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December 15, 2011

Mr. Donald Owen

Department of Toxic Substances Control
1001 “I” Street

P.O. Box 806

Sacramento, CA 95812-0806

Re: Request for Chemical Information and Analytical Test
Methods for Quantum Dots

Dear Mr. Cwen,

This letter is in response to the Department of Toxic
Substances Control (DTSC)'s December 21, 2010 call-in
letter to Life Technologies requesting chemical information
and analytical test methods for our Qdot® (Quantum Dot)
products. Life Technologies has received two DTSC call-in
letters dated on December 21, 2010. One letter was
addressed to Mr. Farnaz Khadem in Carlsbad, while the
other letter was addressed to me in Foster City. |am
collectively responding on behalf of Life Technologies.

Created from the merger between Invitrogen and Applied
Biosystems in 2008, Life Technologies manufactures Qdot®
products at a facility in Oregon and imports them into
California. The total annual production volume in Oregon is
approximately 15 grams. The quantity of Qdot® products
imported into California is less than 1 gram per year. Our
Qdot® products are mostly purchased by universities and
research institutes as research and development-use
materials, typically in quantities of less than 1 milligram.
Currently, we are importing and/or seiling 145 different
Qdot® products into/in California. These Qdot® products
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can be categorized into 12 different products based on core,
shell, surface coating, size and shape:

Qdot® ITK™ Carboxyl Quantum Dots
Qdot® Antibody Conjugate

Qdot® Streptavidin Conjugate
WesternDot® Western Blot Kit

Qtracker® Cell Labeling Kit

Qdot® ITK™ Streptavidin Conjugate Kit
Qdot® ITK™ organic Quantum Dots
Qdot® Antibody Conjugation Kit

Qdot® ITK™ Amino (PEG) Quantum Dots
10 Qdot® Biotin Conjugate Kit

11.Qtracker® Non-targeted Quantum Dots
12.Qdot® Dipeptide Quantum Dots (custom synthesis)

CoNOO RN

Life Technologies’ responses to DTSC's questions for each
Quantum Dot product category are enclosed.

If you require any additional information, please do not
hesitate to contact me at 650-554-2798 or sang-
tae.kim@lifetech.com.

Sincerely,

%mf?/ Tor KW\_

Sang-Tae Kim, Ph.D., DABT
Manager, Design-for-Environment
EHS/Global Product Stewardship

Enciosures

Cc:  C. Amorim, Life Technologies
D. Seid, Life Technologies
J. Barreno, Life Technologies

Shaping Discovery, lmproving Life™




Qdot® ITK carboxyl quantum dots

STATE OF CALIFORNIA
Department of Toxic Substances Control

Health and Safety Code Section 57019 Chemical Information Call-in Information
For Nanometals, Nanometal Oxides, and Quantum Doty
December 2010

This enclosure is provided for your convenience. You may provide the requested information in writing, and attaching
any supplernentary materials or explanatery information, in letter or report form,

TSECTION A: CHEMICALS) (CHEGK sacl oie which ippiies For yout company)

0 Nano Silver {1 Nano Titanium Dioxide 0 Nano Cerium Oxide
0 Nano Zero Valent Iron [1 Nano Zin¢ Oxide X Quantum Dot{s)

“SECTION B: BUSINESS IDENTIFICATION INFORMATION-(check o1 and 6ompléte 1. 10 e

{1 Sole Owner X Corporation 1 Limited Liability | £ Limited Liability | O Unincorporated
Company (LLC) Partnership (LLP) Business Trust

{1 Spouses’ [ Registered M1 General [0 Limited (0 Other: (describe)

Co-ownership Domestic Partnership | Partnership Partnership

. Name of Sole Owner, Corporation, Partnership, Institute, Other,
Life Technologies Corporation

2. Business Trade Name ("Doing Business As, " if any)
None

3. Business Address (physical location of your business: street muonber and name, city, state, country, zip or postal
code)
5791 Van Allen Way, Carlsbad, California 92008, USA

4. Mailing Address (sireel name and number, P.O. box, city, state, country, zip or postal code, if different from 3)
The Same as Above

5. Business Website Address(es):
hitp/fwww lifetechnologies.com

6. Name of Owner, Responsible Corporate Officer, Pariner, Other.
Sang-Tae Kim

7. Contact Information for Person in 6 above,

Name: Sang-Tae Kim Title: Manager, Design-for-Environment/EHS

Business Telephone: 650-554-2798 Email: sang-tae kim@jifetech.com

8. Number of Employees (California employees).
2908

9. NAICS Code(s) for this business: Primary: 325413 Other: Other:

1. Narno Chemical Business Type: (check

. X Manufacturer X Importer X Rescarcher
applicable)

"SECTION C: CERTIFICATION (FOR THIS COMPLETE SUBMITTAL).

1 am fully authorized to prepare and submit this information, as a formal respoase to the request pursuant fo Health and
Safety Code section 57019(d)(1), and certify the information and statements made herein, and in the attachments, are
correct to the best of my knowledge and belief,

Name: (type or print) Signature: Date:

Sang-Tae Kim " f 4’ December 15, 2011
Ad)— el { Len
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Qdot® ITK carboxyl quantum dots

| SECTION D: NANOMATERIAL CHEMICAL AND PHYSICAL PROPERTIES (Attach additional pages asneeded).

PRODUCT / PRODUCTION INFORMATION

NANO CHEMICAL NAME: Qdot® {TK carboxyl quantum dots

COMMERCIAL NAME(S): Qdot® 525 ITK carboxyl guantum dots, Qdot® 545 ITK carboxyl quantum dots, Qdot®
565 ITK carboxyl quantum dots, Qdot® 585 1TK carboxyl quantum dots, Qdot® 605 I'TK carboxyl quantum dots,
Qdot® 625 I'TK carboxyl quantum dots, Qdot® 655 ITK carboxyl quantum dots, Qdot® 705 ITK carboxyl quantum
dots, Qdot® 800 ITK carboxyl quantum dots

ANNUAL PRODUCTION VOLUME: Total annual production is 4.046 grams. Quantity shipped to California is
(1.249 gram,

PRODUCTION METHOD(S): Core and core-shell nanoparticles are produced using common cotloidal synthesis
techniques. Some examples may be found in the following patents: 6,322,901, 6,815,064; 7,147,712; 7,695,642. Some
examples of methods for applying the amphiphilic coating to these particles to render them water soluble may be found
in the following patent 6,649,138,

lier of these roduct's

“PHYSICAL PROPERTIES

SHAPE (MORPHOLOGY) The morphology of a nanoparticle is most commonly See Attachment 1
measured by transmition electron microscopy (TEM) since
it is the only analytical technique with resolution sufficient
to resolve the fine features of a nanoparticle. This
technique is limited, however, since it is most sensitive to
electron dense elements of the nanoparticle like cadmium,
zinc and selenium and virtually insensitive to lighter
elements like carbon, hydrogen, oxygen and nitrogen. This
means that shape and morphology information is not
available for nanoparticles that comprise organic coatings.
In other words, TEM can only give you information about
the nanocrystal within a nanoparticle. TEM is further
limited by the fact that the data acquired is only a two
dimensional projection of the three dimensional shape.
Therefore to calculate the volume or surface area, a three
dimensional shape must be assumed. The size of the
nanoparticle (nanocrystal and organic ligands) can be
measured by size exclusion chromatography (SEC) but this
technigue does not have the reselution to provid
morphology information. '

DENSITY The density of these materials has not been measured

SURFACE AREA Since we cannot measure the morphology of ITK carboxyl | See Attachment 1
quantum dot nanoparticles, we cannot calculate the surface
area, If we approximate the morphology as a sphere and
use the SEC sizing data, we can calculate a spherical
surface area.

Air To the best of our knowledge, no technique is currently
available

Liquid Dynamic light scattering can give particle size distribution
data, however, several complications exist in interpreting
the data. Some of those caveats include, (1) since quantum
dots have broad absorbance, any color that emits at fonger
wavelengths than the laser will absorb some of the laser
light and make interpretation of the data nearly impossible,
(2) large particles scatter much more efficiently than
smaller particles making detection of smatl particle
populations difficult,

Solid/ To the best of our knowledge, no technique is currently
Powder available

PARTICLE SIZE
DISTRIBUTION

OTHER (SPECIFY)

CHEMICAL PROPERTIES

CHEMICAL COMPOSITION | The inorganic portion of the nanoparticles (nanocrystal) is | The chemical
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Qdot® ITK carboxyl quantum dots

composed of cadmium, selenium, zinc and sulfur. Two of

our nanocrystal products (Qdot 705 and 800} additionally
contain tellurium. The exact composition of the ligand
shell is unknown but NMR has revealed that it is mostly
composed of tetradecylphophonic acid (TDPA) and/or
other phosphorus-containing species. The polymer coating
is an amphipilic molecule that is associated with the
nanoparticle and provides water solubility.

composition of this
polymer is best

described in Patent
Number 6,649,138

SURFACE MODIFICATION The outer surface contains an amphipilic polymer, The process of
(COATING, applying this
FUNCTIONALIZATION) polymer to the
nanoparticles is best
described in patent
) number 6,649,138,
PURITY Purity is essential for our products, We have most See Attachment 2
routinely use SEC to detect and measure impurities. Some
of those impurities include aggregated nanoparticles, free
{(unbound) amphiphilic polymer, and other nanoparticle
impurities. :
SURFACE CHARGE We routinely perform gel electrophoresis to confirm the See Attachment 3
charge of a particle but we do not quantitate it in terms of
charge density.
Air We do not handle air dispersions in our operations or R&D
Liquid Presence of aggregated particles is routinely measured by
SEC chromatography. In fact, all of our products and
DISPERSION water soluble intermediates have speciﬁcationsl around the
percentage of these soluble aggregates present in the
solution,
Solid We do not handle the materials in the solid form, but asa
liquid dispersion.
IDENTIFYING AND Determining the exact concentration of nanoparticles in A example of a
DETERMINING any matrix is difficult because routine nanoparticle commen fechnique
CONCENTRATION OF NANO | counting techniques do not currently exist. The most for estimating the
CHEMCIAL, ITS common method for determining the concentration of extinction

METABOLITES, AND
DEGRADATION PRODUCTS
IN SPECIFIED MATRICS
(Water, Air, Soil, Sediment,
Sludge, Chemical Waste, Fish,

quantum dots is to measure the optical absorbance in
solution at a concentration where Beer's law is operative
and calculate the concentration using an estimated
extinction coefficient for the material.

coefficient for
quantum dot can be
found in this
reference (Chem.
Mater. 2003, 15,

Blood, Adipose Tissue, Urine, 28542860}
Other)
SOLUBILITY | Water Soluble/miscible in water. These products are sold ata
Solubility concentration of & micromolar which is in the range of 0.5
mg/mL to 8 mg/mL depending on the color.
Solubility in Not soluble/miscible in organic solvent
Organic
Solvent
N-OCTANOL-WATER We have not measured this parameter.
PARTITION COEFFICIENT
STABILITY Flammability | These nanopariicle products are sold as dilute (8 pM or
AND approximately 0.5 mg to 8 mg/mlL} aqueous solutions and
REACTIVITY are therefore classified with a HMIS flammability rating of
0 (same as water).
Explosiveness | These products do not pose an explosion hazard. This See Attachment 4

conclusion is partially based on thermogravimetric analysis
{TGA) of our ITK organic quantum dots. TGA shows that
no weight loss occurs until about 300 °C. At arcund 300
°C the particles lose about 10 - 20 % of their mass. This
temperature coincides with the boiling point of the organic
ligands used in the synthesis of quantum dots. No other
weight loss is observed up to a temperature of 650 °C.
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Qdot® ITK carboxyl quantum dots

Oxidizing These products are not strong oxidizing agents.
Properties
Oxidation These products are not strong reducing agents.
Reduction
Potential
Storage These products are stable in a variety of container
Stability and | materials including, glass and plastic. The product is
Reactivity packaged and shipped in polypropylene vials.
{Container
Material) :
Stability to These products are stable, meaning that they will work for | Reference -
Thermal, their intended purpose, to multiple rounds of freezing and | Cytometry Part A,
Sunlight, and | thawing and moderately high temperatures (0 °C to 37 °C). | 79A: 84 89, 2011
Metal(s) These products are stable and will work for their intended
purpose with moderate sunlight exposure. Some metals
will quench the florescence from these particles.
Particularly copper (1) and iron (1i1).

Life Technologies’ Medical Surveillance and Monitoring Plan requires a bi-annual monitoring of blood and urine
samples as well as an annual physical examination of employees who are involved in manufacturing of quantiem dots.
No cadmium was detectable from either blood or urine samples, when analyzed with the use of Inductively Coupled
Plasma/Mass Spectrometry (ICP-MS) (see hitp://www.araplab.com/guides/ug/tests/0025040.jsp for detailed
information on sampling and analysis methodology).

We have not determined the identity and concentration of Qdot® ITK carboxyl quantum dots in environmental matrix
including air, soil, sediment, sludge, chemical waste, fish, and adipose tissue. However, there is a report that looked at
the effect of commercially available Qdot® 545 TTK carboxyl quantum dots on the Treshwater alga Pseudolirchneriella
subcapitatq and the cladoceran Ceriodaphnia dubia (Jetmifer L. Bouldin, Taylor M. Ingle, Anindita Sengupta, Regina
Alexander, Robyn E. Hannigan, Roger A. Buchanan; Environmental Toxicology and Chemistry, 2008, 1958-1963).
These model organisms are well established model species in standard toxicological and ecological risk assessments
and judged to provide a simple model for food chain transfer. In this study, the authors found that these aquatic
organisms exposed to Qdot® 545 ITK carboxyl quanturn dots were able to withstand concentrations of cadmium that
were 500-fold or greater higher than was the case for bulk cadmium. This result is condrary to the widely held view
that nanoforms of toxic materials, in this case, cadmium, are likely to have toxicological effects at lower concentrations
due to their high surface area. Because in Qdot® 545 ITK carboxyl quantum dots, the cadmium is encapsulated by a
shell substance, the nanoform of this substance appears to be overall less toxic than its bulk counterpart.
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Qdot® ITK carboxyl quantum dots

ATTACHMENT 1

Particle Size Morphology of Qdot ITK Carboxyl Quantum Dots

~_|Particle Size and Morphology - ITK Carboxyl Quantum Dots
Emission | diameter | 3D shape | volume surface area

Wavelength (nm

{
]
1
1
i
1

1
nm) |{assumption}l  {(nm® 1 nm

; | |

Note: Particle diameters were acquired by size exclusion chromatography {SEC).
Since SEC cannot resclve morphelogy, we are assuming a sphere for the purpose of

‘calculating the volume and surface area.
|
T -

Page 5 of 15




Qdot® ITK carboxyl quantum dots

ATTACHMENT 2

Purity of Qdot ITK Carboxyl Quantum Dots by Size Exclusion Chromatography
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Qdot® ITK carboxyl quantum dots

ATTACHMENT 3

E-Gel ® Precast Agarose Gel

AMino Aming
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Carhoxyl Camoxyl Carboxyl

Carboxyl

0
O
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Qdot® ITK carboxyl quantum dots

ATTACHMENT 4

Thermogravimetric Analysis of Qdot ITK Carboxyl Quantum Dots
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Qdot® ITK carboxyl quantum dots

ATTACHMENT 5

MATERIAL SAFETY DATA SHEET
(Sample)
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Qdot® ITK carboxyl quantum dots

/&# SAFETY DATA SHEET

ldenfification of the substance/preparation

Product code QF341MP
Product name Qcdot® 525 ITK™ carboxy! guanium dols *8 pM solution®

CompanyfUndertaking kentification

Li#e Technologiss INVITROGEN CORPORATION
5791 VAN ALEEN WAY 5250 MAINWAY DRIVE
PO BOX 6482 BURLINGTON, ONT
CARLSBAD CA 92008 CANADA LTI 6A4
+1 760 603 7200 BO0/263-6238
24 hour Emergency Response {Fransport): 866-536-0631

014318585

Oulside of the U.5. +1-301-431-8585
For research use only. Not intended for human or animal diagnostic or therapeutic uses.

Rewvision Date 20-Maow-2011

Page 1/8

Product code Q21341MF Product name Qdot 525 TTK™ carboxyl quantum dots "8 4 soluton”

waw lifetechnologies com
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Qdot® ITK carboxyl quantum dots

GHS - Clagsification

Signal Word
not hazardous
Health Hazard
not hazardous
Physical Hazrards
not hazardous
Principle Rowles of Exposurel
Potential Health effects
Eyes May cause eye imitation with susceptible persons.
Skin May cause skin imitation in susceptibie persons.
inhalation May be harmful by inhalation.
ingestion May be hammful if swallowed.
Specific effects
Carcinogenic effects nong.
Mutagenic effects nene.
Reproductive toxicity none.
Sensitization none
Target Organ Effecia No known effeets under normal use conditions
HMIS
Health [1]
Flammability 0
Reaciivity 1]

The product contains no substances which at their given concentration, are considered 1o be hazamdous o heatth. We
recommend handling afl chemicals with caution, )

Rewvision Dafe 28-Now-2011 Fape 2/9
Product code Q213HMP Product name Qdot 525 FFK™ carboxyl quantm dats "8 uM solution®

vww lifetechnolagies com
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Qdot® ITK carboxyl quantum dots

Skin contact Rinse with plenty of water. if symptems anse, call a physician.

Eye contact Rinse immetdiately with plenty of water, also under the eyelids, for at least 15
minutes. If symploms persist, call a physician.

Ingestion Never give anything by moeuth to an unconscious person. If symptome persist, cafl
a physician. Do not induee vomiling without medical advice.

Inhalaticn Move to fresh air. If symptoms persist, call 2 physician. if not breathing, give
artificial respiration.

Huotes to phyzician Treat symplomaticaliy.

Suitable extinguishing media Water spray. Carbon dioxide {CO2). Foam. Dry chemical.
Special profective equipment for frefighters Wear seli-contained breathing apparatus and protective
suit

Personal precautions Use personal protective equipment
Methods for cleanmg vp Soak up with inerf absorbent material.

Environmental precaufions

Prevent further leakage or spillage if safe to do so.

See Sechien 12 for additional information.

il | e
Handling Always wear reccommended Personal Protectve Equipment. No special handling
advice required.
Storage Keep in a dry, cool and well-ventilated place.

Exposure limils

At this time, the Imited evidence available suggests caution when potential exposures to nanoparticles may occour.
Due to the fanited information about health Aisks from nanomaterials, it i prudent to take steps for minimizing
wovker sxposures. Research ig s3till needed to undarstand the impact of nanotechnelogy on health, and te
determine appropriate exposure monitoning and controt shategies.

Engineering measures Ensure adequate ventilation, especially m confined areas.

Personal protective equipment

Respiratory protection In caze of insufficient venSitation wear suitable respiratory equipment,

Hand protection Impenious gloves.

Eye protection Safely glazses with side-shislds.

5%in and body protection.  Lightweight profeclive clothing.

Hygiene measwures Handle in accordance with good indusirial hygiene and safely practice.
Revision Date 26 MNov-2011 Page 3/8
Product code QF14IMP Product name Odot® 525 ITH™ carboxyl quantum dots "5 ;M solation”

www lifetechnologies com
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Qdot® ITK carboxyl quantum dots

Environmental exposure FPrevent product from entering drains.
controls

General Information

Form SUSpEnsion

Appearance ligaid

Oufor No information available

Boiling Point’Range °C no dafa available °F no data available
Melting pointirange °C no data available °F no data availabie
Flash point *C no data available F no data availabie
Autoignition temperature °C no data availabie “F no data availalie
Qxidizing properlies No information available.

Water solubifity soluble

pH VALUE 9

Stability Siable under nomal conditions.

Materials to avoid No dangerous reaction known under conditions of nomal use.
Hazardous decomposition None under nommal use

producis

polymerization Hazardous polymerisation does not ocour.

Acute toxicity

At this time, the mited evidence availabie suggests caution when potential exposures to nanoparticles may occur.
Bue to the limited information about health risks from nanomatesials, it is prudent to take steps for minimizing
worker exposures. Occupational health risks associated with manufacturing and using nanomaterials are not yat
clearly understood. Studies have indicated that ow solubility nanoparticles are more foxic then larger particles on
amase for mags bagie, There are strong indications that parficle surface area and surface chemistry are
responsible for observed respenses in cell cultures and animals. There are indications that nanopatticles can
peneirate through the skin or move frem the respiratory system to other organs.

Principle Routes of Exposure!
Potential Health effects

Eyes May cause eye initation with =usceptible perzons.

Skin May cause skin imtalicn in susceplible persons.

inhalation May be: hanmiul by inhalation.

ingestion May be harmful if swalowed.

Carcinogenic effects nane

Hutagenic effects none

Reproductive toxicily nene

SensHization none

Tasget Organ Effects Ne known effects under normal use conditions
Revision Daie 20-Hov-2011 Page 416
Product code Q2 13HME Prodhuct name Cdot® 525 [TK™ carboxl quam:mdm'suﬂsqhﬁm'
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Qdot® ITK carboxyl quantum dots

Ecotoxicity effectz No mformaBon availabls.
Mobiity No information available.
Biodegradation inherently biodegradable
Bioaccemulation Does not bioaccumulate.

Dispose of in accordance with beal regulatinns.

IATA i
Proper shipping name Not classified as dangerous in the meaning of franspor reguiations ’ 1
Hazard class none
Subsidiary Class none
Packing group none
UN-No Hone

1.8, Federal Requiations

SARA 313

This produet comtams the following toxic chemical{s) subject o the notiication requirements of section 313 of Title [l of the
Superfund Amendments and Reautharization Act of 1885 This law requires certain manufatturers o report on annual emissions of
speciied chemicals and chemical categories. Please pote thal if you repackage, or otherwise redistibute, this product to indusital
customers, a notice similar te this one should be sent to those customers:

Clean Air Act, Section 112 Hazardous Air Polhstants (HAPe) {zee 40 CFR 61)
This produnct does not contains HARS.

.6, State Regulations

LCalifornia Proposition 65
This product does not contein chericals listed under Proposition 65

WHMIS hazard class:
Mon-controfled

Thits product has been classified acconding tothe hazard oitena of the CPR and the M3DS comains alf of the information required by the CER

Reavon for Revicion (M)SDS sectons spdated.

Revision Date 20-Nov-2011 Fage 5/8

Prodest code QZi3HNPE Product name Odot® 525 ITK™ carboxyl quantum dots "8 pM solution”
www.Ffetechnologies.com
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Qdot® ITK carboxyl quantum dots

For research use only. Not intended for human or animat diagnostic or therapeutic uses.

References

= Nabonal Institute for Occupational Safety and Health {HIDSH), U.5., 2010:
http-#vawvw cde_govinioshftopicsinanotech/

= National Inslitute for Oceupational Safety and Health (IDSH), 1.5, 2009:
hitp:#www_cde.govinioshidocsf 20091 25/pdisf 2009125 pdi

The above information was acquired by difigent search and/or investigation and fhe recommendations are based on
prudent application of professional judgment. The information shal) not be taken as being all inclusive and is to be
- used only as a guide. All matenials and mixtures may present unkown hazards and should be used with caution.
\ Since the Company cannot control the actuasl methods, volumes, or conditions of use, the Company shall not be held
i fiable for any darmages or loeses resulting from the handling or from centact with the product as desenbed herem.
THE INFORMATION I THIS MSDS DOES NOT CONSTITUTE A WARRENTY, EXPRESSED OR IMPLIED, -
INCLUDING ANY IMPLIED WARRANTY COF MERCHANTABILITY OR FITHESS FOR ANY PARTICULAR PUPQSE.

End of Safeily Data Sheet

Revixion Dale 20-Nov- 2011 Page 876
Prodect code MR Proeduct name Qdote> 525 Y carbwoeyl guanturm dais "8 pd soluton”

v lifoter hnolegies, com
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Qdot® antibody conjugate

STATE OF CALIFORNIA
Department of Toxic Substances Control

Health and Safety Code Section 57019 Chemical Information Call-in Information
For Nanometals, Nanometal Oxides, and Quantum Dots
December 2010

This enclosure is provided for your convenience. You may provide the requested information in writing, and attaching
any supplementary materials or explanatory information, in letter or report form,

{1 Nano Silver [1 Nano Titanium Dioxide {J Nano Cerium Oxide
{1 Nano Zero Valent Iron [1 Nano Zinc Oxide X Quantum Dof(s)

ECTION B: E et
{3 Sole Owner X Corporation 11 Limited Liability | O Limited Liability | OO Unincorporated
Company (LLC) Partnership {LLP) Business Trust
[1 Spouses’ [1 Registered 1 General [1 Limited {1 Other: (describe)
Co-ownership Domestic Partnership | Partnership Partnership
1. Name of Sole Owner, Corporation, Partrership, Institute, Other.
Life Technologies Corporation
2. Business Trade Name (“Doing Business As, " if any)
None
3. Business Addvess (physical location of your business: street number and name, city, state, couniry, zip or postal
code)

5791 Van Allen Way, Carlsbad, California 92008, USA

4. Mailing Address (street name and number, P.O. box, city, state, country, zip or postal code, if different from 3)
The Same as Above

5. Business Website Address(es):
http:/fwww lifetechnologies.com

6. Name of Owner, Responsible Corporate Officer, Partner, Other.
Sang-Tae Kim

7. Contact Information for Person in 6 above.

Name: Sang-Tae Kim Title: Manager, Design-for-Environment/EHS

Business Telephone: 650-554-2798 Email: sang-tae kim{@lifetech.com

8. Number of Employees (California employees).
2908

9. NAICS Code(s) for this business: Primary: 325413 Other: Other:

10. Nano Chemical Business Type: (check
applicable)

X Manufacturer X Importer X Researcher

01 ML
Tam fully authorized to prepare and submit this information, as a formal response to the request pursuant to Health and
Safety Code section 57019(d)}{(1), and certify the information and statements made herein, and in the attachments, are
correct to the best of my knowledge and belief,

Name: {type or print) Signature: Date:

Sang-Tae Kim / (é, December 15, 2011
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Qdot® antibody conjugate

NANO CHEMICAL NAME: Qdot® antibody conjugate

COMMERCIAL NAME(S): CD2, mouse anti-human, Qdot® 605 conjugate; CD3, hamster anti-mouse, (Qdot® 6035
conjugate); CD3, mouse anti-human, Qdot® 605 conjugate (clone UCHT1); CD3, mouse anti-human, Qdot® 655
conjugate (clone 84.1); CD4, mouse anti-human, Qdoi® 605 conjugate (clone 83.5); CD4, mouse anti-human, Qdot®
655 conjugate (clone 83.5), CD4, mouse anti-human, Qdot® 705 conjugate {clone $3.5); CD4, rat anti-mouse, (Qdo(®
605 conjugate); CD8, mouse anti-human, Qdot® 565 conjugate; CD8, mouse anti-human, Qdot® 605 conjugate {clone
3B5); CD8, mouse anti-human, Qdot® 655 conjugate (clone 3B5); CD8, mouse anti-human, Qdot® 705 conjugate
(clone 3B5); CD10, mouse anti-human, Qdot® 605 conjugate; CD10, mouse anti-human, Qdot® 800 conjugaie; CD14,
meouse anti-human, Qdoi® 605 conjugate (clone TuK4); CD14, mouse anti-human, Qdot® 655 conjugate (clone HIT2);
CD14, mouse anti-human, Qdot® 655 conjugate (clone Tuk4), CD14, mouse anti-human, Qdot® 800 conjugate (clone
Tuk4), CD19, mouse anti-human, Qdot® 605 conjugate; CD19, mouse anti-human, Qdot® 655 conjugate; CD20,
mouse anti-human, Qdot® 655 conjugate; CD27, mouse anti-human, Qdot® 605 conjugate {clone CLB-27/1); CD27,
mouse anti-human, Qdot® 655 conjugate (clone CLB-27/1); CD38, mouse anti-human, Qdot® 605 conjugate (clone
HIT2); CD45, mouse anti-human, Qdot® 605 conjugate (clone HI3(); CD45, mouse anti-human, Qdot® 705 conjugate
(clone HI30); CD45, mouse anti-human, Qdot® 800 conjugate; CD45R(B220), Rat anti-mouse, Qdot® 655 conjugate;
CD45RA, mouse anti-human, Qdot® 605 conjugate (clone MEM-56); CD45RA, mouse anti-human, Qdot® 655
conjugate {clone MEM-36); CD56, mouse anti-human, Qdot® 605 conjugate; HLA-DR, Mouse anti-human, Qdot®
605 conjugate; HLA-DR, Mouse anti-human, Qdot® 800 conjugate; Mouse IgG1 Isotype Control, Qdot® 300
conjugate; Mouse IgG1, Qdot® 605 coniugate; Mouse KGG2A, QDOT 605 conjugate; Mouse IGG2A, QDOT 655
conjugate; Mouse IgG2a, Qdot® 705 conjugate; Mouse IgG2a, Qdot® 800 conjugate; Mouse IgG2b, Qdot® 605
conjugate; Qdot 565 goat anti-fluorescein conjugate; Qdot 655 goat anti-fluorescein conjugate; Qdot 655 rat anti-
dinitrophenol conjugate; Qdot 655 wheat germ agglutinin conjugate; Qdot® 525 goat F(ab')2 anti-mouse 1gG conjugate
(H+L) *1 uM solution™®, 260 uL; Qdot® 565 goat F(ab)2 anti-mouse IgG conjugate (H+L) *1 pM solution®, 200 ul;
Qdot® 585 goat F{ab')2 anti-mouse IgG conjugate (H+L) *1 pM solution*, 200 nL; Qdot® 605 goat F(abH2 anti-
mouse IgG conjugate (H+L) *1 pM solution*, 200 pL; Qdot® 655 goat F(ab)2 anti-mouse IgG conjugate (H+L) *1
1M solution®, 200 pL; Qdot® 705 goat F(ab')2 anti-mouse IgG conjugate (H+L) *I uM solutien*, 200 pL; Qdot® 800
goat F(ab")2 anti-mouse [gG conjugate (H+L) *1 uM solution*, 200 pL; Qdot® 565 goat F(ab"2 anti-mouse IgG
conjugate (H+L) *1 pM solution®, 100 pL; Qdot® 605 goat F(ab"2 anti-mouse IgG conjugate (HHL) *1 uM solution®,
160 pL; Qdot® 625 goat F(ab)2 anti-mouse IgG conjugate (H+L) *1 uM solution*, 100 uL; Qdot® 655 goat F(abh2
anti-mouse IgG conjugate (H+L) *1 pM solution*, 100 pL; Qdot® 705 goat F(ah")2 anti-mouse IgG conjugate (H+L)
*1 uM solution®, 100 pL; Qdot® 525 poat F(ab)2 anti-rabbit [gG conjugate (H+L) *1 uM solution*, 200 pL; Qdot®
565 goat F(ab")2 anti-rabbit IgG conjugate (H+L) *1 uM solution*, 200 uL; Qdot® 585 goat F(ab"2 anti-rabbit IgG
conjugate (H+L) *1 pM solution*®, 200 pL; Qdot® 605 goat F(ab"2 anti-rabbit 1gG conjugate (H+L) *1 pM solution®,
200 uL; Qdot® 655 goat F(ab")2 anti-rabbit IgG conjugate (H+L) *1 uM solution*, 200 uL; Qdot® 705 goat F(ab")2
anti-rabbit 1gG conjugate (H+L) *1 uM solution*, 200 uL; Qdot® 800 goat F{ab')2 anti-rabbit IgG conjugate (H+L) *1
pM solution®, 200 pL; Qdot® 565 goat F{ah")2 anti-rabbit 1gG conjugate (H+L) *1 uM solution®, 100 uL; Qdoi® 605
goal F(ab")2 anti-rabbit IgG conjugate (H+L) *1 uM solution*, 100 pL; Qdot® 625 goat F(ab")2 anti-rabbit 1gG
conjugate (H+L) *1 uM solution*, 100 uL; Qdot® 655 goat Fab")2 anti-rabbit IgG conjugate (H+1) *1 pM sclution*,
100 pL; Qdot® 705 goat F(ab")2 anti-rabbit 1gG conjugate (HHL) * 1 uM solution®, 100 pL; Qdot® 565 goat F(ab')2
anti-rat IgG conjugate (H+L) *1 1M solution*; Qdot® 605 goat F{ab’)2 anti-rat IgG conjugate (H+L) *1 uM solution*;
Qdot® 655 goat F(ab’)2 anti-rat IgG conjugate (H+L} *1 pM solution*; Qdot® 605 goat F(ab)2 anti-human IgG
conjugate (H+L) *1 uM solution*; Qdot® 655 goat F(ab"2 anti-human TgG conjugate (H+L) *1 uM solution*; Qdot®
655 goat whole IgG anti-chicken IgY (H+L) conjugate *1 uM solution®; Qdot® 655 rabbit F(ab"2 anti-goat 12G
conjugate (H+L) *1 uM solution*; Qdot 565 goat anti-fluorescein conjugate *2 uM solution* *whole IgG* *Custom*
Qdot 605 goat anti-dansy! *2 pM solution* *wheole 1gG* *Custom*; Qdot 655 goat anti-DNP *2 uM solution® *whole
IgG* *Custom*

ANNUAL PRODUCTION YOLUME: Total annual production is 3.470 grams. Quantity shipped to California is
0.257 gram.

PRODUCTION METHOD(S): Core and core-shell nanoparticles are produced using common colloidal synthesis
techniques. Some examples may be found in the following patents: 6,322,901; 6,815,064, 7,147,712, 7,695,642. Some
examples of metheds for applying the amphiphilic coating to these particles {o render them water soluble may be found
in the following patent 6,049,138.

IDENTIFICAITON OF THE SUPPLIER(S): Life Technologies is the producer and supplier of these products.

ROPERT

SHAPE (MORPHOLOGY) The morphology of a nanoparticle is most commonly
measured by fransmition electron microscopy (TEM) since
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it is the only analytical technigue with resolution sufficient
to resolve the fine features of a2 nanoparticle. This
technique is limited, however, since it is most sensitive to
electron dense elements of the nanoparticle like cadmium,
zinc and selenium and virtually insensitive to lighter
elements like carbon, hydrogen, oxygen and nitrogen. This
means that shape and morphology information is not
available for nanoparticles that comprise organic coatings.
In other words, TEM can only give you information about
the nanocrystal within a nanoparticle. TEM is further
limited by the fact that the data acquired is only a two
dimensional projection of the three dimensional shape.
Therefore to calculate the volume or surface area, a three
dimensional shape must be assumed. The size of the
nanoparticle (nanocrystal and organic ligands) can be
measured by size exclusion chromatography (SEC) but this
technique does not have the resolution to provide
morphology information.

DENSITY

The density of these materials has not been measured

SURFACE AREA

Since we cannot measure the morphelogy of Qdoi®
antibody conjugate nanoparticles, we cannot calculate the
surface area. If we approximate the morphology as a
sphere and use the SEC sizing data, we can calculate a
spherical surface area.

Air

To the best of our knowledge, no technique is currently
available

Liguid

PARTICLE S1ZE
DISTRIBUTION

Dynamic light scattering can give particie size distribution
data, however, several complications exist in interpreting
the data. Some of those caveats include, (1) since quantum
dots have broad absorbance, any color that ¢mits at longer
wavelengths than the laser will absorb some of the laser
light and make interpretation of the data nearly impossible,
(2) large particles scatter much more efficiently than
smaller particles making detection of small particle
populations difficult.

Solid/
Powder

To the best of our knowledge, no technique is currently
available

OTHER (SPECIFY)

CHEMICAL PROPERTIES

CHEMICAL COMPOSITION

The inorganic portion of the nanoparticles (nanocrystal) is
composed of cadmimm, selenium, zinc and sulfur. Two of
our nanocrystal products (Qdot 705 and 800) additionally
contain tellurium. The exact composition of the ligand
shell is unknown but NMR has revealed that it is mostly
composed of tetradecylphophonic acid (TDPA) and/or
other phosphorus-containing species. The polymer coating
is an amphipilic molecule that is associated with the
nanoparticle and provides water solubility. The
polyethylene glycol (PEG) coating is attached to the
polymer coating through amide bonds created by reacting
amine-functional PEG molecules with carbodiimide (e.g.,
1-Ethyl-3-[3-dimethylamiropropyl]carbodiimide
hydrochloride) activated carboxylate groups on the
polymer coating. The particle surface is then made sulfur
reactive by reacting a heterobifunctional crosslinker {(e.g.,
Sulfosuccinimidyl-4-(N-maleimidomethyl)cyclohexane-1-
carboxylate) to residual amine functional groups on the
terminal ends of the PEG molecules. The crosslinker is
attached to the quantum dot through an amide bond.
Lastly, the sulfur reactive quantum dots are incubated with
antibodies that have either been reduced, with for example

The chemical
composition of this
polymer is best
described in Patent
Number 6,649,138
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dithiothreitol, or thiolated with a common thiolation
reagent like 2-iminothiolane. Thiolether are formed
between the quantum dot and the antibody.

SURFACE MODIFICATION
(COATING,
FUNCTIONALIZATION)

The outer surface contains an amphipilic polymer, PEG
and antibodies

The process of
applying this
polymer to the
nanoparticles is best
described in patent
number 6,649,138.

PURITY

Purity is essential for our products. We have most
routinely use SEC to detect and measure impurities. Some
of those impurities include aggregated nanoparticles, free
(unbound) amphiphilic polymer, and other nanoparticle
impurities.

SURFACE CHARGE

We routinely perform gel electrophoresis to confirm fhe
charge of a particle but we do not quantitate it in terms of
charge density.

Air

We do not handle air dispersions in our operations or R&D

Tiquid

DISPERSION

Presence of aggregated particles is routinely measured by
SEC chromatography. In fact, all of our products and
water soluble intermediates have specifications around the
percentage of these soluble aggregates present in the
solution.

Selid

We do not handle the materials in the solid form, but asa
liquid dispersion,

IDENTIFYING AND
DETERMINING
CONCENTRATION OF NANO
CHEMCIAL, [TS
METABOLITES, AND
DEGRADATION PRODUCTS
IN SPECIFIED MATRICS
(Water, Air, Soil, Sediment,
Sludge, Chemical Waste, Fish,

Determining the exact concentration of nanoparticles in
any matrix is difficult because routine nanoparticle
counting techniques do not currently exist. The most
common method for determining the concentration of
quantum dots is to measure the optical absorbance in
solution at a concentration where Beer's law is operative
and calculate the concentration using an estimated
extinction coefficient for the material.

A example of a
common technique
for estimating the
extinction
coetticient for
quantum dot can be
found in this
reference (Chem.
Mater. 2003, 15,

Blood, Adipose Tissue, Urine, 2854-2860)
Other)
SOLUBILITY | Water Soluble/miscible in water. These products are sold at a
Solubility cencentration of 1 micromolar which is in the range of
.06 mg/mL to 1 mg/mL depending on the color.
Solubility in Not soluble/miscible in organic solvent
Organic
Solvent
N-OCTANOL-WATER We have not measured this parameter,
PARTITION COEFFICIENT
STABILITY Flammability | These nanoparticle products are sold as dilute (1 pM or
AND approximately 0.06 mg to 1 mg/mL) aqueous solutions and
REACTIVITY are therefore classified with a HMIS flammability rating of

0 (same as water).

Explosiveness

These products do not pose an explosion hazard. This
conclusion is partially based on thermogravimetric analysis
{TGA) of our ITK organic quantum dots. TGA shows that
no weight loss occurs until about 300 °C. At around 300
°C the particles lose about 10 - 20 % of their mass. This
temperature coincides with the boiling point of the organic
Hgands used in the synthesis of quantum dots. No other
weight loss is observed up to a temperature of 650 °C.

Oxidizing
Properties

These products are not strong oxidizing agents.

Oxidation
Reduction
Potential

These products are not strong reducing agents.
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Storage
Stability and
Reactivity
{Container
Material)

These products are stable in a variety of container
materials including, glass and plastic. The product is
packaged and shipped in polypropylene vials.

Stability to
Thermal,
Sunlight, and
Metal(s)

These products are stable, meaning that they will work for
their intended purpose, to multiple rounds of freezing and

thawing and moderately high temperatures (0 °C to 37 °C).

These preducts are stable and will work for their infended
purpose with moderate sunlight exposure. Some metals
will quench the florescence from these particles.
Particularly copper (1T} and iron (11T},

Reference -
Cytometry Part A,
79A: 84 89, 2011
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pared one
Aftached is current SDS/Material Safety Data Sheet (MSDS). See Attachment 1

Life Technologies® Medical Surveillance and Monitoring Plan requires a bi-annual monitoring of blood and urine
samples as well as an annual physical examination of employees who are involved in manufacturing of quantum dots,
No cadmium was detectable from either blood or urine samples, when analyzed with the use of Inductively Coupled
Plasma/Mass Spectrometry (ICP-MS) (see http://www.aruplab.com/gnides/ug/tests/0025040.jsp for detailed
information on sampling and analysis methodology).

We have not determined the identity and concentration of Qdot® antibody conjugate in environmental matrix including
ait, soil, sediment, sludge, chemical waste, fish, and adipose tissue.
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ATTACHMENT 1

MATERIAL SAFETY DATA SHEET
(Sample)
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Lt SAFETY DATA SHEET

Identification of the subztance/preparation

Product code 172
Product name CD2, mouse anti-human, Qdot® 605 conjugate {clone 55.5)*1 uM solution*

i Company/Undertaking Idenfification
|
|

Eife Technolagies INVITROGEN CORPORATION
SF91 VAN ALLEN WAY 5250 MAINWAY DRIVE
PO BOX 6482 BURLINGTOHR, ONT
CARLSBADL, CA 92008 CANADA L7L 684
+1 760 603 7200 BO0/263-6236
24 hour Emergency Responase (Transport): B866-536-0621

301-431-8585

Qutside of the V.S, +1-301-431-8585
For rezearch use only, Not intended for human or animal diagnostic or therapeutic uaes,

Revision Date 2B-MNoe-2011 Page 1#7
Froduct code Q72 Product name COZ, mouse anti-h Gdet® 805 conjugate (clone
558} “f ubd solution®

wrw lfetechnologies com
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GHS - Classification

Signal Word
not hazardous

Health Hazard
not hazardous

Physical Hazards
not hazardous

Principle Routes of Exposuref
Potential Health efects

Eyes

Skin

inhalation

ingestion

Specific effects
Carcinogenic effects

Mutagenic effects
Reproductive toxicity
Sensitization

Target Organ Effects

May cause eye iniation with susceplible perzons.
May cause skin imtation in susceptible persons.
May be harmful by inhalation.

May be harmiul if swallowed.

RGNE.
nane.
ReNe.
none

Mo known affecis under normal use condiions

HMIS
Health a
Flammability {
Reaclivity 0

recommend handling all chemicals with caution.

Revicion Dabe 2B-Phov-2011
Product code Qo172

Page 2F7
Product name CD2, mouse ant-fuman, Cdotl 605 conjugate (done
35.5) *1 uM selution”

wwrw lifetechnologies.com

Page 9 of 14




Qdot® antibody conjugate

Skin contact Hinze with plenty of water_ if symploms arize, ¢all a phyzsician.

Eye contact Rinse immediately with plenty of water, also under the eyelids, for at least 15
) mintutes. if symptoms persist, call a physician.
Ingestion Never give anything by moutit to an unconscious person._ If sympioms persizt, eall
a physician. Do not induce vomiting without medical advice. ’
Inhalation kove to fresh air. If symptoms persist, call a physician. If not breathing, give
artificial respiration.
Notes to physician Treat symptomatieally,

Swuitable extinguizhing media Waler spray. Carbon dioxide {CO2). Foam. Dry chemical.

Special profective equipment for firefighters Wear self-contained breathing apparatus and photeclive
suik '

Perzonal precautions Use personal protective equipment,
Methods for cleaning up Soak up with mert absorbent materiat.

Enviranmental precastions

Prevent further leakage or spillage if zafe to do ge.

See Section 12 or addiional information.

Handiing Always wear reccommended Perzonal Protective Equipment. Mo special handling
advice required.
Storage Keep in 2 dry, cool and wellvenfilated place.

Exposure limits

At this time, the lEnited evidence available suggests caution when potential exposures te npanopariicles may occur.
Bue to the lentted information about heaith risks from nanomaterials, it is prudent to take steps for minimizing
worker expogures. Research is still needed to understand the impact of nanotechnology on health, and to
determine appropriate expesure monitering and control strategies. '

Enginesring measures Ensure adequate ventilation, especialy i confined areas.

Personal profective equipment

Respiralory protection in case of insuficient ventilaion wear suitable respiratory equipment.

Handd protection impesvious gloves.
Revision Date 20-Mow-11 Pape 377
Product code L4311 ¥ d ) Produet name CDZ, mouse anti-human, Qoot® 605 conjugate (done

35.5) *1 uM soluton®

warw lifetechnologies cam
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Eye protection

Skin and body protection.

Hygiens measures

Environmental exposure

controis

Safely glisses with side-shields.
Lightweight proteclive clothing.
Handle in accordance with good indusrial hygiene and safely practice.

Prevent product from entering drains.

General Information

Form
Appearance
Oxdor

Boiling Point/Range
Melting pointfrange

Flazh point

Autoignition temperature
Oxidizing properties

Water zoluability
pH VAL UE

sSuspension

liquéd

Mo nformalion available

*C no data available F no data available
*C no data availahie *F no datz available
*C no data available °F no dalz available
*C no daia availabie F no data available
No informeation available.

soluble

83

Stability
HMaterials to avaid
Hazardous decompaosilion
products
polymenzation

Stahle under nomnal condiions.
No dangerous reaction known under conditions of normat use.
None under nermal use

Hazardous polymerisation does not oocur.

Acute toxicity

At this time, the ilmited evidence available suggests caution when potential exposures to nancparficles may occur.
Bue fo the #imited informalion about health risks from nanomaterials, it is prudent to take steps for minimizing
worker exposures. Occupationsl health risks associabed with manufachuring and using nanomaterials are not yet
cleary undersiood. Siudies have indicated that bow solubility nanoparficles are more foxic than larger partieles on
a mass for mass basis. There are strong indications that pariicle surface area and surface chemistry are
responsible for observed responses in cell cultures and animals. There are indications that nanoparficles can
penetrate through the skin or move from the respiratory system o ofher organs.

Principle Routes of Exposure/

Potential Health effects

Eyes May cause eye arilation with susceptible persons.

Skin May eause skin imitaon in suseceplible persons.

Inhalation May be harmful by inhalation.

Ingestion May be hammful if swalowed.
Hevision Date Z0-plow-2018 Page 47
Product code QIMTF2 Product name D2, mouse anti-human, Qrot® 806 conjugate {cione

55.5) "1 uM solubon®

www lifetechnalegies.com
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Carcinogenic effects none
Mutagenic effects HOone
Reproductive toxicity none
| Sensitization none
: Target Organ Effecizs Mo kriown effects under normal use conditions

Ecotoxicity effects Mo mformation avaiisble.
Mobility No information available.
Biodegradation inherently biodegradable
Biocaccumulation Dosas not bicaccumalate.

Dispose of in accordance with kocal requiations.

1ATA

Proper shipping name Not classified a¢ dangemus in the meaning of iransport regulations

Hazard class noneg

Subsidiary Class none

Packing group none

ON-No Hone
Revision Dale 28-Nov-2051 Page 517
Froduct code 172 Product name CDZ, mouse ant-human, Cdet® 605 conjugate (clone

36.5) "1 uM sclusen"

v Jifetechnodoygies com
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Sodium azide
26620038 <01 )

1L5. Federal Regulations

SARA 3123

This product contains the following toxic chemical(s} subject to the notification requirements of section 313 of Title 18 of the
Superfund Amendments and Reauthorization Act of 1988, This law reguires certain manufachiress 1o repet on annual emissions of
spedified chemicals and chemical categories. Please note that if you repackage, or otherwise redishibute, this praduct to industniat
customers, a notice simdlar to this one sheuld be sent to those cusgy¥mers: '

Chemical Nome CASNo Weight % SARA 213 - Threshold Values
Sodium azide W6W22B <t o

Clean Air Act, Section 112 Hazrardous Air Pollutants (HAPs) {see 40 CFR §1)
| This product does not containg HAPs,

U.5. State Regulations

California Proposition 65
This product does not contain chemicals listed under Proposition 65

WHMIS harard class:
Non-conmolled

Thés product has been dassified acconding i the hazand critessa of the CPR and the MSDS contains al of the information required by the PR,

Reason for Revision {MYSD5 sections updated.
For research use only. Netintended for human or animal diagnostic or therapeutic uses,

References

= National Institute for Occupational Safety and Health (MIOSH), U.S., 2010:

hitp-ffwww_cde govinioshitopicsinanotechf i
= Nationaf Instifute for Cccupational Safety and Heaith (MIOSH), U.S_, 2089: !
http-#www_cde.govinicshidocsf2009-125/pdfsf2009-125 pdf : ;

The above information was acquired by diligent search andfor investigation and the recommendations are based on
prudent application of professional judgment. The information shall not be taken as being all inclusive and is fo be
used only as a guide. All materials and mixtures may present unkown hazards and should be usad with caufion.
Since the Company cannol confrol the actual methods, volumes, or conditions of use, the Company shall not be held
fiable for any damages or Josses resulling from the handiing or from contact with the product as described herein.
THE INFORMATION IN THIS MSDS DOES NOT CONSTITUTE A WARRENTY, EXPRESSED OR IMPLIED,
INCLUDING ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITRESS FOR ANY PARTICULAR PUPOSE.

Revision Date 28-Nov-2011 PFage G/7
Product code LA L1 F s Product name COZ, mouse anti-hurman, Qdot® 65 conjugate (clone
55.5} *1 uM solution”

www Ffetechnologies com
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End of Safety Data Sheet

Revision Date 29-Nay-201% Page TIT
Preduct code QInT2 FProduztname CD2. mouse anti-human, Qdowh 605 conjugate (cione
55.5) *1 ubd solution®

www. lifetechnologies com
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STATE OF CALIFORNIA
Department of Toxic Substances Control

Health and Safety Code Section 57019 Chemical Information Call-in Information
For Nanometals, Nanometal Oxides, and Quantim Dots
December 2010

This enclosure is provided for your convenience. You may provide the requested information in writing, and attaching
any supplementary taterials or explanatory information, in letter or report form.

"SECTION A: CHEMICATL(S) (Check cach one which applics 1o your Compaty)

O Nano Silver 0 Nane Titanium Dioxide (] Nano Cerium Oxide

0 Nano Zere Valent Iron O Nano Zinc Oxide X Quantum Dof{s)

“SECTION B: BUSINESS IDENTIFICATION INFORMATION (check oncand complote L= 10y

1 Sole Owner X Corporation 0 Limited Liability | 17 Limited Liability | O Unincorporated
Company (LLC) Partnership (LLP) Business Trust

0 Spouses’ 7 Registered O General {1 Limited [1 Other: (describe)

Co-ownership Domestic Partnership | Partnership Partnership

1. Name of Sole Owner, Corporation, Parinership, Institute, Other.
Life Technologies Corporation

2. Business Trade Name ("Doing Business As,” if any)
None

3. Business Address (physical location of your business: street mumber and name, city, state, country, zip or postal
code}
5791 Van Allen Way, Carlsbad, California 92008, USA

4. Mailing Address (street name and number, P.O. box, city, state, country, zip or postal code, if different from 3)
The Same as Above

3. Business Website Address(es):
http:/iwww lifetechnologies.com

6. Name of Owner, Responsible Corporate Officer, Partner, Other.

Sang-Tae Kim
7. Contact Information for Person in 6 above.
Name: Sang-Tae Kim Title: Manager, Design-for-Environment/EHS -
Business Telephone: 650-554-2798 Email: sang-tae kim@lifetech.com
8. Number of Employees (California employees).
2908
9. NAICS Code(s) for this business: Primary: 325413 Other: Other:
10. ].Vano Chemical Business Type: (check X Manufacturer X Importer X Researcher
applicable)
PSECTION C: CERTIFICATION (FORTHIS COMPLETE SUBMIITAL)

T am fully authorized to prepare and submit this information, as a formal response to the request pursuant to Health and
Safety Code section 57019(d)(1), and certify the information and statements made herein, and in the attachments, are
correct to the best of my knowledge and belief.

Name: (type or print) Signature: Date:

Sang-Tae Kim é’“’ 7/ /_4' " | December 15, 2011
AN~ (L -

Page T of 12



Qdot® streptavidin conjugate

- SECTION D: NANOMATERIAL CHEMICAL AND PHYSICAL PROPERTIES (Atis

PRODUCT / PRODUCTION INFORMATION

NANQO CHEMICAL NAME: Qdot® streptavidin conjugate

COMMERCIAL NAME(S): Qdot® 525 streptavidin conjugate *1 uM solutions*; Qdot® 565 streptavidin conjugate
*1 pM solutions®; Qdot® 585 streptavidin conjugate *1 uM solutions*®; Qdot® streptavidin conjugate *1 pM
solutions*; Qdot® streptavidin conjugate *1 uM solutions™; Qdot® 655 streptavidin conjugate *1 pM solutions™;
Qdot® 705 streptavidin conjugate *1 uM solutions*; Qdot® 800 streptavidin conjugate *1 pM solutions*; Qdot®
Streptavidin Sampler Kit *1 uM solutions*; Qdot® 705 streptavidin *2 uM solution* *Custom™*

ANNUAL PRODUCTION VOLUME: Total annual production is 1,416 grams. Quantity shipped to California is
0.1261 gram.

PRODUCTION METHOD(S): Core and core-sheli nanoparticles are produced using common colloidal synthesis
techniques. Some examples may be found in the following patents: 6,322,901; 6,815,064; 7,147,712 7,695,642, Some
examples of methods for applying the amphiphilic coating to these particles to render them water soluble may be found
in the following patent 6,649,138,

IDENTIFICAITON OF THE SUPPLIER(S): Life Technologies is th

roducer and supplier of these products.

PHYSICAL PROPERTIES

SHAPE (MORPHOLOGY) The morphology of a nanoparticle is most commonly
measured by transmition electron microscopy (TEM) since
it is the only analytical technique with resolution sufficient
to resolve the fine features of a nanoparticle. This
technique is limited, however, since it is most sensitive to
electron dense elements of the nanoparticle like cadmium,
zinc and selenium and virtually insensitive to lighter
elements like carbon, hydrogen, oxygen and nitrogen. This
means that shape and morphology information is not
available for nanoparticles that comprise organic coatings.
In other words, TEM can only give you information about
the nanocrystal within a nanoparticle. TEM is further
limited by the fact that the data acquired is only a two
dimensional projection of the three dimensional shape.
Therefore to calculate the volume or surface area, a three
dimensional shape must be assumed. The size of the
nanopatticle (nanocrystal and organic ligands) can be
measured by size exclusion chromatography (SEC) but this
technique does not have the resolution to provide
morphology information.

DENSITY The density of these materials has not been measured

SURFACE AREA Since we cannot measure the morphology of Qdot®
streptavidin conjugate nanoparticles, we cannot calculate
the surface area. If we approximate the morphology as a
sphere and use the SEC sizing data, we ¢an calculatc a
spherical surface area.

Air To the best of our knowledge, no technique is currently
available

Liquid Dynamic light scattering can give particle size distribution
data, however, several complications exist in interpreting
the data. Some of those caveats include, (1) since quantum
dots have broad absorbance, any color that emits at longer
wavelengths than the laser will absorb some of the laser
light and make interpretation of the data nearly impossible,
(2} large particles scatter much more efficiently than
smaller particles making detection of small particle
populations difficult.

PARTICLE SIZE
DISTRIBUTION

Solid/ To the best of our knowledge, no technique is currently
Powder available

OTHER (SPECIFY)

CHEMICAL PROPERTIES
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CHEMICAL COMPOSITION

The inorganic portion of the nanoparticles (nanocrystal) is
composed of cadmium, selenium, zinc and sulfur. Two of
our nanocrystal products (Qdot 705 and 800) additionally
contain tellurium. The exact composition of the ligand
shell is unknown but NMR has revealed that it is mostly
composed of tetradecylphophonic acid (TDPA) and/or
other phosphorus-containing species. The polymer coating
is an amphipilic molecule that is associated with the
nanopatticle and provides water solubility. The
polyethylene glycol (PEG) coating is attached to the
polymer coating through amide bonds created by reacting
amine-functional PEG molecules with carbodiimide (e.g.,
1-Ethyl-3-[3-dimethylaminopropyt]carbodiimide
hydrochloride) activated carboxylate groups on the
polymer coating. The particle surface is then made amine
reactive by reacting a homobifunctional crosslinker (e.g.,
Bis[sulfosuccinimidyl] suberate) to residual amine
functional groups on the terminal ends of the PEG
molecules. The crosslinker is attached to the quantum dot
through an amide bond. Lastly, the amine reactive
quantum dots are incubated with streptavidin. Amide
bonds are formed between the quantum dot and
streptavidin.

The chemical
composition of this
polymer is best
described in Patent
Number 6,649,138

SURFACE MODIFICATION
(COATING,
FUNCTIONALIZATION)

The outer surface contains an amphipilic polymer,
polyethylene glycol and stroptavidin,

The process of
applying this
polymer to the
nanoparticles is best
described in patent
number 6,649,138.

PURITY

Purity is essential for our products. We have most
routinely use SEC to detect and measure impuyrities. Some
of these impurities include aggregated nanoparticles, free
{unbound) amphiphilic polymer, and other nanoparticle
impurities.

SURFACE CHARGE

We routinely perform gel electrophoresis to confirm the
charge of a particle but we do not quantitate it in terms of
charge density.

Air

We do not handle air dispersions in our operations or R&D

Liquid

DISPERSION

Presence of aggregated particles is routinely measured by
SEC chromatography. In fact, all of our preducts and
water soluble intermediates have specifications around the
percentage of these soluble aggregates present in the
solution.

Solid

We do not handle the materials in the solid form, butas a
liquid dispersion.

IDENTIFYING AND
DETERMINING
CONCENTRATION OF NANO
CHEMCIAL, ITS
METABOLITES, AND
DEGRADATION PRODUCTS
IN SPECIFIED MATRICS
{Watcr, Air, Soil, Sediment,
Sludge, Chemical Waste, Fish,

Determining the exact concentration of nanoparticles in
any matrix is difficult because routine nanoparticle
counting techniques do not currently exist. The most
common method for determining the concentration of
quantum dots is to measure the optical absorbance in
solution at a concentration where Beer's law is operative
and calculate the concentration using an estimated
extinction coefficient for the material,

A example ofa
common technique
for estimating the
extinction
coeflicient for
quantum dot can be
found in this
reference (Chem.
Mater. 2003, 15,

Bicod, Adipose Tissue, Urine, 2854-2860)
Other)
SOLUBILITY | Water Soluble/miscible in water. These products are sold at a

Solubility concentration of 1 micromolar which is in the range of

0.06 mg/mL to 1 mg/mL depending on the color.

Solubiiity in Not soluble/miscible in organic solvent

Organic

Solvent
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Qdot® streptavidin conjugate

N-OCTANOL-WATER

We have not measured this parameter.

PARTITION COEFFICIENT

STABILITY Flammability | These nanoparticle products are sold as dilute (1 pM or
AND approximately 0.06 mg to 1 mg/mL) aqueous solutions and
REACTIVITY arc therefore classified with a HMIS flammability rating of

0 (same as water).

Explosiveness

‘These products do not pose an explosion hazard. This
conclusion is partially based on thermogravimetric analysis
{TGA) of our ITK organic quantum dots. TGA shows that
no weight loss occurs until about 300 °C. At around 300
°C the particles lose about 10 - 20 % of their mass, This
temperature coincides with the boiling point of the organic
ligands used in the synthesis of guantym dots, No other
weight loss is observed up to a temperature of 650 °C.

Oxidizing These products are not strong oxidizing agents.

Properties

Oxidation These products are not strong reducing agents,

Reduction

Potential

Storage These products are stable in a variety of confainer

Stability and | materials including, glass and plastic. The product is

Reactivity packaged and shipped in polypropylene vials.

{Container

Material)

Stability to These products are stable, meaning that they will work for | Reference -
Thermal, their intended purpose, to multiple rounds of freezing and | Cytometry Part A,
Sunlight, and | thawing and moderately high temperatures (0 °C to 37 °C). | 79A: 84 89, 2011
Metal(s) These products are stable and will work for their intended

purpose with moderate sunlight exposure. Some metals
will quench the florescence from these particles.
Particularly copper (II) and iron (HI).
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Qdot® streptavidin conjugate

Life Technologies” Medical Surveillance and Monitoring Plan requires a bi-annual monitoring of blood and uring
samples as well as an annual physical examination of employees who are involved in manufacturing of quantum dots.
No cadmium was detectable from either blood or urine samples, when analyzed with the use of Inductively Coupled
Plasma/Mass Spectrometry (ICP-MS) (see hitp/www.aruplab, com/guides/ug/lests/0025040.jsp for detailed
information on sampling and analysis methodology). '

We have not determined the identity and concentration of Qdot® streptavidin conjugate in environmental matrix
including air, soil, sediment, sludge, chemical waste, fish, and adipose tissue,

Page5of 12
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ATTACHMENT 1

MATERIAL SAFETY DATA SHEET
(Sample)
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Qdot® streptavidin conjugate

,&f{é SAFETY DATA SHEET

H
H

Identification of the substance/preparation

Product code QG10541MP
Product name Qedod® 525 strepiavidin conjugate

Company/Undertaking ldentification

Life Technologies INVITROGEN CORPORATION
5791 VAN ALLEN WaAY 5250 MAINWAY DRIVE
PO BOX 6482 BURLINGTON, ONT
CARLSBAD, CA 892008 CANADA L7TL 6A4
+1 760 603 7200 BB0I263-6236
24 hour Emergency Response {Transport): 866-536-0631
301-431-8585

Quiside of the U.S. +1-301-431-8585

For research use only. Not intended for human or animal diagnostic or therapeutic uses.

Revision Date 15-Dec-2011 Page /0
Product eode CHO T4 1P Product name Qudoi® 525 streptavidin conjugate

wwi lifetechnologies.com
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Qdot® streptavidin conjugate

GHS - Classification

Signal Word
not hazardous

Health Hazard
not hazardous

i Physical Hazards
j not hazardous

Principle Routes of Exposure/
Potential Health effects

Eyes May cause eve imitation with susceptible persons,
Skin May cause skin imitation in susceptible persons.
Inhalation May be hamiful by inhalation.
Ingestion May he hamitul if swallowed.
Specific effects
Carcinogenic effects none
Mutagenic effects none
Reproductive toxicity nene
Sensitization none
Target Organ Effects No known effects under normal use conditions.
HMIS
Health 0
Flammability 4]
Reachivity 0

Sodium azade J8678-22-8 247- 852-1 3
The proguct containg no substences which at their given concentration, are considered to be hazardous to health.
Sodium azide may react with lead and copper plumbing to form highly explosive metal azides. We recommend
handling all chemicals with caution.

Roevision Date 15-Des-301 Page 2/5
Product code QiGiaiMP Product name Qdol® 525 streplavidin oongwgaﬁe

www,lifetechnolugies com
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Qdot® streptavidin conjugate

Skin contact Rinse with plenty of water. ¥ symplome arise, call a physician.

Eye contact Rinse immediately with plenty of water, alzo under the eyelids, for &t least 15
minutes. if symptoms persist, call a physician.

Ingestion Never give anything by mouth to an unconscious person. if symptoms persiat, calf
a physician. Do not induce vomiting without medical advice.

Inhalation Move fo fresh air. If symptoma persist, call a physician. i not breathing, give

) artificial respiration.
Notes to physician Treat symplomatically.

Suitable extinguishing medis Water spray. Carbon dioxide (CO2). Foam. Dry chemical.

Special protective equipment for firefighters Wear self~contained breathing apparatus and proteclive
suit

Personal precawtions Use personal protective equipment.
Methods for cleaning up Soak up with inert absorbent material.

Environmental precautions

Prevent further leakage or spillege if safe (o do s0.

See Section 12 for additional information.

Handling Ahvaye wear reccommended Personal Protective Equipment. No special handhing
advice required.
Storage Keep in a dry, cool and welkventilated place.

Exposure fimits

At this time, the limited evidence available suggests caution when potential exposures ic nanoparticies may ocou.
Due to the iimited information about health risks from nanomaterials, it is prudent to take steps for minimizing
worker exposures. Research is stilf needed {o understand the impact of nanetechnology on health, and to
determing appropriate exposure moniloring and control strategies.

Engineering measures Ensure adequate ventilation, especially in confined areas.

Personal protective equipment

Respiratery protection In case of insufficient ventilation weer suitable respiratory equipment.

Hand protection irnpervicus gloves.

Eye protection Safety glasses with side-shields.

Skin and body protection,  Lightweight protective ciothing.

Hygiens measures Handie in accordance with good industrial hygiene and safety practice.
Revision Date 16-Dec-2011 Pape 2/8
Product ende CHO 4P Product name Gdot® 525 streptavidin conjugate

www.ifetechnologies com
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Qdot® streptavidin conjugate

Environmental exposure Prevent product from entering drains.

controls

,f General Information

Form suspension

Appearance fiquid

Odor No information available

Boiling Point/Range *C no data avallable °F no data available
Melting pointrange °C nodata available °F no data available
Flash point *C no data available °F no data available
Autoignition temperature *C no data avajlable °F no date available
Oxidizing properties No information avsilable.

Water soiubifity sojuble

Stability Stable under normal conditions.

Materials to avoid Ne dangerous reaction known under conditions of normat use. Sodium azide may
react with lead and copper plumbing to form highly explosive metal azides.

Hazardous decomposition None under nomal use :

products

polymerization HMazardous poiymerisation does not occur.

Acute foxicity

At this tme, the limited evidence available suggests caution when potenlial exposunes to nanoparticles may occur.
Cue to the Bmited information about health risks frem nanomaterialg, i is prudent to fake steps Tor minimizing
worker exposures. Qccupations! health risks associated with manufacturing and using nanomaterials are not yet
cleary understood. Studies have indicated that fow solubiliy nanoparticles are more foxic than larger particies on
a mass for mass bagis. There are sirong indications that particle surface area and surface chemistry are
responasible for observed responses in cell cultures and animals. There are indications that nanoparticles can
penairate through the skin or move from the respiratory system to other organs.

Sodumazide

Principie Routes of Exposuref
Potential Health effects

Eyves May cause eye iritation with susceptible persons.

Skin May cause skin iritation in susceptible persons.

Inhalation May be hamful by inhatation.

Ingestion May be hamiful if swallowed.

Carcinogenic effects nopa

Mutagenic effects none

Reproductive toxicity ione

Sensitization none
Revision Date 15-Dec-2011 Page 4706
Product eade Gigt4ip Product name Cdot® 525 streptavidin conjugate

www lifetechnologies com
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Qdot® streptavidin conjugate

TFarget Organ Effects No known effects under nomial use conditions.

Ecotoxicity effects No information available.
Mobility No information available.
Biedegradation Inherently bicdegradable
Bioaccumuiation Does notf bisaccumulate.

Dispose of in accordance with local regulations.

1ATA

Proper shipping name Not classified as dangerous in the meaning of trensport regulations

Hazard class none

Subsidiary Class none

Packing group none

UN-No None
Revision Date 15-Dec-2311 Page 518
Product code QGIH4IMP Product name Qdot® 525 streplavidin conjugate

wiww.lifetechnologies com
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Qdot® streptavidin conjugate

Suodium azide
26628-22-8 {<0.1)

g

U.8. Federal Hegulations

SARA 313

This praduct cantains the following toxic chemical{s) subject to the notification requirements of section 313 of Title I of the
Superfund Amendments and Reauthorization Act of 1880, This law requires serfain manufacturers to report on annual emissions of
specified chemicals and chemical categories. Flease noie that if you repackage. or olherwise redistribute, this product to indusirial
customers. a nolice similar to this one should be sent te those customers:

Chemical Name CAS-No Waight % S$ARA 313 Threshold Values
Sodium azide 25628-22-5 <0.1 18

Clean Air Act, Section 112 Hazardous Air Pollutants {HAPS) (see 40 CFR 61}
This product does pot contains HAPs.

L. 8, State Regulations

F— S UREI & s =RT B s 4 ; e s

California Proposition 65
This product does not contain chemicals fisted under Proposition 65

WHMIS hazard class:
Nan-controlled

This product bas been dassified according to the hazard criteria of the CPR and the M5DS contains a1 of the information reguired by the GPR

Reason for Revision (MSOS seclions updated.
For research use oniy. Not intended Jor human or animal diggnoestic or therapeutic uses.

Heferences

* Nalionat Instilute for Occupalional Safety and Health (MIOSH}, U.S,, 201D;
hitp:ffwww cde.govinioshitopicsmanotech/

« National Institute for Oecupational Safety and Heaith (NIOSH), U.5., 2008
hitp:ifwww . cde . goviniosh/docs/2009-125/pdis/2009-125 pdf

The ahove information was acquired by diligent search andfor investigation and the recommendations are based on
prudent application of profeesional judgment. The information shall not be taken ae being all inclusive and is fo be
used only aa a guide. All materials and mixtures may present unkown hazards and should he used with caution.
Since the Company cannot control the actual metheds, volumes, or conditions of use, the Company shall not be held
liable for any damages or losses resulling from the handling or from contact with the product as described herein.
THE INFORMATION IN THIS M5DS DOES NOT CONSTITUTE A WARRENTY, EXPRESSED CR IMPLIED,
INCLUDING ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITHNESS FOR ANY PARTICULAR PUPDSE.

End of Safety Data Sheet

Revision Date 15-Dec-2011 Page &6
Product code Giioidime Product name Gdot® 525 streplavidin conjugate

www Jifetechnologies.com

Page 12 of 12







WesternDot™ Western Blot Kit

STATE OF CALIFORNIA
Department of Toxic Substances Control

Health and Safety Code Section 57419 Chemical Information Call-in Information
For Nanemetals, Nanometal Oxides, and Quantum Dots
December 2010

This enclosure is provided for your convenience. You may provide the requested information in writing, and attaching
any supplementary materials or explanatory information, in letter or report form,

- SECTION A: CHEMICAL(S) (Check éach one which applies for yout company)

1 Nano Silver 1 Nano Titanium Dioxide 1 Nano Cerium Oxide

3 Nano Zero Valent Iron (1 Nano Zinc Oxide X Quantum Dot(s)

- SECTION B: BUSINESS IDENTIFICATION INFORMATION (check one and complete [ = 10)
7 Sole Owner X Corporation 0 Limited Liability | 0 Limited Liability | O Unincorporated
Company (LLC) Partnership (LLP) Business Trust
0 Spouses’ 1 Registered O General i1 Limited 1 Other: (describe)
Co-ownership Domestic Partnership | Partnership Partnership

1. Name of Sole Owner, Corporation, Partnership, Institute, Other,
Life Technologies Corporation

2. Business Trade Name (“Doing Business As,” if any)
None

3. Business Address (physical location of your business: street number and name, city, state, country, zip or postal
code)
5791 Van Allen Way, Carlsbad, California 92008, USA

4. Mailing Address (streel name and mmnber, P.O. box, city, state, country, zip or postal code, if different from 3)
The Same as Above

5. Business Website Address(es):
htspe/Awww. lifetechnologies.com

6. Name of Owner, Responsible Corporate Officer, Pariner, Other.
Sang-Tae Kim

7. Contact Information for Person in 6 above.

Name: Sang-Tae Kim Title: Manager, Design-for-Environment/EHS

Business Telephone: 650-554-2798 Email: sang-tac.kim@lifetech.com

8. Number of Employees (California employees).
2908

9. NAICS Code(s) for this business: Primary: 325413 Other: Other:

). Nano Chemical Business Type: (check
applicable)

X Manufacturer X Importer X Researcher

SECTION C: CERTIFICATION (FOR THIS. COMPLETE SUBMITTAL

I am fully authorized to prepare and submit this information, as a formal response to the request pursuant to Health and
Safety Code section 57019(d)(1), and certify the information and statements made herein, and in the attachments, are
correct to the best of my knowledge and belief.

Name: (type or print) Signature: Date:

Sang-Tae Kim é/’i/b éj rﬁ {éfyﬁ;/\ December 15, 2011
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WesternDot™ Western Blot Kit

 SECTIOND: NANOMATERIAL CHEMICAL AND PHYSICAT, PROPERTIES (Atiach additional pages & needed)
PRODUCT / PRODUCTION INFORMATION

NANO CHEMICAL NAME: WesternDot™" Western Blot Kit

COMMERCIAL NAME(S}: WesternDot " 625 Goat Anti-Mouse Western Biot Kit; WesternDot ™ 625 Goat Anti-
Rabhit Western Blot Kit

ANNUAL PRODUCTION VOLUME: Total annual production is 0.429 grams. Quantity shipped to California is
0.011 grams.

PRODUCTION METHOD(S): Core and core-shell nanoparticles are produced using common colloidal synthesis
techniques. Some examples may be found in the following patents: 6,322,901; 6,815,064; 7,147,712; 7,695,642. Some
examples of methods for applying the amphiphilic coating to these particles to render them water soluble may be found
in the following patent 6,649,138,

PHYSICAL PROPERTIES

SHAPE (MORPHOLOGY) The morphology of a nanopatticle is most commonly
measured by transmition electron microscopy (TEM) since
it is the only analytical technique with resolution sufficient
to resolve the fine featurcs of a nanoparticle. This
technique is limited, however, since it is most sensitive to
electron dense elements of the nanoparticle like cadmium,
zinc and selenium and virtually insensitive to Hghter
elements like carbon, hydrogen, oxygen and nitrogen, This
means that shape and morphology information is not
available for nanoparticles that comprise organic coatings.
In other words, TEM can only give you information about
the nanocrystal within a nanoparticle. TEM is further
limited by the fact that the data acquired is only a two
dimensional projection of the three dimensional shape.
Therefore to calculate the volume or surface area, a three
dimensional shape must be assumed. The size of the
nanoparticle (nanocrystal and organic ligands) can be
measured by size exclusion chromatography (SEC) but this
technique does not have the resolution to provide
morphology information.

DENSITY The density of these materials has not been measured

SURFACE AREA Since we cannot measure the morphology of
WesternDot ™ Western Blot Kit nanoparticles, we cannot
calculate the surface area. If we approximate the
morphology as a sphere and use the SEC sizing data, we
can calculate a spherical surface area.

Air To the best of our knowledge, no technique is currently
available

Liquid Dynamic light scattering can give particle size distribution
data, however, several complications exist in interpreting
the data. Some of those caveats include, (1) since quantum
dots have broad absorbance, any color that emits at longer
wavelengths than the laser will absorb some of the laser
light and make interpretation of the data nearly impossible,
{2) large particles scatter much more efficiently than
smaller particles making detection of small particle
populations difficult.

Solid/ To the best of our knowledge, no technique is currently
Powder available

PARTICLE SIZE
DISTRIBUTION

OTHER (SPECIFY)

CHEMICAL PROPERTIES

CHEMICAL COMPOSITION The inorganic portion of the nanoparticles (nanccrystal) is | The chetmical
composed of cadmium, selenium, zinc and sulfur. The composition of this

exact composition of the ligand shell is unknown but NMR { polymer is best

'
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WesternDot™ Western Blot Kit

has revealed that it is mostly composed of
tetradecylphophonic acid (TDPA) and/or other
phosphorus-containing species. The polymer coating is an
amphipilic molecule that is associated with the
nanoparticle and provides water solubility. The
polyethylene glycol (PEG) coating is attached to the
polymer coating through amide bonds created by reacting
amine-functional PEG molecules with carbodiimide (e.g.,
1-Ethyl-3-[3-dimethylaminopropyljcarbodiimide
hydrochloride) activated carboxylate groups on the
polymer coating. The particle surface is then made amine
reactive by reacting a homobifunctional crosslinker {e.g.,
Bis[sulfosuccinimidyl] suberate) to residual amine
functional groups on the terminal ends of the PEG
molecules. The crosslinker is attached to the quantum dot
through an amide bond. Lastly, the amine reactive
quantum dots are incubated with streptavidin. Amide
bonds are formed between the quantum dot and
streptavidin,

described in Patent
Number 6,649,138

SURFACE MODIFICATION
(COATING,
FUNCTIONALIZATION)

The outer surface contains an amphipilic polymer,
polyethylene glycol and streptavidin,

The process of
applying this
polymer to the
nanoparticles is best
described in patent
number 6,649,138,

PURITY

Purity is essential for our products. We have most
routinety use SEC to detect and measure impurities. Some
of those impurities include aggregated nanoparticles, free
(unbound) amphiphilic polymer, and other nanoparticle
impurities.

SURFACE CHARGE

We routinely perform gel elecirophoresis to confirm the
charge of a particle but we do not quantitate it in ferms of
charge density.

Air

We do not handle air dispersions in our operations or R&D

Tiquid

DISPERSION

Presence of aggregated patticles is routinely measured by
SEC chromatography. In fact, all of our products and
water soluble intermediates have specifications around the
percentage of these soluble aggregates present in the
solution. :

Solid

We do not handle the materials in the solid form, but as a
liquid dispersion.

IDENTIFYING AND
DETERMINING
CONCENTRATION OF NANO
CHEMCIAL, ITS
METABOLITES, AND

Determining the exact concentration of nanoparticles in
any mairix is difficult because routine nanoparticle
counting techniques do not currently exist. The most
common method for determining the concentration of
quantum dots is to measure the optical absorbance in

Aexample of a
common technique
for estimating the
extinction
coetficient for

DEGRADATION PRODUCTS solution at a concentration where Beer's law is operative’ quantum dot can be
IN SPECIFIED MATRICS and calculate the concentration using an estimated found in this
(Water, Air, Soil, Sediment, extinction coefficient for the material. reference (Chem.
Sludge, Chemical Waste, Fish, Mater. 2003, 15,
Blood, Adipose Tissue, Urine, 2854-2860)
Other)
SOLUBILITY | Water Soluble/miscible in water. These products are sold ata

Solubility concentration of 1 micromolar which is in the range of

.06 mg/mL to 1 mg/mL depending on the color,

Solybility in | Not soluble/miscible in organic solvent

Organic

Solvent
N-OCTANOL-WATER We have not measured this parameter.
PARTITION COEFFICIENT

STABILITY | Flammability

These nanoparticle products are sold as dilute {1 pM or
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WesternDot™ Western Blot Kit

AND
REACTIVITY

approximately 0.06 mg to 1 mg/mL) aqueous solutions and
are therefore classified with a HMIS flammability rating of
0 (same as water).

Explosiveness | These products do not pose an explosion hazard, This
conclusion is partially based on thermogravimetric analysis
(TGA) of our ITK. organic quantum dots, TGA shows that
no weight loss occurs until about 300 °C. At around 300
°C the particles lose about 10 - 20 % of their mass. This
temperature coincides with the boiling point of the organic
ligands used in the synthesis of quantum dots. No other
weight loss is observed up to a temperature of 650 °C,
Oxidizing These products are not strong oxidizing agents,
Properties
Oxidation These products are not strong reducing agents.
Reduction
Potential
Storage These products are stable in a variety of container
Stability and | materials including, glass and plastic. The product is
Reactivity packaged and shipped in polypropylene vials.
{Container
Material)
Stability to These products are stable, meaning that they will work for | Reference -
Thermal, their intended purpose, to multiple rounds of freezing and | Cytometry Part A,
Sunlight, and | thawing and moderately high temperatures (0 °C to 37 °C). | 79A: 84 89, 2011
Metal(s) These products are stable and will work for their intended

purpose with moderate sunlight exposure. Some metals
will quench the florescence from these particles.
Particularly copper (IT) and iron (HI).

Page 4 of 12




WesternDot™ Western Blot Kit

;;i"prepa - one;
Attached is current SDS/Material Safety Data Sheet (MSDS). See Attachment 1

Life Technologies’ Medical Surveillance and Monitoring Plar requires a bi-annual monitoring of blood and urine
samples as well as an annual physical examination of employees who are involved in manufacturing of quantum dots.
No cadimium was detectable from either blood or urine samples, when analyzed with the use of Inductively Coupled
Plasma/Mass Spectrometry (ICP-MS) (see http://www.aruplab.com/guides/ug/tests/0025040. jsp for detailed
information on sampling and analysis methodology).

We have not determined the identity and concentration of WesternDot™ Western Blot Kit nanocrystals in
environmental matrix including air, soil, sediment, sludge, chemical waste, fish, and adipose tissue.
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ATTACHMENT 1

MATERIAL SAFETY DATA SHEET
(Sample)
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WesternDot™ Western Blot Kit

fi{% SAFETY DATA SHEET

ldentification of the substance/preparation

Product code WA IZCOMPONENTC
Product name Bictin-X X Goat Arti-Mouse [gG {H+L) *2 mgfml*

Company/Undertaking tdentification

! Life Technologies INVITROGEN CORPORATION

b

: 5791 VAN ALLEN WAY 5250 MAINWAY DRIVE
PO BOX 8482 BURLINGTON, ONT
CARLSBAD, CA 92008 CANADAS L7L 6A4
+1 760 603 7200 800/263-6236
24 hour Emergency Response (Transport): 8466-536-0631

301-431-8585
Qutside of the U.5. +1-301-431-8585

For research uze only. Not intended for human or animal diagnostic or therapeutic uses.

Revision Date 28-Nov-2011 Page 1/8
Product code WiD122COMPONENTC Product name Biotin-XX Goet Anti-Mpuse IgG (H+L) "2 mgiml”

vrorw lifetechnologies com
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WesternDot ™ Western Blot Kit

GHS - Classification

Signal Word
not hazardous

Health Hazard
not hazardous

Physical Hazards
not hazardous

Principle Rowdes of Exposuref
Potential Health effects

Eyes

Skin

Inhalation

Ingestion

Specific effects

May cause eye imitation with susceptible persens.
May cause skin imitation in susceptible persons.
May be hamtul by inhalation.

May he hamiul if swallowed,

Carcinogesic effecis none.
Mutagenic effects none.
Reproductive toxicity nene.
Sensitization none
Target Crgan Effects No known effects under nommal use conditions
HMIS
__Health ]
Flammability a
Reachivity Q

The product containg no substances which af their given concentration, are considered to be hazarmous fo heafih. We
recommend handling all chemicals with caution.

Revision Date 20-Now- 2011

Page 2/8
Prodeuct code WHHRZCOMBPONENTG Product name Biotin-XX Goat Anti-Mouse 196 k) "2 mgiml”

wwrw lifetec inologies com
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WesternDot™ Western Blot Kit

Skin contact Rinse with plenty of water. If symploms anse, cofl @ physician.

Eye contact Rinse immediately with plenty of waler, also under the eyelids, for at least 15
minites. If sympltoms persist, call a physician.

Ingestion HNever give anything by mouth to an unconscious person. If symptoms persist, call
a physician. 0o not induce vomiBng without medical advice.

Inhalation love to fresh air. IF symptoms persist, call a physician. if not breathing, give
artificial respiration.

Motes to physician Treat symptomatically.

: e

Suitable extinguishing media Water spray. Carbon dioxide {CO2). Foam. Dry chemical,

Special pratective equipment for firefighters Waear self-contained hreathing apparaius and pratective
suil

ki i SE e an
Personal precastions Use personal protechive equipment.
Methods for cleaning up Soak up with inert absorbent matenial.

Envirenmental precawtions

Prevent further leakage or spillage if safe to do so.

See Jection 12 for additional infermation.

Handling Always wear receommandad Personat Protective Equipment. No special handling

advice required.
Sterage Keep in a dry, cool and well-ventiiated place.

Expostre limitg

Engineering measures Ensure adeqguate ventilation, especially in confined areas.

Perzonal protective equipment

Respiratory profection In case of insufficient ventitation wear gsutable respiratory equipment.
Hand protection Impervious gloves.
Eye protection Safety glasses with side-shields.
Skin and body protection.  Lightweight protective clothing.
Hygiene measures Handie in accordance with good industrial hygiene and safety practice.
Environmental exposwie Prevent product from entering drains.
controis

Revision Date  28-Wov-2011 Fage 3t4
Prodocteode  WI0122COMPONENTC Product name Biotin-XX Goat Arti-Mouse 16 [H+L3"2 mgimt*

wmw lifetechnologies com
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WesternDot™ Western Blot Kit

| General Information

Form ligusd

: Appearance No informnation available

! OCdor No mformation available
Boiling PointiRange °C no dats available °F no dats available
Helting point/range °C no data available F no dala available
Flash point *C no datz available °F nb daty availabie
Autoignition temperature °C no data available °F no dala available
Dxidizing properties No mformation available.
Water solubifity soluble
pH VALUE 75

Stability Siable under nomal conditions.

Materials to avoid No dangerous reaction known under conditions of normat use.
Hazardous decomposition None under normal use

produacts

polymerization Hazardowus polymerisation does not occur.

Acute toxici
GOt tinhalation rathnnice)
Principle Routes of Exposure/
Potential Health effects
Eyes May cause eye irifation with susceptible persons.
Skin May cause skin imitaion in susceptible persons.
Inhalation May ke hammahal by inhalation.
Ingestion May be hamful if swalowed.
Carcinogenic effects nene
Mutagenic effects none
Reproductive toxicity none
Sensitization nene
Target Organ Effects No known effects under normal use condifions

Ecotoxicity effecis No information available.

Mobility Na information available_

Biodegradation inherenily biodegradable

Revision Date 28-Mov-2011 Page 416

Produet sotde W AZCOMFONENTD Produet rame Biotin-XX, Goat Ant-Mouse 3gG (H+L) "2 mgiml*
warw Jifetechnologies com
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WesternDot ™ Western Blot Kit

Bioaccumwlation Doss not bicaccumulate.

Dispose of in aceordanct with loeal regulations.

1ATA
Proper shipping name Not clazsified az dangerous in the meaning of transpert regulations
Hazard class nene
Swubsidiary Class none
Packing groap none
UN-No None

Z0020-22-8 { <01}

U5, Federal Regulations

SARA 312 )

This product cuntains the following toxic chemnical{s) subjest to the notification requirernents of section 313 of Titke H of the
Superfund Amendments and Reauthorization Act of 1086 This law requires cerntain manufacturers to report on annual emissions of
specified chemicals and chemigal categories, Plaase note thal if you repackage, or otherwise redisttibute, this product bo induestrial
customers, a notice similar to this one should be sant 1o those cuslomers:

Chemical Name CAS-No Weight % SARA 313 . Thresheld Values
Sodium azide 26028-22-8 =1 10

Clean Air Act, Section 112 Hazardous Air Polivtants (HAPs) (see 40 CFR 61)

This product does not contains HAPs.

1. 5. State Regulations

Cafifornia Proposition 65
This product does not contain chemicals isted under Proposition 65

WHMIS hazard class:
Nan-controlled

This product has been dassfied acconding to the hazard criteria of the CPR and the MSDS contams all of the infrmation required by the CPR

Reason for Revision {M)BDS sautions updated.

Revision Date 28-Nov-2011 Fage 58
Frodect eode WIO1I2COMPOMENTC Product name Biotin- XX Goat Anti-Mouse IgG (H+L) *2 mgimL*

www lifetechnologies. com
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WesternDot™ Western Blot Kit

For research uzse only. Not intended for human or animal diagnostic or therapeutic uses.

The above information was aequired by diligent search and/or investigation and the recommendations are based on
prudent application of professional judgment. The information ghall not be taken as being &l inclusive and is th be
used only ae a guide. All materials and mixiures may present unkown hazards and should be used with caution.
Since the Company cannot control the actual methods, volumes, or conditions of use, the Company shall not be heid
liable far any damages or losses resuiting from the handling or from contact with the product as described herein.
THE INFORMATION IN THIS MSDS DOES NOT CONSTITUTE A WARRENTY, EXPRESSED OR IMPLIED,
INCLUDING ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PUPOSE.

End of Safety Data Shest

Revision Date 29-Now-201% Page 6/6
Product code WiDI32COMPONENTC Product name Biotin-XX Goat Anti-Mouse IgG [H+L) ‘2 mg/inL"

www.lifetechnologies.com
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Qtracker® Cell Labeling Kit

STATE OF CALIFORNIA
Department of Toxic Substances Conirol

Health and Safety Code Section 57019 Chemical Information Call-in Infermation
For Nanometals, Nanometal Oxides, and Quantum Dots
December 2010

This enclosure is provided for your convenience. You may provide the requested information in writing, and attaching
any supplementary materials or explanatory information, in letter or report form.

B

. ] Nand S;lver

EI Nano Titanium D10x1de

1 Nano Cerium Oxide

[ Nano Zero Valent Iron

0 Nano Zing Oxide

X Quantum Dot(s)

_SECTION B: BUSINESS IDENTIFICATIO

0 Sole Owner X Corporation O Limited Llablilty To lelted Llabthty il Unincorporated

Company (LLC) Partnership (LLP) Business Trust
0 Spouses’ O Registered O General [0 Limited [1 Other: (describe)
Co-ownership Domestic Partnership | Partnership Partnership

. Name of Sole Owner, Corporation, Parinership, Institute, Other,
Life Technologies Corporation

2. Business Trade Name (“Doing Business As,” if any)
None

3. Business Address (physical location of your business: street number and name, city, state, country, zip or postal
code)
5791 Van Allen Way, Carlsbad, California 92008, USA

4. Mailing Address (street name and number, P.O. boy, city, state, country, zip or postal code, if different from 3)
The Same as Above

5. Business Website Address(es):
http:/fwww. lifetechnologies.com

6. Name of Owner, Responsible Corporate Officer, Partner, Other.
Sang-Tae Kim

7. Contact Information for Person in 6 above.

Name: Sang-Tae Kim Title: Manager, Design-for-Environment/EHS

Business Telephone: 650-554-2798 Email: sang-tae.kim@lifetech.com

8. Number of Employees (California employees).

2908

9. NAICS Code(s) for this business: Primary: 325413 Other: Qther:

10. Nano Chemical Business Type: (check X Manufacturer X Importer X Researcher
applicable)

Tam fully authori zed to pl‘epare ahd submit this inforinati.o.n as a formal response to the request pursuant to Health and ‘
Safety Code section 37019(d)(1), and certify the information and statements made herein, and in the attachments, are
correct to the best of my knowledge and belief.

Name: {type or print} Signature: Date:

Sang-Tae Kim 7‘ ) /Z\i j <r December 15, 2011
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Qtracker® Cell Labeling Kit

. SECTION D: NANOMATERIAL CHEMICAL AND PHYSICAE, PROPERTHES (Atiach additional pages

okl

PRODUCT / PRODUCTION INFORMATION

NANO CHEMICAL NAME: Qtracker® Cell Labeling Kit

COMMERCIAL NAME(S): Qtracker® 525 Cell Labeling Kit; Qtracker® 565 Cell Labeling Kit; Qtracker® 585 Cell
Labeling Kit; Qiracker® 605 Cell Labeling Kit; Qtracker® 625 Cell Labeling Kit; Qtracker® 655 Cell Labeling Kit;
Qtracker® 705 Cell Labeling Kit; Qtracker® 800 Cell Labeling Kit

ANNUAL PRODUCTION VOLUME: Total annual production is 0.988 gram. Quantity shipped to California is 0.031
gram.

PRODUCTION METHOD(S): Core and core-shell nanoparticles are produced using common colloidal synthesis
techniques. Some examples may be found in the following patents: 6,322,901, 6,815,064; 7,147,712; 7,695,642, Some
examples of methods for applying the amphiphilic coating to these particles to render them water soluble may be found
in the following patent 6,649,138.

IDENTIFICAITON OF THE SUPPLIER(S): Life Technologies is the producer and supplier of these preducts.

PHYSICAL PROPERTIES

SHAPE (MORPHOLOGY) The morphology of a nanoparticle is most commonly
measured by transmition electron microscopy (TEM) since
it is the only analytical technique with resolution sufficient
to resolve the fine features of a nanoparticle. This
technique is limited, however, since it is most sensitive to
electron dense elements of the nanoparticle like cadmium,
zinc and selenium and virtually insensitive to lighter
clerments like carbon, hydrogen, oxygen and nitrogen. This
means that shape and morphology information is not
available for nanoparticles that comprise organic coatings.
In other words, TEM can only give you information about
the nanocrystal within a nanoparticle. TEM is further
limited by the fact that the data acquired is only a two
dimensional projection of the three dimensional shape.
Therefore to calculate the volume or surface area, a three
dimensional shape must be assumed. The size of the
nanoparticle (nanocrystal and organic ligands) can be
measured by size exclusion chromatography (SEC) but this
technique does not have the resolution to provide
morphology informaticn.

DENSITY The density of these materials has not been measured

SURFACE AREA Since we cannot measure the morphology of Qtracker®
Cell Labeling Kit nanoparticles, we cannot calculate the
surface area. If we approximate the morphology as a
sphere and use the SEC sizing data, we can calculate a
spherical surface area.

Air To the best of our knowledge, no technique is currently
available

Liquid Dynamic light scattering can give particle size distribution
data, however, several complications exist in interpreting
the data. Some of those caveats include, (1) since quantum
dots have broad absorbance, any color that emits at longer
wavelengths than the laser wili absorb some of the laser
light and make interpretation of the data nearly impossible,
(2) large particles scatter much more efficiently than
smaller particles making detection of small particle
populations difficult.

PARTICLE SIZE
DISTRIBUTION

Solid/ To the best of our knowledge, no technique is currently
Powder available

OTHER (SPECIFY)}

CHEMICAL PROPERTIES

CHEMICAL COMPOSITION The inorganic portion of the nanoparticles (nanocrystal) is | The chemical
composed of cadmium, selenium, zinc and sulfur. Two of | composition of this

Page 2 of 11




Qtracker® Cell Labeling Kit

our nanocrystal products (Qdot 705 and 800) additionally
contain tellurium. The exact composition of the ligand
shell is unkpown but NMR has revealed that it is mostly
composed of tetradecylphophonic acid (TDPA) and/or
other phosphorus-containing species. The polymer coating
is an amphipilic molecule that is associated with the
nanoparticle and provides water solubility. Streptavidin is
incubated with carbodiimide (e.g., 1-Ethyl-3-[3-
dimethylaminopropyljcarbodiimide hydrochloride)
activated polymer coated quantum dots to allow amine
residues on streptividin to form amide bonds to the
polymer coating,

polymer is best
described in Patent
Number 6,649,138

SURFACE MODIFICATION
(COATING,
FUNCTIONALIZATION)

The outer surface contains an amphipilic polymer,
streptavidin.

The process of
applying this
polymer to the
nanoparticles is best
described in patent
number 6,649,138.

PURITY

Purity is essential for our products. We have most
routinely use SEC to detect and measure impurities. Some
of those impurities include aggregated nanoparticles, free
(unbound) amphiphilic polymer, and other nanoparticle
impurities.

SURFACE CHARGE

We routinely perform gel electrophoresis to confirm the
charge of a particle but we do not quantitate it in terms of
charge density.

Air

We do not handle air dispersions in our operations or R&D

Liquid

DISPERSION

Presence of aggregated particles is routinely measured by
SEC chromatography. In fact, all of our products and
water soluble intermediates have specifications around the
percentage of these soluble aggregates present in the
solution.

Solid

‘We do not handle the materials in the solid form, but as a
liquid dispersion.

IDENTIFYING AND
DETERMINING
CONCENTRATION OF NANQ
CHEMCIAL, ITS
METABOLITES, AND
DEGRADATION PRODUCTS
IN SPECIFIED MATRICS
(Water, Air, Soil, Sediment,
Sludge, Chemical Waste, Fish,

Determining the exact concentration of nanoparticles in
any matrix is difficult because routine nanoparticle
counting techniques do not currently exist. The most
comumon method for determining the concentration of
quantum dots is to measure the optical absorbance in
solution at a concentration where Beer's law is operative
and calculate the concentration using an estimated
extinction coefficient for the material.

A example of a
common technique
for estimating the
extinction
coefficient for
quantum dot can be
found in this
reference (Chem,
Mater. 2003, 15,

Blood, Adipose Tissue, Urine, 2854-2860)
Other)
SOLUBILITY | Water Soluble/miscible in water. These products are sold at a

Solubility

concentration of 4 micromolar which is in the range of
0.25 mg/mL to 4 mg/mL depending on the color.

Solubility in
Organic
Solvent

Not soluble/miscible in organic solvent

N-OCTANOL-WATER
PARTITION COEFFICIENT

We have not measured this parameter.

These nanoparticle products arc sold as dilute (4 uM or
approximately 0.25 mg to 4 mg/mL) aqueous solutions and
are therefore classified with a HMIS flammability rating of
() (same as water).

STABILITY Flammability
AND
REACTIVITY

Explosiveness

These products do not pose an explosion hazard. This
conclusion is partially based on thermogravimetric analysis
(TGA) of our ITK organic quantum dots, TGA shows that
no weight loss occurs until about 300 °C. At around 300

Page3 of 11




Qtracker® Cell Labeling Kit

°C the particles lose about 10 - 20 % of their mass. This
temperature coincides with the boiling point of the organic
ligands used in the synthesis of quantum dots. No other
weight loss is observed up to a temperature of 650 °C.

Oxidizing
Properties

These products are not strong oxidizing agents.

Oxidation
Reduction
Potential

These products are not sirong reducing agents.

Storage
Stability and
Reactivity
(Container
Material)

These products are stable in a variety of container
matetials including, glass and plastic. The product is
packaged and shipped in polypropylene vials,

Stability to
Thermal,
Sunlight, and
Metal(s)

These products are stable, meaning that they will work for
their intended purpose, to multiple rounds of freezing and
thawing and moderately high temperatures (0 °C to 37 °C).
These products are stable and will work for their intended
purpose with moderate sunlight exposure. Some metals
will quench the florescence from these particies.
Particularly copper (II) and iron (HI).

Reference -
Cytometry Part A,
T9A: 84 89,2011

pr
Att

~information req

Life Technologies’ Medical Surveillance and Mownitoring Plan requires a bi-annual monitoring of blood and urine
samples as well as an annual physical examination of employees who are involved in manufacturing of quantum dots,
No cadmium was detectable from either blood or urine samples, when analyzed with the use of Tnductively Coupled
Plasma/Mass Spectrometry (ICP-MS) {see hitp://www.aruplab.com/guides/ug/tests/0025040. jsp for detailed
information on sampling and analysis methodology).

We have not determined the identity and concentration of Qtracker® Cell Labeling Kit nanocrystals in environmental
matrix including air, soil, sediment, sludge, chemical waste, fish, and adipose tissue.
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Qtracker® Cell Labeling Kit

ATTACHMENT 1

MATERIAL SAFETY DATA SHEET
(Sample)
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Qtracker® Cell Labeling Kit

&'@ SAFETY DATA SHEET
sedvichagiey

ldentification of the substance/preparation

Product code Q2504 1MPCOMPONENTA
Product name Olracker® 5725

Company/Undertaking ldentification

i
-E
|

Life Technologies INVITROGEN CORPORATION
5791 VAN ALLEN wWAY 5250 MAINWAY DRIVE
PO BOX 6482 BURLINGTON, ONT
CARLSBAD, CA 92608 CAMNADA LTL £A4
+1 760 603 7200 S0{/263-6236
24 hour Emergency Response (Transport): 866-536-D631

301-431-B585

Cutside of the UGS, +1-304-431-8585
For research use only. Not intended for human or animat diagnostic or therapeutic uses,

Revision Date 29-Nov-2011 Page 1/6
Product code Q25041 MPCOMPONENTA Produst name Qirachert 525

www.lifetechnolagies.com
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Qtracker® Cell Labeling Kit

GHS - Classzification

Signal Word
not hazardous

Health Hazard
not hazardous

Phy=ical Hazards
not harardous

Principle Routes of Exposure/
Potential Health effects
Eyes May cause eye imitation with susceptible persons.
Skin Kiay cause skin imitation in susceptible persons.
Inhalation May be harmiul by nhalation.
Ingestion May be harmiul if swallowed.
Specific affects
Earcinogenic effecis none.
Kutagenic effects none.
Reproductive foxicity none.
Sensitization none
Target Organ Effects No known effects under nomal use conditons
HMIS
Health Q
Flammability 0
Reaclivily 0

The produet contains no substances which at their given concentration, are considered to be hazardous o health. We
recommend handling afl chemicals with caution.

Revision Date 20 Mow-2011 ‘Page 2/8
Product code G250 IMPCOMPONERTA Product name Cirackerflr 525

wrw ifetechnologies com
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Qtracker® Cell Labeling Kit

Skin confact Rinze with plenty of water. if symptoms arise, cal a physician.

Eye contact Rinse immediately with plenty of water, also under the ayelids, for at least 15
minutes. If symptoms persist, call a physician.

Ingestion Never give anything by mouth te an unconscious person._ If symptoms persist, call
a physician. Do not induce vomifing without medical advice.

Inhalation Move to freeh air. if gymptoms persist, call a physician. If not breathing, give
artificial respiration.

HNotes to physician Treat symptomatically.

Suitable extinguishing media Walter spray. Carbon dioxide {CO2). Foam. Dry chemical.

Special protective equipment for firefighters Wear seif-contained breathing apparatus and profective
suit,

Perzonal precautions Use personal protective equipment
Methads for cleaning upr Soak up with inert absorbent material.

Environmental precautions

Prevent further leakage or spillage if safe to do so.

See Section 12 for additional information.

il hd storege
Handling Aiways wear receommended Personal Protective Equipment. Mo special handiing

advice requirgd.
Storage Keep m a dry, ¢ool and well-ventilated place.

Exposure limits

At this time, the limited evidence available suggests cautinn when potential exposuras to nanopariicles may osour.
Due to the imited information about heaith risks from nanomaterials, it is prudent to take steps for minimizing
worker exposures. Research is sl needed o understand the impact of nanotechnology on health, and to
determine appropriate exposure menitoring and control slrategies.

Engineering measures Ensure adequate ventilation, especially in conned areas.

Personal protective equipment

Respiratory protection In case of insufficient ventilation wear sultable respiratory equipment.

Hand protection Impenrvious gloves.

Eye protection Safety glasses wilh side-shislds,

Skin and body protection.  Lightweight proteclive clothing.

Hygiene measures Handle in accordance with good industrisl hygiene and safety practice.
Revision Date 20002011 b, A A
Froduct code QIS IMPCOMPONENTA Produet name Otrackerdd 525
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Qtracker® Cell Labeling Kit

Environmental exposure Prevent product from entering drains.
controls

General Information

Form suspension

Appearance Fquid

Odor No information available

Boiling PointRange *C no dafa available °F no data avalabde
Melting point/range °C no daka available °F no data avallabie
Flash point *C no data available F no data avallabie
Autcignition temperature °C no data available °F no daia available
Cxidizing properiies No nformation available.

Water solubility soluble

pH VALUE 83

Stahifity Stable under notmal conditions.

Materialz to aveid No dangemus reaction known under eonditions of normal vse.
Hazardous decomposition None under normal use

praducts

polymernization Hazardous polymerization does not occur.

Acute toxicity

At thiz fime, the limited evidence available suggests caution when potential exposurea to nanoparticles may occur.
Duie {o the timited information about health risks from nancmaterials, it is prudent to fake steps for minimizing
worker exposues. Qccupational health risks associated with manufacturing and using nanomaterials are not yet
clearly undersiood. Studies have indicated that low solubilfy nanoparticles are more foxic than iarger particles on
a mass for mass basis. There are strong indications that parficle surface area and surface chemistry sre
responsible for observed responses in cell cultures and arimals. There are indications that nanoparticles can
peneirate through the skin or move from the respiratory system fo other organs.

Principle Rowtes of Exposure/
Potential Health effects
Eyes May cause eye imitation with susceptible persans.
Skin May cause skin indtation in suscepfible persons.
inhalation May be hamnil by nhalation.
ngestion May be hanmwidd if swalowed.
Carcinogenic effects nene
Mutagenic effects noneg
Reproductive toxicity rane
Sensitization none
Target Organ Effects Mo known effects under normal use conditions
Revision Dats 28-Now-2011 Page 476

Product code QIS IMPCOMPONENTA Froduet name Qrackerf 5256

warw Hetechnologies com

Page G of 11




Qtracker® Celi Labeling Kit

; Ecotoxicity effects No mformation available.
: Mokility Mo information available.
Biodegradation inherently biodegradable
? Bicaccumwulation Does not bioaccumidate.

Dispose of in accordance with ocal reguiations.

IATA
Proper shipping name Not ¢lassified as dangercus in the meaning of transport reguiations
Hazard class none
Suhbsidiary Class none
Packing group none
UN-No hone

L1.5. Federal Regulations

SARA 213

This. product contains the following toxio chemical{s) subject to the notification requirements of section 313 of Tite 1K of the
Superfurd Amendments and Reauthorization Act of 1886. This law requires certain manufacturers to report on annial emissions of
specified chemieals and chemical categaries. Please note that if you repackage, or stherwise redistibute, this product to industrial
customers, & notics similar o this one shoukd he sent to those cusiomers:

Ciean Al Act, Section 112 Hazardous Air Pollutants (HAPs) {see 40 CFR 61)
This product doas not containg HAPs.

1.5. State Regulations

Cafifornia Proposition 65
This product does nol contain chemicals lsted under Propositicn 65

WHMIS hazard class:
Mon-comtrofed

This product has been dassified acconding to the hazand miteda of the CPR and the MSDS contains all of the informatioa required by the CER

Reason for Revision {M}SDS sections. updated.

Revision Dite 28-Now-2011 Papge 58

Product code 2504 IMPCOMPONENTA Product name Otrackerf 525
worw. Ffetechnologies com
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Qtracker® Cell Labeling Kit

For research use only. Not intended for human or animal diagnostic o thermpeutic uses.
References :
* National institute for Qceupational Safety and Health (NIOSH), 1.5, 2018
httpffwww cdc.gownioshitopicsinanotech?

* National insfifute for Qceupational Safety and Health (NIQSH), U.S., 2009
htipZhernw cdc goviniosh/docs/2000-1 255disr2009-125 pdf

The above information was aequired by difigent search andfor investigation and the recommendations are based on
prudent application of professional judgment. The information shall not be taken as being aH inclusive and is ¥ be
used only as a guide. All materials and mixtures may present unkown hazards and should be used with caufion.
3ince the Company cannot control the acteal methods, volumes, or conditions of uze, the Company shall not be held
liable for any damages or lbsses resulling from the handling of from eontact with the product as described herein.
THE INFORMATION 1N THIS MSDS DOES NOT CONSTITUTE A WARRENTY, EXPRESSED OR IMPLEED, -
INCLUDING ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR FUPQSE.

End of Safety Data Sheet

Revision Dake 20-Nmw-2011 Page 6@
Product code QZENHIMPCOMPONENTA Froduct name Oiacker® 525

www Fifetechnologies com
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Qdot® I'TK Streptavidin Conjugate Kit

STATE OF CALIFORNIA
Department of Toxic Substances Control

Health and Safety Code Section 57019 Chemical Information Call-in Information A
For Nanometals, Nanometal Oxides, and Quantumn Dots
December 2010

This enclosure is provided for your convenience. You may provide the requested information in writing, and attaching
any supplementary materials or explanatory information, in letter or report form.

_ SECTION At CHEMICAL(S) (Check each one which applies for your company)

0 Nano Silver [1 Nano Titantum Dioxide [1 Nano Cerium Oxide

[0 Nano Zero Valent Iron 0 Nano Zinc Oxide X Quantum Dot(s)

. SECTION B: BUSINESS IDENTIFICATION INFORMATION (check onie and complete 1 = 10)

0 Sole Owner X Corporation M Limited Liability | 3 Limited Liability | O Unincorporated
Company (LLC) Partnership (LLP) Business Trust

{1 Spouses’ [1 Registered M General (0 Limited O Other: (describe}

Co-ownership Domestic Partnership | Partnership Partnership

L. Name of Sole Owner, Corporation, Partnership, Institute, Other.
Life Technologies Corporation

2. Business Trade Name (" Doing Business As,” if any)
None

3. Business Address (physical location of your business: street number and name, city, stale, country, zip or postal
code)
5791 Van Allen Way, Carlsbad, California 92008, USA

4. Mailing Address (sireet name and number, P.O. box, city, state, country, zip or postal code, if different from 3)
The Same as Above

5. Business Website Address{es):
http:/fwww. lifetechnologies,com

6. Name of Owner, Responsible Corporate Officer, Partner, Other.
Sang-Tae Kim

7. Contact Information for Person in 6 above,

Name: Sang-Tae Kim Title: Manager, Design-for-Environment/EHS

Business Telephone: 650-554-2798 Email: sang-tac kim@lifetech.com

8. Number of Employees (California employees).
2908

9. NAICS Code(s) for this business: Primary: 325413 Other: Other:

10. Nano Chemical Business Type: (check
applicable)

X Manufacturer X Tmporter X Researcher

‘SECTION €5 CERTIFICATION (FOR THIS COMPLETE SUBMITIAI

[ am fully authorized to prepare and submit this information, as a formal response to the request pursuant fo Health and
Safety Code section 57019(d)(1), and certify the information and statemnents made herein, and in the attachmenis, are
correct to the best of my knowledge and belief.

Name: (type or print) Signature: Date:

Sang-Tae Kim ’ // . December 15, 2011
%}»fj/ — gt KM
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Qdot® ITK Streptavidin Conjugate Kit

_SECTION D: NANOMATERIAL CHEMICAL AND PHYSICAL PROPERTIES (Atachadditional pages as needed)

PRODUCT / PRODUCTION INFORMATION

NANO CHEMICAL NAME: Qdot® ITK Streptavidin Conjugate Kit

COMMERCIAL NAME(S): Qdot® 525 ITK Streptavidin Conjugate Kit; Qdot® 545 ITK Streptavidin Conjugate Kit;
Qdot® 565 TTK Streptavidin Conjugate Kit; Qdot® 585 ITK Streptavidin Conjugate Kit; Qdot® 605 ITK Streptavidin
Conjugate Kit; Qdot® 655 ITK Streptavidin Conjugate Kit; Qdot® 705 TTK Streptavidin Conjugate Kit; Qdot® 800
ITK Streptavidin Conjugate Kit '

ANNUAL PRODUCTION VOLUME: Total annual production is 0.342 gram. Quantity shipped to California is 0.019
gram.

PRODUCTION METHOD(S): Core and core-shell nanoparticles are produced using common colloidal synthesis
techniques. Some examples may be found in the following patents: 6,322,901; 6,815,064; 7,147,712; 7,695,642, Some
examples of methods for applying the amphiphilic coating to these particles to render them water soluble may be found
in the following patent 6,649,138.

IDENTIFICAITON OF THE SUPPLIER(S): Life Technologies i

PHYSICAL PROPERTIES

SHAPE (MORPHOLOGY) The morphology of a nanoparticle is most commonly
measured by transmition electron microscopy (TEM) since
it is the only analytical technique with resolution sufficient
to resolve the fine features of a nanoparticle, This
technique is imited, however, since it is most sensitive to
electron dense elements of the nanopatticle like cadmium,
zinc and selenium and virtually insensitive to lighter
elements like carbon, hydrogen, oxygen and nitrogen. This
means that shape and morphology information is not
available for nanoparticles that comprise organic coatings.
In other words, TEM can only give you information about
the nanocrystal within a nanoparticle. TEM is further
limited by the fact that the data acquired is only a two
dimensional projection of the three dimensional shape.
Therefore to calculate the volume or surface area, a three
dimensional shape must be assumed. The size of the
ranoparticle (nanocrystal and organic ligands) can be
measured by size exclusion chromatography (SEC) but this
technique does not have the resolution to provide
marphology information. '

DENSITY The density of these materials has not been measured

SURFACE AREA Since we cannot measure the morphology of Qdot® ITK
Streptavidin Conjugate Kit nanoparticles, we cannot
calculate the surface area. If we approximate the
morphology as a sphere and use the SEC sizing data, we
can calculate a spherical surface area.

Air To the best of our knowledge, no technique is currently
available

Liquid Dynamic light scattering can give particle size distribution
data, however, several complications exist in interpreting
the data. Some of those caveats include, (1) since quantum
dots have broad absorbance, any color that emits at longer
wavelengths than the laser will absorb some of the laser
light and make interpretation of the data nearly impossible,
(2) large particles scatter much more efficiently than
smaller particles making detection of small particle
populations difficult,

PARTICLE SIZE
DISTRIBUTION

Solid/ To the best of our knowledge, no technique is currently
Powder available

OTHER (SPECTFY)

CHEMICAL PROPERTIES

CHEMICAL COMPOSITION | The inorganic portion of the nanoparticles (nanocrystal) is | The chemical
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Qdot® ITK Streptavidin Conjugate Kit

composed of cadmium, selenium, zinc and sulfur. Two of
our nanocrystal products (Qdot 705 and 800) additionally
contain tellurium. The exact composition of the ligand
shell is unknown but NMR has revealed that it is mostly
composed of tetradecylphophonic acid (TDPA) and/or
other phosphorus-containing species. The polymer coating
is an amphipilic molecule that is associated with the
nanopaiticle and provides water solubility. Streptavidin is
incubated with carbodiimide (e.g., 1-Ethyl-3-[3-
dimethylaminopropyt|carbodiimide hydrachloride)
activated polymer coated quantum dots to allow amine
residues on streptividin to form amide bonds to the
polymer coating.

composition of this
polymer is best

described in Patent
Number 6,649,138

SURFACE MODIFICATION
(COATING,
FUNCTIONALIZATION)

The outer surface contains an amphipilic polymer and
streptavidin.

The precess of
applying this
polymer to the
nanoparticles is best
described in patent
number 6,649,138.

PURITY

Purity is essential for our products. We have most
routinely use SEC {o detect and measure impurities. Some
of those impurities include aggregated nanoparticles, free
{unbound) amphiphilic polymer, and other nanoparticle
impurities.

SURFACE CHARGE

We routinely perform gel electrophoresis to confirm the
charge of a particle but we do not quantitate it in terms of
charge density.

Air

We do not handle air dispersions in our operations or R&D

Liquid

DISPERSION

Presence of aggregated particles is routinely measured by
SEC chromatography. In fact, all of our products and
water soluble intermediates have specifications around the
percentage of these soluble aggregates present in the
solution.

Solid

We do not handle the materials in the solid form, but as a
liguid dispersion.

IDENTIFYING AND
DETERMINING
CONCENTRATION OF NANO
CHEMCIAL, ITS
METABOLITES, AND
DEGRADATION PRODUCTS
IN SPECIFIED MATRICS
{Water, Air, Soil, Sediment,
Sludge, Chemical Waste, Fish,
Blood, Adipose Tissue, Urine,

Determining the exact concentration of nanoparticles in
any matrix is difficult because routine nanoparticle
counting techniques do not currently exist. The most
common method for determining the concentration of
quantum dots is to measure the optical absorbance in
solution at a concentration where Beer's law is operative
and calculate the concentration using an estimated
extinction coefficient for the material,

Acexample of a
common technique
for estimating the
extinction
coefficient for
quantum dot can be
found in this
reference (Chem.
Mater. 2003, 15,
2854.2860)

Other)

SOLUBILITY | Water Soluble/miscible in water. These products are sold at a
Solubility concentration of 2 micromolar which is in the range of

0.125 mg/mL to 2 mg/mL depending on the color.

Solubility in Not soluble/miscible in organic solvent
Organic
Solvent

N-OCTANOL-WATER We have not measyred this parameier.

PARTITION COEFFICIENT

STABILITY Flammability
AND
REACTIVITY

These nanoparticle products are sold as dilute (2 pM or
approximately 0.125 mgto 2 mg/mL} aqueous solutions
and are therefore classified with a HMIS flammabiiity
rating of 0 (same as water).

Explosiveness

These products do not pose an explosion hazard. This
conclusion is partially based on thermogravimetric analysis
{TGA) of our ITK organic quantuym dots. TGA shows that
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Qdot® ITK Streptavidin Conjugate Kit

no weight loss occurs untif about 300 °C. At around 300
°C the particles lose about 10 - 20 % of their mass. This
tetnperature coincides with the boiling point of the organic
ligands used in the synthesis of quantum dots. No other
weight loss is observed up to a temperature of 650 °C.

Oxidizing
Properties

These products are not strong oxidizing agents,

Oxidation
Reduction
Potential

These products are not strong reducing agents.

Storage
Stability and
Reactivity
(Container
Material)

These products are stable in a variety of container
materials including, glass and plastic, The product is
packaged and shipped in polypropylene vials.

Stability to
Thermal,
Sunlight, and
Metal(s)

These products are stable, meaning that they will work for
their intended purpose, to multiple rounds of freezing and

thawing and moderately high temperatures (0 °C to 37 °C).

These products are stable and will work for their intended
purpose with moderate sunlight exposure. Some metals
will quench the florescence from these particles.
Particularly copper (1) and iron (TII).

Reference -
Cytometry Part A,
70A: 84 89, 2011

ared one;

Attached is current SDS/Material Safety Data Sheet (MSDS). See Attachment 1

Life Technologies’ Medical Surveillance and Monitoring Plan requires a bi-annual monitoring of blood and urine
samples as well as an annual physical examination of employees who are involved in manufacturing of quantum dots.
No cadmium was detectable from either blood or urine samples, when analyzed with the use of [nductively Coupled
Plasma/Mass Spectrometry (ICP-MS}) (see hitp://www aruplab.cony/guides/ug/tests/0025040.jsp for detailed
information on sampling and analysis methodology).

We have not determined the identity and concentration of Qdot® TTK Streptavidin Conjugate Kit nanocrystals in
environmental matrix including air, soil, sediment, sludge, chemical waste, fish, and adipose tissue.

Page 4 of 11




Qdot® ITK Streptavidin Conjugate Kit

ATTACHMENT 1

MATERIAL SAFETY DATA SHEET
(Sample)
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Qdot® ITK Streptavidin Conjugate Kit

/&{é SAFETY DATA SHEET

identification of the substancefpreparation

Product code Q104 TMPCOMPONENTA
Product name Qdot® 525 ITK™ streptavidin conjugate *2 uM sohution®*

Compony/Undertaking Wentiication

Life Technologies INVITROGEN CORPORATION
5791 VAN ALLEN WAY 5250 MAINWAY DRIVE
PO 80X 6482 BURLINGTON, ONT
CARLSBAD CA 92008 CANADALTL 6A4
+% 760 603 7200 BOR263-6236
24 heur Emergency Response (Transport): 866-536-0601

301-431-8585

Qutside of the U.S._ +1-301-431-8585
For research use only. Not intended for human or animat diagnostic or therapeutic uses.

Rewision Date 280-Mow-201 Page 177
Product code QI IMPCOMPONENTA Product rame Qdod 525 TTK™ sireptwidn conpagate "2 hif solution”

www lifelechnologies com

Page 6 of 11




Qdot® ITK Streptavidin Conjugate Kit

GHS - Classification

; Signal Word !
: act hazardons 1
1
|
: Health Hazard
| not hazardous
i
; Physical Hazards
: not hazardous
Principle Rowtes of Exposure!
Potential Health effects
Eves May cause eye imitation with suscepfibie persons.
Skin May cause skin imrtation in susceplible persons.
Inhalation May ke harmful by inhalation.
Ingestion May be harmial if swallowed.
Specific ¢ffects ‘
Carcinogenic effects nene. !
Mutagenic effects none. !
Reproductive toxicily nens.
Senszitization nene
Target Organ Effects Ne known effects under normal use conditions
HMIS
Health 0
Flamimability 0
Reactivity 4]

The product contains no substances which at their given concentration, are considered {o be hazamdous to health. We
recommend handling all chemicals with eaution.

Revision Datr: 20-Now- 2011 Page 217
Prodect code Q1D TMPCOMPONENTA Product name Qdotf 525 [TK ™ streptavidin conjugate *2 uM solution”

verrw Jifelechnologies com
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Qdot® ITK Streptavidin Conjugate Kit

Skin contact Rinse with plenty of waler. If symptoms afse, call a physician. |
Eye contact Rinse immediately with plenty of waler, alzo under the eyelids, for at least 15
minutes. i symploms persist, cll & physician.
Ingestion Never give anything by mouth to an uneonscious person. If symploms persist, call
a physician. Do notinduce vomiting withrout medical advice.
Inhatation Move to fresh air. If symptoms persint, call a physician. if rot kreathing, give
artificial respiration.
Noies to physician Treat symptomatically.

Suilable extingaishing meodia Waler spray. Carbon dioxide (C0O2). Foam. Dry chemical,
i Special protective equipment for firefighters Wear selfcontained breathing apparatus and protective
i suit

Personal precautions Us= personal proteciive equipment.
Methods for cleaning up Saak up with inert ahsorbent matenial.

Environmental precautions

Prevent further leakage or spillage if safe to do so.

See Section 12 for additional information.

Handhing Always wear reccemmended Personal Profective Equipment. Mo special handling

i advice required.
Sforage Keep in & dry, cool and wellventilated place.

Expostre limits

At this time, the Imited evidence available suggests eaution when potential exposures to nanoparticles may otcour.
Due 1o the lmited information about heaith risks from nanomaterials, #is prudent to take steps for mmnimizing
worker exposwres. Research ig siill needed o undestand the impact of nanolechnology on hesalth, and to
determine appropriate exposure monitoring and contrel strstegies.

Enginecring measures Ensure adequate venfidation, especially in confined areas.

Personal protective equipment

Respiratory protection In ease of insuficient ventilation wear suitable respimtory equipment
Hand protection imperviotis gloves.
Eye protection Safely glasses with side-shields.

Skin and body protection.  Lightweight protective ckthing.

Hevision Date 20-Now2011 Page 3/7
Produet code QDT TMPCONIFONENTA Product name Qdor 525 [FK™ streptavidin conjogate *Z 1M solution”

www lifetechinologies.com
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Qdot® ITK Streptavidin Conjugate Kit

) Hygiene measuras Handle in accordance with good industrial hygiene and safety practice.
{

! Environmental exposure Prevent product from: entering drains.

i confrols

General Information

Form SUSpension

Agppearance licuid

Cder No information available
| Boiling PointfRange °C no data available °F. no dala available
‘ Melting pointfrange C no dals available °F no data available
Flash point °C no data available °F no data available
} Aultoignition temperature °C no dats availabie °F no data available
Oxidizing properiies No mformation available

Water zolubility soluble

pH VAL UF 83

Stability Stable under normat conditions.

Haterialg to avoid No dangerous reaction known under conditions of normal use.
Hazardous decomposition None under nomal use

products

polymerization Hazardous polymernsation does not occur.

Acute toxici

At this time, the limited evidence avsilable suggests caution when potential exposures to nancpariicles may ocour,
Due to the imited information about heafth risks from nanomatenas, R is prudent to take steps for minimizing
wosker exposures. Occupational health risks associated with manufacturing and using nanomaterials are not yet
clearly understood. Studies have indicated that bow solubility nanopanriicles are more toxic than larger pariicies on
a mass for mass basis. There are strong indications that parlicle suriace area and surface chemistry are
reapongible for cbeerved responses in cell cuitures and animals. There are indications that nanopadicles ean
penetrate through the skin or move from the respiratory system to other organs.

€30 {inhafationratimoush

0 data available

Principle Routes of Exposure!

Potential Health effects

Eyes May cause eye mitation with susceplible persons.

Skin May cause skin iritation in susceplible persons,

Inhalation May be hammful by inhalation.

Ingestion May be hanndul if swaBowed.

Carcinogenic effects none

Mutagenic effects none
Revision Date Z0-Now-2H 1 Page 4/7
Froduct code Q1004 IMPCOMPONENTA Product name Odoi® 525 ITK™ streptavidin conpugate '3 pM solution”

www. ifetechnologies com
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Qdot® ITK Streptavidin Conjugate Kit

Reproductive toxicity none
Sensitization none
Target Crgan Effects HNo known effects under nomal use conditions

Ecotoxicily effects No mformation avalable.
Mokitity No mformation avaiable.
Biedegradation Inherently biodegradable
Bivaccumtlation Does not bioaceurnulate.

Dispose of in accordance with local regulations.

IATA

Proper shipping name Not elassified as dangerous in the meaning of transport regulations

Hazard class nens

Subsidiary Class none

Packing group nong

UN-No None
Revision Date 20.-Nene-2011 Page &/7
Product code Q1004 1IMPCOMPONENTA Product name Qdotth 525 [TK™ sheptavidin conjugate *2 iM sohition®

wmw lifetechnologies.com
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Qdot® ITK Streptavidin Conjugate Kit

LS. Faderal Regulations

SARA 313

This preduct contains the following toxic chemical{s) subject to the natification requirements of section 313 of Title Hl of the
Superfund Amendments and Reautharization Act of 1886. This law requires certain manulacturers 1o report en annual emissions of
specified chemicals and chemical categories. Please note that if you repackage, or otherwise redistribute, this product to industrial
sustensters, a notice similar te this one should be semt to those custmers:

: Chemical Hame CAS-No Weight % SARA M3 - Threshold Vaiues
i Sodivm azide 20608278 <0t o

| Clean Air Act, Section 112 Hazardous Air Pollatants (HAP3) (see 48 CFR 61)
‘This product does not contsins HAPs.

1L.5. State Regulations

Calfornia Proposition §5
This producet does not contain chemicals listed under Proposition 65

WHMIS hazard class:
Mon-contolied

This product bas been dassified acconding to the hazard criteria of the CPR and the MSDS contains. all of the information required by the CPR

Reason for Revision {(M)SDS sections updated.

For research use only. Notintended for human or animal diagnostic or therapeutic uses.

References

= National Inskiute for Occupational Safety and Health (NIOSH), U5, 2010:
http-/fererw cde gov/nioshftopice/manctech/

» National Institute for QOccupational Safety and Health (MIOSH), U.S., 2009:
hitip:ffarerw cde.govinieshfdocs/2000-125/pdfe/2009-125 pdf

The above information was acquired by diligent search and/or investigation and the recommendaions are based on
prudent applicalion: of professional judgment. The information shall not be taken as being all inclusive amd is to be
used only as a guide. All materials and mixtures may present unkown hazards and should be used with caution.
Since the Company cannat controd the actual methods, volumes, or condiions of use, the Company shall not be held
liable for any damages or loszes resuling from the handling or from contact with the product as described herein.
THE INFORMATION IMN THIS MSDS DOES NOT CONSTITUTE A WARRENTY, EXPRESSED OR IMPLIED,
INCLUDING ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PUBOSE.

End of Safety Data Shect
ftevision Date 20-Mow-2H1 Pape 617
Product code GHMIMPCOMPONENTA Froduct name Qoo 525 ITK™ streptavidin corfugate "2 LM solubon®
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Qdot® ITK™ organic quantum dots

STATE OF CALIFORNIA
Department of Toxic Substances Control

Health and Safety Code Section 57019 Chemical Information Call-in Information
For Nanometals, Nanometal Oxides, and Quantum Dots
December 2010

This enclosure is provided for your convenience. You may provide the requested information in writing, and attaching
any supplementary materials or explanatory information, in letter or report form.

1 Nano Silver {1 Nano Titanium Dioxide [0 Nano Cerium Oxide

[1 Nano Zero Valent Iron {1 Nano Zinc Oxide X Quantum Dot(s)

- SECTION B: BUSINESS IDENTIFICATION INFORMATION (check one and complete

1 Sole Owner X Corporation O Limited Liability | 11 Limited Liability | O Unincorporated
Company (LLC) Partnership (LLP) Business Trust

1 Spouses’ 01 Registered 0 General [1 Limited [0 Other: (describe)

Co-ownership Domestic Partnership | Partnership Partnership

1. Name of Sole Owner, Corporation, Partnership, Institute, Other,
Life Technologies Corporation

2. Business Trade Name (“Doing Business As,” if any)
None

3. Business Address (physical location of your business: street mumber and name, city, stale, country, zip or postal
code)
5791 Van Allen Way, Carlsbad, California 92008, USA

4. Muailing Address (sireet name and number, P.O. box, city, state, country, zip or postal code, if different from 3)
The Same as Above ‘

3. Business Website Address(es):
hitp://www.lifetechnologies.com

6. Name of Owner, Responsible Corporate Officer, Partner, Other.

Sang-Tae Kim
7. Contact Information for Person in 6 above.
Name: Sang-Tae Kim Title: Manager, Design-for-Environment/EHS -
Business Telephone: 650-554-2798 Email: sang-tac.kim@lifetech.com
8. Number of Employees (California employees).
2908
8. NAICS Code(s) for this business: Primary: 325413 Other: Other:
10. {Vano Chemical Business Type: (check X Manufacturer X Importer X Researcher
applicable)
SECTION C: CERFIFICATION (FOR THIS COMPLETE SUBMITTAL).

T am fully authorized to prepare and submit this information, as a formal response to the request pursuant to Health and
Safety Code section 57019(d)(1), and certify the information and statements made herein, and in the attachments, are
correct to the best of my knowledge and belief.

Name: (type or print) Signature: Date:

Sang-Tae Kim / ,a// K",‘ December 15, 2011
i) - Lk A
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Qdot® TTK™ organic quantum dots

‘CTION D: NANOMATERIAL CHEMICAL AND PHYSICAL PROPERTIES (Attach additional pages as néeded)

"PRODUCT / PRODUCTION INFORMATION

NANO CHEMICAL NAME: Qdot® ITK™ organic quantum dots

quantum dots; Qdot® 705 ITK™

COMMERCIAL NAME(S) Qdot® 545 TTK™ organic quantum dots; Qdot® 565 ITK ™ organic quantun dots;
Qdot® 585 ITK™ organic quantum dots; Qdot® 605 ITK™

organic quantum dots; Qdot® 655 ITK. ™
organic quantum dots; Qdot® 800 ITK™ organic quantum dots

organic

gram.

ANNUAL PRODUCTION VOLUME: Total annual preduction is 0.158 gram. Quantity shipped to California is 0.010

in the following patent 6,649,138.

PRODUCTION METHOID(S): Core and core-shell nanoparticles are produced using common colloidal synthesis
techniques. Some examples may be found in the following patents: 6,322,901; 6,815,004; 7,147,712; 7,695,642. Some
examp]es of methods for applying the amphiphilic coating to these particles to render them water soluble may be found

IDENTIFICAITON OF THE SUPPLIER(S): Life Technologies is the producer and supplier of these products

PHYSICAL PROPERTIES

SHAPE (MORPHOLOGY)

The morphology of a nanoparticle is most commonly
measured by transmition electron microscopy (TEM) since
it is the only analytical technique with resolution sufficient
to resolve the fine features of a nanoparticle. This
technique is limited, however, since it is most sensitive to
electron dense elements of the nanoparticle like cadmium,
zinc and selenium and virtually insensitive to lighter
elements like carbon, hydrogen, oxygen and nitrogen. This
mneans that shape and morphology information is not
available for nanoparticles that comprise organic coatings.
In other words, TEM can only give you information about
the nanoccrystal within a nanoparticle. TEM is further
limited by the fact that the data acquired is only a two
dimensional projection of the three dimensional shape.
Therefore to calculate the volume or surface area, a three
dimensional shape must be assumed. The size of the
nanoparticle (nanocrystal and organic ligands) can be
measured by size exclusion chromatography (SEC) but this
technique does not have the resolution to provide
morphology information,

DENSITY

The density of these materjals has not been measured

SURFACE AREA

Since we cannot measure the three dimensional
morphology of Qdot® ITK™ organic quantum dot
nanoparticles, we cannot calculate the surface area. If we
assume a geometric shape to approximate the morphology,
Wwe can use geometry to approximate a surface area.

Alr

To the best of our knowledge, no technique is currently
available

Liquid

PARTICLE SIZE
DISTRIBUTION

Dynamic light scattering can give particle size distribution
data, however, several complications exist in inferpreting
the data. Some of those caveats include, (1) since quantum
dots have broad absorbance, any color that emits at longer
wavelengths than the laser will absorb some of the laser
light and make interpretation of the data nearly impossible,
(2) large particles scatter much more efficiently than
smaller particles making detection of small particle
populations difficult.

Solid/
Powder

To the best of our knowledge, no technique is currently
available

OTYIER (SPECIFY)

CHEMICAL PROPERTIES

CHEMICAL COMPOSITION

The inorganic portion of the nanoparticles (nanocrystal) is
composed of cadmium, selenium, zinc and sulfur. Two of
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Qdot® ITK™ organic quantum dots

our nanocrystal products (Qdot 705 and 800) additionally
comttain tellurium. The exact composition of the ligand
shell is unknown but NMR has revealed that it is mostly
composed of tetradecylphophonic acid (TDPA) and/or
other phosphorus-containing species. These products are
packaged as solutions in decane.

SURFACE MODIFICATION The outer surface contains an aliphatic hydrocarbon like
(COATING, tetradecylphosphonic acid. Oxygen atoms on the
FUNCTIONALIZATION) phosphonic acid are covalently attached to the quantum dot
surface and the hydrocarbon tails are directed outward.
PURITY These products are sold as-is in terms of chemical purity.
Spectral purity is all that we measure,
SURFACE CHARGE We do not measure surface charge for these products
Air We do not handle air dispersions in our operations or R&D
Liquid We do not measure the size dispersion for these products
directly. We rely on the size dependent nature of the
DISPERSION gptical _properties o give us an indica}ﬁ(?n of particie
ispersion. For example, narrow emission width would
correlate to narrow particle size distribution.
Solid We do not handle the materials in the solid form, butas a
liquid dispersion.
IDENTIFYING AND Determining the exact concentration of nanoparticles in A example of a
DETERMINING any matrix is difficult because routine nanoparticle common technique
CONCENTRATION OF NANQ | counting techniques do not currenily exist. The most for estimating the
CHEMCIAL, ITS common method for determining the concentration of extinction-
METABOLITES, AND quantum dots is to measure the optical absorbance in coefficient for
DEGRADATION PRODUCTS | solution at a concentration where Beer's law is operative quantum dot can be
IN SPECIFIED MATRICS and calculate the concentration using an estimated found in this

(Water, Air, Soil, Sediment,
Sludge, Chemical Waste, Fish,

extinction coefficient for the material.

reference (Chem.
Mater. 2003, 15,

Blood, Adipose Tissue, Urine, 2854-2860)
Other)
SOLUBILITY | Water Not soluble/miscible in water.

Solubility

Solubility in Soluble/miscible in non-polar solvents like decane, hexane,

Organic toluene, and chloroform. These products are sold at a

Solvent concentration of 8 micromolar which is in the range of 0.5

mg/mL to § mg/mL depending on the color,

N-OCTANOL-WATER We have not measured this parameter.
PARTITION COEFFICIENT

STABILITY | Flammability
AND
REACTIVITY

These nanoparticle products are sold as dilute (8 uM or
approximately 0.5 mg to 8 mg/mL}) aqueous solutions and
are therefore classified with a HMIS flammability rating of
0 (same as water).

Explosiveness | These products do not pose an explosion hazard. This
conclusion is partially based on thermogravimetric analysis
{TGA} of our ITK organic quantum dots. TGA shows that
no weight loss occurs until about 300 °C. At around 300
°C the particles lose about 10 - 20 % of their mass. This
temperature coincides with the boiling point of the organic
ligands used in the synthesis of quantum dots. No other
weight loss is observed up to a temperature of 650 °C.

Oxidizing These products are not strong oxidizing agents.

Properties

Oxidation These products are not strong reducing agents.

Reduction

Potential

Storage These products are stable in a variety of container

Stability and materials including, glass and plastic. The product is

Reactivity packaged and shipped in polypropylene vials.

(Container

Page 3 0of 12




Qdot® ITK™ organic quantum dots

Material)

Stability to These products are stable, meaning that they will work for | Reference -
Thermal, their intended purpose, to multiple rounds of freezing and Cytometry Part A,
Sunlight, and  thawing and moderately high temperatures (0 °C 10 37 °C). | 79A: 84 89, 2011
Metal(s) These products are stable and will work for their intended

purpose with moderate sunlight exposure. Some metals
will quench the florescence from these particles.
Particularly copper (11} and iron (IIT}.

L prepare

”Aﬂ;&ché.d is current SDS/Material Safety Data Sheet (MSDS). See Attachment 1

Life Technologies’ Medical Surveillance and Monitoring Plan requires a bi-annual monitoring of blood and urine
samples as well as an annual physical examination of employees wheo are involved in manufacturing of quantum dots.
No cadmium was detectable from either bloed or urine samples, when analyzed with the use of Inductively Coupled
Plasma/Mass Spectrometry (ICP-MS) (see http://www.aruplab.com/guides/ug/tests/4025040 jsp for detailed
information on sampling and analysis methodology).

We have not determined the identity and concentration of Qdot® TTK™ organic quantum dot nanocrystals in
environmental matrix including air, soil, sediment, sludge, cheinical waste, fish, and adipose tissye.
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ATTACHMENT 1

MATERIAL SAFETY DATA SHEET
(Sample)
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Qdot® TTK™ organic quantum dots

'&{% SAFETY DATA SHEET

Identification of the sebstance/preparation

Product code Q2i791MP
Prodect name QdobE S45 FTK™ organic gquantum dots

Company/Undertaking ldentification

Life Technokogies INVITROGEN CORPORATION
5791 VAN ALLEN WAY 5250 MAINWAY DRIVE

PD BOX 6482 BURLINGTON, ONT
CARLSBAD, CA 92008 CANADA LT7L 6A4

+1 760 603 7200 800/263.6236

24 hour Emergency Response (Transpori): 866-536-0631

301-431-B585
Quizide of the U.5. +1-301-431-8585

For research use only. ot intended for human or animal diagnostic or therapeutic uses.

Revision Date 30-Nov-201% Page 1/7
Product code Q2I7BIMP Product name Qdoth 546 TTK™ orpanic quaniurm dofs

www_ lifetechnolopies com
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Qdot® I'TK™ organic quantum dots

GHS - Classification

Signal Word
WARHNING

Fealth Hazard

[Acute derrmal wxicity [Eategory & }
Physical Hazards

iSHS Physieal Hazard 1 [Flamienable liguids |
GHE Fhysical Hazrard Catepory Number |Category 3 {

Physical hazards
HZ26 - Flammabie liguid and vapor

Hazard statements
H313 - May be harmful in contact with skin

H410 - Very toxic fo aquatic life with long iasting effects

Revisien Date A0-Mow-Z0 11 Paﬁe 217
Product code Q21791MP Product name Odotlh 545 ITK™ prganic quantum dots

www lifetechnofogies com
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Qdot® TTK™ organic quantum dots

Precautionary statemenis
P32 - Call a POISCN CENTER or doctor/physician if you feel unwell
; P303 + P361 + P353 - IF ON SKIN {or hisir): Take off immediately afl contaminated clothing. Rinze skin with
| water/shower
P403 + P233 - Store in a wel-ventilated place. Keep contfainer tightly closed
i P241 - Use explosion-proof electricalfventiiating/lighting/equipment
- P242 - Use only non-aparking tools
P243 - Take precautionary measures against static discharge
P280 - Wear protective gloves/protective clothing/eye protectionfface protection
P391 - Caollect spillage
P273 - Avold release to the environment

Principlie Routes of Exposure!
Potentizl Health effects

Eves May cause eye irdtation with susceplible persons.
Skin May be hamaful in contact with skin.

Inhalation May cause irmtation of respiratory tract.
Ingestion May be hamful if swallowed.

Specific effects

Carginegenic effects none
Mutagenic effects none
Reproductive toxicity nong
Senzitization none
Target Grgan Effects No known effecia under normal uge conditions.
HMIS

Health 1

Flammability 3

Reactivity 0

We recommend handling all chemicals with caution.

Skin contact Wash off immediately with plenty of water. Remove and wash contaminated”
clothing before re-use. Consult a physician. )

Eye contact Rinse immediately with plenty of water, also under the eyelids, for at ieast 15
minufes. Consulf a physitian.

ingestion Never give anything by mouth to an unconscious person. Call a POISON
CENTER or doctor/physician if exposed or you feel unwell.

inhatation Move to fresh air. if not breathing, give artificial respiration. Consult a physician.

Notes to physician Treat symptomatically.

Revision Date 30-Nov-201§ Page 2/7
Product code QHTRIMP Produst name Gdol 545 ITK™ organic quantum dats

www.lifetechnologies.com
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Qdot® ITK ™ organic quantum dots

Suitable extinguishing media Foam. Dry chemical. Carbon dioxide {CO2). Water spray
of fog. .

Special protective equipment for firefighters Wear seif-contained breathing apparatus and protecfive
suit.

Australla Haz€Chem Code 3y

Personal precautions Use personal protective equipment. Awvbit contact with skin, eves and clothing.
Remove all sources of ignilion.
Methods for cleaning up Soak up with inert absorbent material. Pick up and transfer to properly tabeiied

containers. Ground and bond containers when fransferring material.

Cavircnmental pracautions

Prevent further leakage or spillage if safe {0 do so. Prevent product from entering drains. Prevent entry into
waterways, sewers, basements or confined areas.

See Secfion 12 for additional information.

Handling Always wear reccommended Personal Protective Equipment. Avoid contact with
skin and ayes. Remove alf sources of ignition.
Storage Keep in properly abelied containers. Keep in & dry, ool and well-veniilated plsce.

Keep away from open flames, hot surfaces gnd sourses of ignition.

Exposure limits

Af this time, the limited evidence available suggeste caution when potential exposures to nanoparticles may occur.
Due to the limited information about health risks from nanomaterials, it is prudent to take steps for minimizing
worker exposures. Research is stilt needed to understand the impact of nanotechnology on health, and to
determine apprepriate exposure monitoring and control strategiss.

Engineering measures £nsure adeqguate ventilation, especially in confined areas.

Personal pratective squipment

Respiratory protection in case of insufficient ventilation wear suitable respiratory equipment.

Hand protection Impervious gloves.

Eye protection Safely giasses with side-shiekls.

Skin and body protection.  Lightweight protective clothing.

Hygiene measures Handle in accordance with good industrial hygiene and safety practice.
Envirenmental exposure Prevent product from entering drains.
controls

General Information

Revision Date 30-Now-2011 P‘ag}e a7
Product code QAT7RIMP Produot name Qdesdl 545 ITR™ erganic quanturn dots

www lifetechnofogies.com

Page 9 of 12




Qdot® ITK™ organic quantum dots

Form suspension

Appearance coloriess

Gdor Mo information available

Boiling PointiRange ¢ 274 F 525

Melting pointirange " no data available °F no data available
Flash point "C no data available °F no data available
Autoignifion temperature C 208 F 4D6

Oxidizing properties Na information available.

Water solubility shghtly soluble

Staksility Stable.

Materials to avoid Heat

Hazardous decomposition No information available,

products

polymerization Hazardous polymerisation does not oceur.

Acuta toxicity

At this time, the fimited avidence available suggests caution when potential expesures te nanoparticles may eeour.
Due to the limited information about health risks from nanomaterials, # is prudent to take ateps for minimizing
worker exposures. Occupational health risks associated with manufacturing and using nanomaterials are not yet
clearly understood. Studies have indicated that low solubility nanoparticles are more toxic than larger particles on
a mass for maas basis. There are strong indications that particle surface area and surface chemistry ars
responsible for observed responses in cell cultures and animals. There are indications that nanoparticies can
peneteate through the skin of move from the respiratory system to other organs.

SEEON (inbalation ratimousel

no dats avallable =-7'23Ciﬂmgfmﬁ(Mnu.se}

Principie Rouies of Exposure/
Potential Health effects

Eyes May cause eye iritation with susceptible persons,
Skin May be hamiul in contact with skin.

Inhalation May cause irmitation of respiratory fract.

Ingesticn May be hamiul if swaliowed.

Carcinogenic effects nene

Mutagenic effects none

Reproductive toxicity noche

Sensitization neRe

Ecotoxicity effects Chlorella vulgaris (Fresh water algae) Daphnia magna {Water flea)

Mobility aee log Pow

Revision Date -Now-2013 Page 577
Product code QM7IMP Product name Qdotl 545 (TK™ organic quantum dots

www. lifetechnologies com
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Qdot® ITK™ organic quantum dots

Biodegradation Inherently bicdegradable
Bioaccumalation Does not bioaccumulate.
Chermical Hame Freshwater Algae Water Flea Data Freshwater Fish Wicrolox Data fog Pow
Bata Species Data
Decane Chiorefia vulgaris Daphnia magna logPow5.1
434-18.5 E)CED=D043 mgh (24 5(25041029 Tyl (48

Dispose of in accordance with local regulations
81 - Avoid release to the environment. Refer to special instructions/safety data sheets

1ATA
Proper shipping name n-Necane
Hazard closs 3
Subsidiary Class none
Packing group ]
UN-No UN2247

Component

. .Decane ‘
124-18-5 { O-100 )

1.8, Federal Reguiationzs

SARA 313
This praduet is nat regulated by SARA.

Clean Air Act, Section 112 Hazardous Air Pollufanis (HAPzg) (zee 40 CFR §1)
This preduct dees not contains HAPs.

li.5. State Regulations

Rhose EARG NI

Decane B . i Listed

Cafifornia Proposition 66
This product does not contain chemieals listed under Proposition 65

WHMIS hazard classe:

B3 Combustible liquid
DZB Toxic materials

This product has been dassified according to the hazard criteria of the CPR ang the M5D3 contains ali of the information required by the CPR

Revision Date 3-Nov-2011 Page §/7
Produect code Q2178iIMP Product name Qdob® 545 ITK™ organic quanium dots

www. fifetechnologies.com
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Qdot® ITK™ organic quantum dots

Reason for Revision not applicable. (MYSDS sections updated.

For research use only.

References

* National Institute for Occupational Safety and Health (NIOSH), U5, 2010:
htp:#www .cde govinioshffopicsfnanctech/

* National Institute for Occupational Safety and Heaith {(NIOSH), U.S., 2009:
htp/fwww cdo govinioshidoesi2009-125/pdfs/2009-125 pdf

The above informalion was acquired by diligent search and/or investigation and the recommendations are based on
prudent application of profeasional judgment. The information shall not be taken as being all inclusive and is fo he
used only as a guide. All materials and mixtures may present unkown hazards and should be used with caution.
Since the Company cannot contmol the actual methoeds, volumes, or conditions of use, the Company shall not be held
liable for any damages or losses resuliing from the handling or from contact with the product as described hergin.
THE INFORMATION IN THIS MSDS DOES NOT CONSTITUTE A WARRENTY, EXPRESSED OR IMPLIED,
INCLUDING ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PUPQSE.

End of Safety Data Sheet

Revision Date HNaw-2017 Pags 717
Product code G217BIMP Product name Qdot® 545 ITK™ organic quanium dots

www.lifetechnologies.com
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Qdot® Antibady Conjugation Kit

STATE OF CALIFORNIA
Department of Toxic Substances Control

Health and Safety Code Section 57019 Chemical Information Call-in Infermation

For Nanometals, Nanometat Oxides, and Quantum Dets
December 2010

This enclosure is provided for your convenience. You may provide the requested information in writing, and attaching

any supplementary materials or explanatory information, in letter or report form,

O Nane Silver {1 Nano Titanium Dioxide [1 Nano Cerium Oxide

0 Nano Zero Valent Tron [0 Nano Zinc Oxide X Quantum Dot(s)

O Sole Owner X Corporation O Limited Liability | [1 Limited Liability | O Unincorporated
Company (LLC) Partnership (LLP) Business Trust

O Spouses’ O Registered O General 00 Limited O Other: (describe)

Co-ownership Domestic Partnership | Partnership Partnership

1. Name of Sole Owner, Corporation, Partnership, Institute, Other.
Life Technologies Corporation

2. Business Trade Name (“Doing Business As,” if any}
None

3. Business Address (physical location of your business: street munber and name, cily, state, country, zip or postal
code)
5791 Van Allen Way, Carlsbad, California 92008, USA

4. Muailing Address (street name and number, P.O. box, city, state, country, zip or postal code, if different from 3)
The Same as Above

5. Business Website Address(es):
httpi/fwww lifetechnologies.com

6. Name of Owner, Responsible Corporate Officer, Partner, Other.
Sang-Tae Kim

7. Contact Information for Person in 6 above.

Name: Sang-Tae Kim Title: Manager, Design-for-Environment/EHS

Business Telephone: 650-554-2798 Email: sang-tae kim@lifetech.com

8. Number of Employees (California employees).
2908

9. NAICS Code(s) for this business: Primary: 325413 Other: Other:

10. Nano Chemical Business Type: (check

. X Manufacturer X TImporter X Researcher
applicable}

1am fully authorized to prepare and subrmit this information, as a formal respeﬁse to the rei;uest pursuant to Health and
Safety Code section 57019(d)(1), and certify the information and statements made herein, and in the attachments, are
correct to the best of my knowledge and belief.

Name: (type or print) Signature: Date:

Sang-Tae Kim / /7/ . December 15, 2011
"7 ,fm/g — lid Ly
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Qdot® Antibody Conjugation Kit

~SECTION D: NANOMATERIAL CHE
PRODUCT / PRODUCTION INFORMATION

NANO CHEMICAL NAME: Qdot® Antibody Conjugation Kit

COMMERCIAL NAME(S): Qdot® 525 Antibody Conjugation Kit; Qdot® 565 Antibody Conjugation Kit; Qdot®
585 Antibody Conjugation Kit; Qdot® 605 Antibody Conjugation Kit; Qdot® 625 Antibody Conjugation Kit; Qdot®
655 Antibody Conjugation Kit; Qdot® 705 Antibody Conjugation Kit; Qdot® 800 Antibody Conjugation Kit

ANNUAL PRODUCTION VOLUME: Total annual production is 0.595 gram. Quantity shipped to California is 0.041
gram.

PRODUCTION METHOD(S): Core and core-shell nanoparticles are produced using common colloidal synthesis
techniques. Some examples may be found in the following patents: 6,322,901; 6,815,064; 7,147,712; 7,695,642, Some
examples of methods for applying the amphiphilic coating to these particles to render them water sotuble may be found
in the following patent 6,649,138,

IDENTIFICAITON OF THE SUPPLIER(SY): Life Technologies is the producer and supplier of these products

PHYSICAL PROPERTIES

SHAPE (MORPHOLOGY) The morphology of a nanoparticle is most commonly
measured by transmition electron microscopy (TEM) since
it is the only analytical technique with resolution sufficient
to resolve the fine features of a nanoparticle. This
technique is limited, however, since it is most sensitive to
electron dense elements of the nanoparticle like cadmium,
zine and selenium and virtually insensitive to lighter
elements like carbon, hydrogen, oxygen and nitrogen. This
means that shape and morphology information is not
available for nanoparticles that comprise organic coatings.
In other words, TEM can only give you information about
the nanocrystal within a nanoparticle. TEM is further
limited by the fact that the data acquired is only a two
dimensional projection of the three dimensional shape.
Therefore to calculate the volume or surface area, a three
dimensional shape must be assumed. The size of the
nanoparticle (nanocrystal and organic ligands) can be
measured by size exclusion chromatography (SEC) but this
technique does not have the resolution to provide
morphology information. :

DENSITY The density of these materials has not been measured

SURFACE AREA Since we cannoi measure the morphology of Qdot®
Auntibody Conjugation Kit nanopatticles, we cannot
calculate the surface area. If we approximate the
morphology as a sphere and use the SEC sizing data, we
can calculate a spherical surface area.

Air To the best of our knowledge, no technique is currently
available

Liquid Dynamic light scattering can give particle size distribution
data, however, several complications exist in interpreting
the data. Some of those caveais include, (1) since quantum
dots have broad absorbance, any color that emits at jonger
wavelengths than the laser will absorb some of the taser
light and make interpretation of the data nearly impossible,
(2) large particles scatter much more efficiently than
smaller particles making detection of smail particle
populations difficult.

PARTICLE SIZE
DISTRIBUTION

Solid/ To the best of our knowledge, no technique is currently
Powder available

OTHER (SPECIFY)

CHEMICAL PROPERTIES

CHEMICAL COMPOSITION The inorganic portion of the nanoparticles (nanocrystal) is | The chemical

Page 2 of 11




Qdot® Antibedy Conjugation Kit

composed of cadmium, selenium, zinc and sulfur. Two of
out nanocrystal products (Qdot 705 and 800) additionally
contain tellurium. The exact composition of the ligand
shell is unknown but NMR has revealed that it is mostly
composed of tetradecylphophonic acid (TDPA) and/or
other phosphorus-containing species. The polymer coating
is an amphipilic molecule that is associated with the
nanoparticle and provides water solubility. The
polyethylene glycol {PEG) coating is attached to the
polymer coating through amide bonds created by reacting
amine-functional PEG molecules with carbediimide (e.g.,
1-Ethyl-3-[3-dimethylaminopropyl Jcarbodiimide
hydrochloride) activated carboxylate groups on the
polymer coating,

composition of this
polymer is best

described in Patent
Number 6,649,138

SURFACE MODIFICATION
(COATING,
FUNCTIONALIZATION)

The outer surface contains an amphipilic polymer and PEG
molecules.

The process of
applying this
polymer to the
nanoparticles is best
described in patent
number 6,649,138,

PURITY

Purity is essential for our products. We have most
routinely use SEC to detect and measure impurities. Some
of those impurities include aggregated nanopatticles, fiee
(unbound) amphiphilic polymer, and other nanoparticle
impurities.

SURFACE CHARGE

We routinely perform gel electrophoresis to confirm the
charge of a particle but we do not quantitate it in terms of
charge density.

Alr

We do not handle air dispersions in our operations or R&D

Liquid

DISPERSION

Presence of aggregated particles is routinely measured by
SEC chromatography. In fact, all of our products and
water soluble intermediates have specifications around the
percentage of these soluble aggregates present in the
solution.

Solid

We do not handle the materials in the solid form, but as a
liquid dispersion.

IDENTIFYING AND
DETERMINING
CONCENTRATION OF NANO
CHEMCIAL, ITS
METABOLITES, AND

Determining the exact concentration of nanoparticles in
any matrix is difficult because routine nanoparticle
counting techniques do not currently exist. The most
common method for determining the concentration of
quantum dots is to measure the optical absorbance in

A example of a
common technique
for estimating the
extinction
coefficient for

DEGRADATION PRODUCTS | solution at a concentration where Beer's law is operative quantum det can be
IN SPECIFIED MATRICS and calculate the concentration using an estimated found in this
(Water, Air, Soil, Sediment, extinction coefficient for the material. reference (Chem.,
Sludge, Chemical Waste, Fish, Mater. 2003, 15,
Blood, Adipose Tissue, Urine, 2854-2860)
Other)
SOLUBILITY | Water Soluble/miscible in water. These products are sold at a
Solubility concentration of 4 micromolar which is in the range of
0.25 mg/mL to 4 mg/mL depending on the color.
Solubility in Not soluble/miscible in organic solvent
Organic
Solvent
N-GCTANOL-WATER We have not measured this parameter.
PARTITION COEFFICIENT
STABILITY Flammability | These nanoparticle products are sold as dilute (4 uM or
AND approximately (.25 mg to 4 mg/mL) aqueous solutions and
REACTIVITY are therefore classified with a HMIS flammmability rating of
0 (same as water).
Explosiveness | These products do not pose an explosion hazard. This
conclusion is partiaily based on thermogravimetric analysis

Page3of 11




Qdot® Antibody Conjugation Kit

(TGA) of our I'TK organic quantum dots. TGA shows that
no weight loss occurs until about 300 °C. At around 300
°C the particles lose about 10 - 20 % of their mass. This
temperature coincides with the boiling point of the organic
ligands used in the synthesis of quantum dots. No other
weight loss is observed up to a temperature of 650 °C.

Oxidizing
Properties

These products are not strong oxidizing agents.

Oxidation
Reduction
Potential

These products are not strong reducing agents.

Storage
Stability and
Reactivity
{Container
Material)

These products are stable in a variety of container
materials including, glass and plastic. The product is
packaged and shipped in polypropylene vials.

Stability to
Thermal,
Suniight, and
Metal(s)

These products are stable, meaning that they will work for
their intended purpose, to multiple rounds of freezing and

thawing and moderately high temperatures (0 °C to 37 °C).

These products are stable and will work for their intended
purpose with moderate sunlight exposure. Some metals
will quench the fiorescence from these particles.
Particularly copper (I1) and iron {III).

Reference -
Cytometry Part A,
TOA: 84 89, 2011

.'Atté(':ﬁé is current SD

Life Technologies’ Medical Surveillance and Mornitoring Plan requires a bi-annual monitoring of blood and urine
samples as weli as an annuval physical examination of employees who are involved in manufacturing of quantum dots.
No cadmium was detectable from either blood or urine samples, when analyzed with the use of Inductively Coupted
Plasma/Mass Spectrometry (ICP-MS) (see hitp//www.aruplab.com/guides/ug/tests/0025040 jsp for detailed
information on sampling and analysis methodology).

We have not determined the identity and concentration of Qdot® Antibody Conjugation Kit nanocrystals in
environmental mairix including air, soil, sediment, sludge, chemical waste, fish, and adipose tissue.

Pagedof 11




Qdot® Antibody Conjugation Kit

ATTACHMENT 1

MATERIAL SAFETY DATA SHEET
(Sample)
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Qdot® Antibody Conjugation Kit

L-;l@ SAFETY DATA SHEET

Identification of the substance/preparation

Product cade QI2041RPA
Broduct name Qrot® 525 nandcryatals, amine functicnalized *4 uM solution*

Company/Undertaking ldentilication

Life Technologies INVITROGEN CORPORATION
5791 VAN ALLEN WAY BE250 MAINWAY DRIVE
PO BOX G482 BURLINGTOM, ONT
CARLSBAD, CA 92008 CANADA L7 644
+1 760 603 7200 800/263-6236
24 hour Emergency Response (Transport): 866-536-0631

301-431-8585

Quiside of the U.S. +1-301-431-8585
For research use anly. Not intended for human or animal diagnostic or therapeutic uses,

Revision Date 29-Nov-2011 Page 1/0
Product code Q2204 1MPE Product name Qdotf 525 nancerystals, amine funclonalized "4 gM
solution”

www.lifelechnologies.com
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Qdot® Antibody Conjugation Kit

GHS - Claszifiication

Signal Word
not harardous

Health Hazard
not hazardous

Physical Hazards

not hazardous
Principie Routes of Exposure!
Patential Health effects
Eyes May cause eye immitation with suscepbible persons.
Skin May vause skin imilation in susceplible persons.
Inhalation May be hamnful by nhalation.
Ingestion May be harmiul if swallowecd,
Specific effects
Carcinogenic effects none.
Mutagenic effects none.
Reproductive toxicity none.
Sensitization none
Target Organ Effects Mo known effeels under nermal use conditions
HMIS
Health 4
Flammabifity [
Reaclivity Y]

The product contains no substances which at their given concentration, are conzidered to be hazardous fo healih. We
recommend handling all chemicals with caution.

Revision Date -1 Pape 2{8
Product code Q2204 1MFPA Product name Qdot® 525 nanocrystals, amine functonalized *4 pM
" solution®

www Efetechnodogies com
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Qdot® Antibody Conjugation Kit

Skin contact Rinse with plenty of water. If symploms arise, call & physician.

Eye contact Rinse immediately with plenty of water, also under the eyelds, for at least 15
minutes. If symptoms persist, call a physician.

Ingestion Never give anything by mouth to an unconscious person. If symptoms persist, call
a phyzician. Do rot induce vomiing without medical advics.

Inhialation Move to fresh air. If sympltoms persist, call 2 physieian. IF not breathing, give
artificial respiration.

Notes to physician Treat symptomatically.

g meast
Suitable extinguishing media Water spray. Carbon dioxide {C02). Foam. Bry chemical
Special protective equipment for firefighters Wear seff-contained breathing apparatus and protective
st

Perzomal precantions Lise personal protective equipment.
Methods for cleanig up Soak up with inert absorbent matesial.

Environmental precautions

Prevent further jeakage or spitlage if safe to do so.

See Section 12 for additional information.

Handling Always wear reccommended Personal Protective Equipment. No special handling
advice required,
Storage Keep m a dry, ool and well-veniilated place.

Exposure limits

At this time, the Bmited evidence availabie suggests caution when poteatial exposures to nanoparticles may occur.
Due {o the limited information about health risks from nanomaterials, it is prudent to take steps for minimizing
worker expesures. Researeh is siill needed to understand the impact of nanotechnelogy on health, and to
determine appropriate expesure menitoring and control strategies.

Engineering measures Ensure adequate ventilation, especially in confined areas.

Perzonal protective equipment

Respiratory profection in case of insulficient ventilation wear suitable respiratory equipment.

Hand protection impervious gloves.

Eye protection Suafely glasses with side-shields.

Skin and bady protection.  Lightweight protective clothing.

Hygiene measures Handle in accordance with good indusirial hygiene and safely praclice.
Revision Dabe 20-Rlov-2911 Page 3/8
Product code Q2204 1MPA Product name Qdot® 525 nanocrystals, amine functionalized ‘4“pM

S0fation

veww litetechnclogies. com
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Qdot® Antibody Conjugation Kit

Environmental exposure Prevent product fiom enterning drains.
controls

General Infermation

Form suspension

Appearance Tiquid

Odor Mo informaltion available

Buoiling PointRange . no data availlahle °F no dala available
Melting pointrange *C ao data available °F no dafa available
Flash point °C no data available °F no daia available
Autoignition temperature °C ao data availabhle °F no dala available
Oxidizing properties No mformation available.

Water solubility soluble

Stability Stable under normal condiions.

Materials to avoid Na dangerous reaction known under conditions of normal uge.
Hazardous decomposition None under nomnal use

products

polymerization " Hazardous polymensation does not cecur.

Acute toxicity

At this time, the limited evidence available suggests caution when potential exposures to nanoparticlas may ofour.
Due o the limited information about heaith risks from nanomaterials, & i3 prudent {0 take steps for minimizing
worker exposures. Occupationat health risks associated with manufacturing and using nanomaterials are not yet
cleatly understood. Studies have indicated that low solubiBly nanoparticles are more foxic than larger particles on
a mass for mass basis. There are strong indications that particle surface area and sinface chemistry are
responsible for observed respenses in cell cultures and animals. There are indications that nanoparticles can
penetrate through the skin or move from the respiratory system fo other organs. )

Principle Routes of Exposure/
Potential Health efHects
Eyes May causs eye imilation with susceptible persons.
Skin May cause skin iritation in susceplible persons.
Inhalation May be hamdul by inhalation.
Ingestion May be hammful if swalowed.
Carcinogenic effects nong
Mutagenic effects nong
Reproductive toxieity nons
Sensitization none
Revision Date 28-Hov-2a11 Pape 418
Product cuxde QRHMIMEPA Product name Quot® 526 nanacrystals, amine funcionalized *4 p

solutivn”

weerw Eifetechnologies.com
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Qdot® Antibody Conjugation Kit

Target Organ Effects Mo known effecis under nomal use conditions

Ecotoxicity effects Mo information available.
Mobility No mformation available.
Biadegradation Inhierently biodegradabie
Bicaccumulation Does not bioaceumulate:

Bispose of in accordance with local requiations.

IATA
Proper shipping name Not classified as dangerous in the meaning of transport reguiations
Hazard class none
Subsidiary Class none
Packing group none
Ul-No Mone

1.8, Federal Regulations

SARA 12

This product contains the foliowing tooie chemical{s) subject to the notification requirements of seation 313 of Title i of the
Superfund Armendments and Reauthorization Act of 18858. This law requires certain manufacturers o report on annusat emissions of
specified chemicals and chemical categories. Please note that if you repackage. or otherwise redistibute, this product to industrial
customers, & notice similar to this one shoukd be sent to those customers.

Clean Air Act, Section 112 Hazardous Air Pollutants (HAPs) (see 40 CFR 61)
This product does not contains HAPS.

L. 5. State Regulations

California Proposition 65
This product does not contain chemicals listed under Proposition 65

WHMIS hazard class:
Nan-controfied

This producthas been classified acconding to the haszrd criteria of the CPR and the MSDS contains all of the mformation requéred by the CPFR

Revisign Date 28-Mow-2011 Page 558
Product cods Q204 IMFA Product name Odot® 525 nanocrystals, amine functionalized 4 pM
sofution”

wns lifetechnologies com
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Qdot® Antibody Conjugation Kit

Reason fer Revision MG sections updated._
For research usa only. Not intended for human or animal diagnostic or therapeutic uses.

References

= National Institute for Qccupational Safety and Health (MIOSH), U.5., 201
hitp:dhwerw cde_govinioshftopicsinanaiechf

= National Instifiute for Occupational Safety and Health {(NIOSH), U5, 200%:
hitpfwenw_cdc govinoshfidocsi2009-125pdfsl2009- 1 25 pdi

The above information was acquired by diligent search andlor investigation and the recommendations are based on
prudent appiication of professional judgment. The information shall not be taken as being all inclusive and is tc be
used only as & guide. All matedals and mixtures may present unkown hazards and should be used with caution,
Since the Company cannot tortrod he actual methods, volumes, or conditions of use, the Company shall not be held
liable for any damages or losses resulling from the handiing or from contact wiih the product as described herein.
THE INFORMATION IN THIS MSDS DOES NOT CONSTITUTE A WARRENTY, EXPRESSED OR IMPLIED,
INCLUDING ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE.

Enid of Safely Data Sheet
Revision Date 20-New-HH1 Papge 6/8
Product coide QII4IMPA Product name Qudot® 525 nanoorystals, amine functionafized 4 pM
sDiution”
e lifetechnologies.com
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Qdot® ITK™ amino (PEG) quantumn dots

STATE OF CALIFORNIA
Department of Toxic Substances Control

Health and Safety Code Section 57019 Chemical Information Call-in Information -
For Nanometals, Nanometal Oxides, and Quantnm Dots
Decembey 2010

This enclosure is provided for your convenience. You may provide the requested information in wrifing, and attaching
any supplementary materials or explanatory information, in letter or report form.

: SECTION A: CHEMICAL(S) (Check each one which applies for yotr company)

0 Nano Silver {1 Nano Titanium Dioxide 0 Nano Cerium Oxide

O Nano Zero Valent Iron 1 Nano Zinc Oxide X Quantum Dot(s}

"SECTION B: BUSINESS IDENTIFICATION INFORMATION; (chtk one and comiple

[1 Sole Owner X Corporation O Limited Liability | [ Limited Liability | O Unincerporated

Company (LLC) Partnership (LLP) Business Trust
1 Spouses’ [1 Registered 0 General 0 Limited 1 Other: (describe)
Co-ownership Domestic Partnership | Partnership Partnership

1. Name of Sole Owner, Corporation, Partnership, Institute, Other.
Life Technologies Corporation

2. Business Trade Name (“Doing Business As,” if any)
None

3. Business Address (physical location of your business: street number and name, city, state, country, zip or postal
code)
5791 Van Allen Way, Carlsbad, California 92008, USA

4. Muailing Address (street name and number, P.O. box, city, state, couniry, zip or postal code, if different from 3)
The Same as Above

5. Business Website Address(es):
http:/Awww. lifetechnologies.com

6. Name of Owner, Responsible Corporate Officer, Partner, Other.
Sang-Tae Kim

7. Contact Information for Person in 6 above.

Name: Sang-Tae Kim Title: Design-for-Environment/EHS

Business Telephone: 650-554-2798 Email: sang-tae kim@lifetech.com

8. Number of Employees (California employees).
2908

9. NAICS Codefs) for this business: Primary: 325413 Other; Other:

10. Nano Chemical Business Type: (check

. X Manufacturer X Importer X Researcher
applicable)

L SECTION €: CERTIEICATION (FOR THIS COMPLETE SUBMUTTAL

L am fully authorized to prepare and subimit this information, as a formal response to the request pursﬁan't to Health and
Safety Code section 57019(d){(1), and certify the information and statements made herein, and in the attachments, are
correct to the best of my knowledge and belief.

Name: (type or print) Signature: Date:

Sang-Tae Kim /g / <,,’7 December 15, 2011
%/} W — LA
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Qdot® ITK™ amino (PEG) quantum dots

NANOMATERIAL CHEMICAT; AND PHYSICAL P

SECTIOND: A ROPERTIES (Attach additional prges 4 ne
PRODUCT / PRODUCTION INFORMATION

NANO CHEMICAL NAME: Qdot® ITK™ amino (PEG) quantum dots

COMMERCIAL NAME(S): Qdot® 525 TTK™ amino (PEG) quantum dots *8 pM solution®; Qdot® 545 [TK™
amino (PEG) quantum dots *8 pM solution*; Qdot® 565 TTK™ amino (PEG) quantum dots *§ pM solution®; Qdot®
585 ITK™ amino {PEG) quantum dots *§ uM solution®; Qdot® 605 ITK™ amino (PEG) quantum dots *8 pM
solution*; Qdot® 635 ITK™ amino (PEG)} quantum dots *§ uM solution®; Qdot® 705 TTK™ amine (PEG) quantum
dots *8 uM solution*®; Qdot® §00 ITK™ aminoe (PEG) quantum dots *& uM solution*

ANNUAL PRODUCTION VOLUME: Toial annual production is 2.082 grams. Quantity shipped to California is
0.112 gram.

PRODUCTION METHOD(S): Core and core-shell nanoparticles are produced using common colloidal synthesis
technigques. Some examples may be found in the following patents: 6,322,901; 6,815,064, 7,147,712; 7,695,642. Some
examples of methods for applying the amphiphilic coating to these particles to render them water soluble may be found
in the following patent 6,649,138.

IDENTIFICAITON OF THE SUPPLIER(S): Life Technologies is the producer and supplier of these products,

PHYSICAL PROPERTIES

SHAPE (MORPHOLOGY) The morphology of a nanoparticle is most commonly
measured by transmition electron microscopy (TEM) since
it is the only analytical technique with resolution sufficient
to resolve the fine features of a nanoparticle. This
technique is limited, however, since it is most sensitive to
electron dense elements of the nanoparticle like cadmivm,
zinc and selenium and virtyally insensitive to lighter
elements like carbon, hydrogen, oxygen and nitrogen. This
means that shape and morphology information is not
available for nanoparticles that comprise organic coatings.
In other words, TEM can only give you information about
the nanocrystal within a nanoparticle, TEM is further
limited by the fact that the data acquired is only a two
dimensional projection of the three dimensional shape.
Therefore to calculate the volume or surface area, a three
dimensional shape must be assurmed. The size of the
nanoparticle (nanocrystal and organic ligands) can be
measured by size exclusion chromatography (SEC) but this
technique does not have the resolution to provide
morphology information.

DENSITY The density of these materials has not been measured

SURFACE AREA Since we cannot measwre the morphology of Qdot® ITK™
amino (PEG) quantum dot nanoparticles, we cannot
calculate the surface area. If we approximate the
morphology as a sphere and use the SEC sizing data, we
can calculate a spherical surface arca.

Air To the best of our knowledge, no technique is currently
available

Liquid Dynasnic light scattering can give particle size distribution
data, however, several complications exist in interpreting
the data. Some of those caveats include, (1} since gquantum
dots have broad absorbance, any color that emits at longer
wavelengths than the laser will absorb some of the laser
light and make interpretation of the data nearly impossible,
{2) large particles scatter much more efficiently than
smaller particles making detection of small particle
populations difficult.

PARTICLE SIZE
DISTRIBUTION

Solid/ To the best of our knowledge, no technique is currently
Powder available

OTHER (SPECIFY)
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Qdot® ITK™ amino (PEG) quantum dots

CHEMICAL PROPERTIES

CHEMICAL COMPOSITION

The inorganic portion of the nanoparticles (nanocrystal) is
composed of cadmium, selenium, zinc and sulfur. Two of
our nanocrystal products (Qdot 705 and 800} additionally
contain tellurium. The exact composition of the ligand
shell is unknown but NMR has revealed that it is mostly
composed of tetradecylphophonic acid {TDPA) and/or
other phosphorus-containing species. The polymer coating
is an amphipilic molecule that is associated with the
nanoparticle and provides water solubility. The
polyethylene glycol (PEG) coating is attached to the
polymer coating through amide bonds created by reacting
amine-functional PEG molecules with carbodiimide (e.g.,
1-Ethyl-3-[3-dimethylaminopropyljcarbodiimide
hydrochloride) activated carboxylate groups on the
polymer coating,

The chemical
composition of this
polymer is best
described in Patent
Number 6,649,138

SURFACE MODIFICATION
(COATING,
FUNCTIONALIZATION)

The outer surface contains an amphipilic polymer and
polyethylene glycol

The process of
applying this
polymer to the
nanoparticles is best
described in patent
number 6,649,138,

PURITY

Purity is essential for our products. We have most
routinely use SEC to detect and measure impurities. Some
of those impurities include aggregated nanoparticles, free
{unbound) amphiphilic polymer, and other nanoparticle
impurities.

SURFACE CHARGE

We routinely perform gel electrophoresis to confirm the
charge of a particle but we do not quantitate it in terms of
charge density.

Air

We do not handle air dispersions in our operations or R&D

Liquid

DISPERSION

Presence of aggregated particles is routinely measured by
SEC ckromatography. In fact, all of our products and
water soluble intermediates have specifications around the
percentage of these soluble aggregates present in the
solution.

Solid

We do not handle the materials in the solid form, but as a
liquid dispersion. :

IDENTIFYING AND
DETERMINING
CONCENTRATION OF NANO
CHEMCIAL, ITS
METABOLITES, AND
DEGRADATION PRODUCTS
IN SPECIFIED MATRICS
(Water, Air, Soil, Sediment,
Sludge, Chemical Waste, Fish,

Determining the exact concentration of nanoparticles in
any matrix is difficult because routine nanoparticle
counting techniques do not currently exist. The most
common method for determining the concentration of
quantum dots is to measure the optical absorbance in
solution at a concentration where Beer's law is operative
and calculate the concentration using an estimated
extinction coefficient for the material.

A example of a
comman technique
for estimating the
extinction
coefficient for
quantum dot can be
found in this
reference (Chem.
Mater. 2003, 15,

Blood, Adipose Tissue, Urine, 2854-286(0)
Other)
SOLUBILITY | Water Solubie/miscible in water. These products are sold at a

Solubility concentration of 8 micromolar which is in the range of 0.5

mg/mL to § mg/mL depending on the color.

Solubility in Not soluble/miscible in organic solvent

Organic

Solvent

N-OCTANOL-WATER
PARTITION COEFFICIENT

We have not measured this parameter,

STABILITY Flammability
AND
REACTIVITY

These nanoparticle products are sold as dilute (& pM or
approximately 0.5 mg to 8 mg/mL)} aqueous solutions and
are therefore classified with a HMIS flammability rating of
0 (same as water).

Page 3 of 11




Qdot® ITK™ amtine (PEG) quantum dots

Explosiveness

These products do not pose an explosion hazard. This
conclusion is partially based on thermogravimetric analysis
(TGA) of our ITK organic quantum dots. TGA shows that
no weight loss cccurs until about 300 °C. At around 300
°C the particles lose about 10 - 20 % of their mass. This
temperature coincides with the boiling point of the organic
ligands used in the synthesis of quantum dots. No other
weight loss is observed up to a temperature of 650 °C.

Oxidizing
Properties

These products are not strong oxidizing agents.

Oxidation
Reduction
Potential

These products are not strong reducing agents.

Storage
Stability and
Reactivity
(Container
Material)

These products are stable in a variety of container
maferials including, glass and plastic. The product is
packaged and shipped in polypropylene vials,

Stability to
Thermal,
Sunlight, and
Metal(s):

These products arc stable, meaning that they will work for
their intended purpose, to multiple rounds of freezing and
thawing and moderately high temperatures (0 °C to 37 °C).
These products are stable and will work for their intended
purpose with moderate sunfight exposure. Some metals
will quench the florescence from these particles.
Particularly copper (I} and iron (TIT}.

Reference -
Cytometry Part A,
T9A: 84 89, 2011

Life Technologies’ Medical Surveillance and Monitoring Plan requires a bi-annual monitoring of blood and urine
samples as well as an annual physical examination of employees who are involved in manufacturing of quantum dots.
No cadmium was detectable from either blood or urine samples, when analyzed with the use of Inductively Coupled
Plasma/Mass Spectrometry (ICP-MS) (see http://www.aruplab.com/guides/ug/tests/0025040.jsp for detailed
information on sampling and analysis methodology).

We have not determined the 1dcnt1ty and concentration of Qdot® ITK™ amino (PEG) quantum dot nanocrystals in

environmental matrix including air, soil, sediment, sludge, chemical waste, fish, and adipose tissue.
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Qdot® ITK™ amino (PEG) quantum dots

ATTACHMENT 1

MATERIAL SAFETY DATA SHEET
(Sample)
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Qdot® ITK™ amino (PEG) quantum dots

;eife SAFETY DATA SHEET

Identification of the substance/preparation

Produet code Q2154 5P
Product narne Qdot® 525 ITK™ amiro {PEG) quantum dots

Company/Undertaking ldentification

Life Technologies INVITROGEN CORPORATION
5791 VAN ALLEN WAY 5350 MAINWAY DRIVE
PQ BOX 6462 BURLINGTQON, ONT
CARLSBAD, CA 92808 CANADA L 7L 6A4
+1 760 603 7200 800/263-6236
24 hour Emergency Response {Franspori): 866-536-0631

3014318585

Qutside of the V.5, +1-201-431-8585
For research use only. Not imtended for human or animal diagrostic or therapeutic nses.

Revision Date 20-Mov-2a11 Fage 1/8
Product code QRI54IMP Produst rame Qdot® 525 ITK™ ammo (PEG} quantum dots
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Qdot® ITK™ amino (PEG) quantum dots

GHS - Clazsification

Signal Word
not hazardous

Health Hazard
not hazardous

Physical Hazards
not hazardous

Principle Routes of Exposurel
Potential Health effects

Eyes May cause eye imtation with suscepble persons.
SKin May cause skin irvitation in susceptible persons.
Inhalation Kay be hiarmiul by nhalation.
Ingestion May he harmiful if swallowed.
Specific effects
Carcinogenic effects nong.
Mutagenic effects none.
Reproductive toxicity nomne.
Sensitization none
Target Organ Effects Mo known effects under normal use condifions
HMIS
Health 0
Flammability 1]
Reactivity ]

The preduct contains no substances which at their given concentration, are considered to be hazardous to health We
recommend handling all ehemicals with caution.

Revision Dabe 20 Mov-2011 Page 218
Product code QZ1541IMF Product name Qdot 525 [TH™ amino FEG) qusntum dots

voww lifetechnolegies com
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Qdot® ITK™ amino (PEG) quantem dots

Skin contact Rinee with plenty of water. if symploms arise, ¢all a physician.

Eye contact Ringe immediately with plenty of water, also under the eyelids, for at least 15
minutes. f symptons persist, eall a physician.

Ingestion Never give anything by mouth to an unconscious person. If symploms persist, call
a physician. Do not induce vomiting without medical advice.

Inhalation Move to fresh air. if symptoms persist, call a physician. If not breathing, give
atlificial respiration.

Notes to physician Treat symptomatically.

Suitable exfinguizhing media Water spray_ Carbon dinxide (CO2). Foam. Dry chemical.

Special protective equipment for firefighters Wear self-contained breathing apparatus and proteciive
suit

Personal precautions Use persenal protective equipment.
Methods for cleaning up Soak up with ineri abzorbent material.

Environmental precautions

Prevent further leakage or spillage if safe to do s0.

See Section 12 for addifional information,

HandEng Always wear receommendsed Personal Protective Equipment. No specisl hangdling
advice required.
Starage Keep in a dry, ool and well-ventilated place.

Exposure limits

At this time, the fmited evidence available suggests caution when potential exposures to nancpariicles may ocour.
Due to the limited information about health risks from nanomaterials, it is prudent to take steps for minimizing
worker exposures. Research is still needed to understand the impact of nanotechnology on health, and to
determine appropriate exposure monitoring and contro! strategies.

Enginesring measures Ensure adequate ventilation, especially m confined areas.

Personal protective equipment

Respiratory profection In case of insufficient ventitation wear suitable respiratory equipment.

Hand protection Impervious gloves.

Eye protection Safety glasses with side-shields.

Skin and body protection.  Lighiweight protective clothing.

Hygiene measures Handls in accordance with good industrial hygiene and safety practice.
RevisionDate  Z0-Now-2011 Page 318
Product code Q2154 TP Frodfuct name Qdot 525 ITK™ amind (FEG) quarium dots

www Fletechnologies com
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Qdot® ITK™ amino {(PEG) quantum dots

Environmental exposure Prevent product from entering drains.
controls

General Information

Form SUSPENnsion

Appearance liguid

Odor No nformafion available

Buoiling Point¥Range *C no data available *F no data available

Melting pointirange *C no data available °F no data available

Flash point *C no data available °F no data available

Autoignition temperature *C no data available °F no dafa available

Oxidizing properties No information aviiable |
Water solubility soluble |
pH VALUE 83 1

Stability Siable under nermat conditions.

Materials to avoid No dangerous reaction known under conditions of normal use.
Hazardouz decomposition None under normat use

products

polymernzation Hazardous polymerisation does not oceur.

Acute tOKiC‘!I_.'I

At this time, the mited evidence avaifable suggests caution when potenlial exposures to nanoparticles may occur.
Due to the Imited information about health risks from nanonaterials, itis prudent to take steps for minimizing
waorker exposures. Occupational health risks aseociated with manutachiring and using nanomaterials are not yet
clearty understood. Studies have indicated that bow solubilty nanoparticles are more toxic than [arger particies on
amass for mass basis. There are streng indications that parlicle surface area and surface chemistry are
responsible for observed responses in cell cultures and animals. There are indications That nanoparticles can
penetrate through the skin or move from the respiratory system o other organs.

Principle Rowles of Exposure!
Potential Health effectz

Eyes May tause eye amitation with susceptible persons.

SKin May cause skin irrdation in susceplible persons.

nhalation May be hamifil by mhalation.

ingestion May he hamful if swallowed.

Carcinogenic effects none

Mutagenic effects none

Reprodoctive toxicity none

Sensitization none

Target Organ Effects No known effects under normal use conditions
Revision Dale 20-Now 2011 Pape £/6
Product code G2 154 1MP Frocuct name Quioti 020 ITK™ aminn (FEG) guanum dos

mvnw fifetechnologies. com
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Qdot® ITK™ amino (PEG) quantum dots

Ecotoxicity effecis Mo informatien available.
Motlity No information available.
Biodegradation mherently biodegradable
Bicaccumulation Does not bioaccumulate.

Dispose of in accoriance with local mgulalions.

1ATA
Proper shipping name Not classified a5 dangerous in the meaning of transpor regulations
Hazard class none
Subizidiary Class nomne
Packing group rone
UHN-MNg None

U.S. Federal Regulations

SARA 313

This product contains the following Waic chemical(s) subject to the notifivation requirements of section 313 of Titke il of the
Superfund Amendments anid Reawthorization Act of 1886. This faw nequires certain manufacuress ta report on annual emissions of
specified chemicals and chemical categories. Please note that if you repackage, or optherwise sedistribute, this product to industrial
customers, 2 notica similar 1o this one should be sont to thase custmers:

Clean Axr Act, Section 112 Hazardous Air Pollutants (HAPg) {see 20 CFR 61}
This product does not contains HAPs.

U.5. State Regulations

California Proposition 65
This produet doez not contain chemicals listed under Proposition 65

WHMIS hazand class:
Non-controdled

This produet has been dassified acconding to the hazand oriteria of the CPR and the M3D5 containe all of the infanmnation requited by the CPR

Reason for Revison M)SD5 sections updated.
Rewvision Date 28-Mov-2011 Pape 578
Product code [srdiisd iy Product rame Gdot® 5256 ITK™ anme (PEG) quakitan dots

wrwrw. lifetechnologies.com
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Qdot® ITK™ amino (PEG) quantum dots

For research use only. Not intended for human or animal diagnostic or therapeutic uses.

References

+ National Institute for Qocupational Safety and Health (NIOSH), U5, 2016:
httpiwww. cde.govinioshitopics/nanctechi

+* Nafional Instifute for Cceupational Safety and Health (NIOSH), .5, 2009
ntip-fiwenwr. cde goviniosh/docs2009-125pdis2009-125 pdf

The above information was acquired by difigent search andfor investigation and the recornmendations are based on
prudent application of professional judgment. The mformation shall not be taken as being ali inclusive and is to be
used only as a quide. All materials and miktures may present unkown hazards and should be used with cantion.
Since the Company cannot controd the actual methods, volumes, or conditions of use, the Company shall not be hald
liable for any damages or losses resulting from the handiing or from contaet with the preduct as described herein.
THE INFORMATION IM THES MSDS DOES NOT CONSTITUTE A WARRENTY, EXPRESSED OR IMPLIED,
INCLUDING ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PUROSE.

En of Safety Data Sheet

Hevsion Date 20-Hne-Z01E Page 616
Product code G2 G4 1ME Product rame Qdotl 525 ITK™ amno (PEG) quantum dots

v lifetechnologies come
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Qdot® Biotin Conjugate Kit

STATE OF CALIFORNIA
Department of Toxic Substances Control

Health and Safety Code Section 57019 Chemical Information Call-in Information
For Nanometals, Nanometal Oxides, and Quantom Dots
December 2610

This enclosure is provided for your convenience. You may provide the requested information in writing, and attaching
any supplementary materials or explanatory information, in letter or report form,

ich s for your
0 Nano Titanium Dioxide | O Nano Cerium Oxide

{1 Nano Zero Valent Iron 0 Nano Zinc Oxide X Quantum Dof(s)

 SECTION B: BUSINESS IDENTIFICATION INFORMATION (check one and comp
O Sole Owner X Corporation [l Limited Liability | {0 Limited Liability | & Unincorporated
Company (LLC) Partnership (LLP) Business Trust
00 Spouses’ O Registered [l General {1 Limited {1 Other: (describe)
Co-ownership Domestic Parinership | Partnership Partnership :

1. Name of Sole Owner, Corporation, Partnership, Institute, Other.
Life Technologies Corporation

2. Business Trade Name (“Doing Business As, ” if any)
None

3. Business Address (physical location of your business. strect member and name, city, state, country, zip or postal
code)
5791 Van Allen Way, Carlsbad, California 92008, USA

4. Mailing Address (street name and number, P.O. box, city, state, country, zip or postal code, if different from 3}
The Same as Above

5. Business Website Addressfes):
hitp/fwww lifetechnologies.com

6. Name of Owner, Responsible Corporate Officer, Partner, Other.
Sang-Tae Kim

7. Contact Information for Person in 6 above.

Name: Sang-Tae Kim Title: Design-for-Environment/EHS

Business Telephone: 650-554-2798 Email: sang-tae kim@lifetech.com

8. Number of Employees (California employees).
2908

9. NAICS Code(s)} for this business: Primary: 325413 Other: Other;

10. Nano Chemical Business Tvpe: (check
applicable)

X Manufacturer X Tmporter X Researcher

Tam fully authorized to pfepare and subrmit this information, as a formal response to the request pursuant to Health and

Safety Code section 57019(d)(1), and certify the information and statements made herein, and in the attachments, are
cotrect to the best of my knowledge and belief,

Name: (type or print) Signature: Date:

Sang-Tae Kim ‘ f %= December 15, 2011
%ﬂ;ﬁ Y LA
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Qdot® Biotin Conjugate Kit

. SECTION. D! NANOMATERIAL CHEMICAL AND PHYSICAE PROPERTIES (Altach additional pages as nceded)

PRODUCT / PRODUCTION INFORMATION

NANO CHEMICAL NAME: Qdot® Biotin Conjugate Kit

COMMERCIAL NAME(S): Qdot® 605 Biotin Conjugate Kit; Qdot® 655 Biotin Conjugate Kit

ANNUAL PRODUCTION VOLUME: Total annual production is 0.039 gram. Quantity shipped to California is 0.003
gram.

PRODUCTION METHOD(S): Core and core-shell nanoparticles are produced using common colloidal synthesis
techniques. Some examples may be found in the following patents: 6,322,901; 6,815,064; 7,147,712; 7,695,642, Some
examples of methods for applying the amphiphilic coating to these particles to render them water soluble may be found
in the following patent 6,649,138,

DENTIFICAITON OF THE SUPPLIER(S): Life Technologies is the producer and supplier of these products._

PHYSICAL PROPERTIES

SHAPE (MORPHOLOGY) The morphology of a nanopatticle is most commonly
measured by transmition electron microscopy (TEM) since
it is the only analytical technique with resolution sufficient
to resolve the fine features of a nanoparticle. This
technique is limited, however, since it is most sensitive to
electron dense elements of the nanoparticle like cadmium,
zinc and selenium and virtually insensitive to lighter
elements like carbon, hydrogen, oxygen and nitrogen. This
means that shape and morphology information is ot
available for nanoparticles that comprise organic coatings.
In other words, TEM can only give you information about
the nanocrystal within a nanoparticle. TEM is further
limited by the fact that the data acquired is only a two
dimensional projection of the three dimensional shape.
Therefore to calculate the volume or surface area, a three
dimensional shape must be assumed. The size of the
nanoparticle (nanocrystal and organic ligands) can be
measured by size exclusion chromatography (SEC) but this
technique does not have the resolution to provide
morphology information.

DENSITY The density of these materials has not been measured

SURFACE AREA Since we cannot measure the morphology of Qdot® Biotin
Conjugate Kit nanoparticles, we cannot calculate the
surface area. If we approximate the morphology as a
sphere and use the SEC sizing data, we can calculate a
spherical surface area.

Air To the best of our knowledge, no technique is currently
available

Liquid Dynamic light scattering can give particle size distribution
data, however, several complications exist in interpreting
the data. Some of those caveats include, (1) since quantum
dots have broad absorbance, any color that emits at longer
wavelengths than the laser will absorb some of the laser
light and make interpretation of the data nearly impossible,
(2) large particles scaiter much more efficiently than
smaller particles making detection of small particle
populations difficult,

Solid/ To the best of our knowledge, no technique is currently
Powder availabie

PARTICLE SIZE
DISTRIBUTION

OTHER (SPECIFY)

CHEMICAL PROPERTIES

CHEMICAL COMPOSITION The inorganic portion of the nanoparticles (nanocrystal) is | The chemical
composed of cadmium, selenium, zinc and sulfur. The composition of this
exact composition of the ligand sheli is unknown but NMR | polymer is best
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Qdot® Biotin Conjugate Kit

has revealed that it is mostly composed of
tetradecylphophonic acid (TDPA) and/or other
phesphorus-containing species. The polymer coating is an
amphipilic molecule that is associated with the
nanoparticle and provides water solubility. The
polyethylene glycol (PEG) coating and biotin functionality
1s attached to the polymer coating through amide bonds
created by reacting bifunctional (e.g., amine and biotin)
PEG molecules with carbodiimide (e.g., 1-Ethyl-3-[3-
dimethylaminopropyl]carbediimide hydrochloride)
activated carboxylate groups on the polymer coating,

described in Patent
Number 6,649,138

SURFACE MODIFICATION
(COATING,
FUNCTIONALIZATION)

The outer surface contains an amphipitic polymer,
polyethylene glycol and biotin,

The process of
applying this
polymer to the
nanoparticles is best
described in patent
number 6,649,138.

PURITY

Purity is essential for our products. We have most
routinely use SEC to detect and measure impurities. Some
of these imparities include aggregated nanoparticles, free
(unbound) amphiphilic polymer, and other nanoparticle
impurities.

SURFACE CHARGE

‘We routinely perform gel electrophoresis to confirm the
charge of a particle but we do not quantitate it in terms of
charge density.

Air

We do not handle air dispersions in our operations or R&D

Liquid

DISPERSION

Presence of aggregated particles is routinely measured by
SEC chromatography. In fact, all of our products and
water soluble intermediates have specifications around the
percentage of these soluble aggregates present in the
solution,

Solid

We do not handle the materials in the solid form, butas a
tiquid dispersion.

IDENTIFYING AND
DETERMINING
CONCENTRATION OF NANO
CHEMCIAL, ITS
METABOLITES, AND
DEGRADATION PRODUCTS
IN SPECIFIED MATRICS
(Water, Air, Soil, Sediment,
Sludge, Chemical Waste, Fish,

Determining the exact concentration of nanoparticles in
any matrix is difficult because reutine nanoparticle
counting techniques do not corrently exist. The most
common method for determining the concentration of
quantum dots is to measure the optical absorbance in
solution at a concentration where Beer's law is operative
and calculate the concentration using an estimated
extinction coefficient for the material.

A example of a
common technigue
for estimating the
extinction
coefficient for
quantum dot can be
found in this
reference (Chem.
Mater, 2003, 15,

Blood, Adipose Tissue, Urine, 2854-2860)
Other)
SOLUBILITY | Water Soluble/miscible in water. These products are sold at a
Solubility concentration of 2 micromolar which is in the range of
0.125 mg/mL to 2 mg/ml, depending on the color.
Solubility in Not soluble/miscible in organic solvent
Organic
Solvent
N-OCTANOL-WATER We have not measured this parameter,
PARTITION COEFFICIENT
STABILITY Flammability | These nanoparticle products are sold as dilute {2 uM or
AND approximately 0.125 mg to 2 mg/mL) aqueous solutions
REACTIVITY and are therefore classified with a HMIS flammability
rating of 0 {(same as water).
Explosiveness | These products do not pose an explosion hazard. This
conclusion is partially based on thermogravimetric analysis
(TGA)} of our ITK organic quantum dots. TGA shows that
no weight loss occurs until about 300 °C. At around 300
°C the particles lose about 10 - 20 % of their mass. This
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Qdot® Biotin Conjugate Kit

temperature coincides with the boiling point of the organic
ligands used in the synthesis of quantum dots. No other
weight loss is observed up to a temperature of 650 °C,

Oxidizing
Properties

These products are not strong oxidizing agents,

Oxidation
Reduction
Potential

These products are not strong reducing agents.

Storage
Stability and
Reactivity
(Container
Material}

These products are stable in a variety of container
materials including, glass and plastic, The product is
packaged and shipped in polypropylene vials.

Stability to
Thermal,
Sunlight, and
Metal(s)

These products are stable, meaning that they will work for
their intended purpose, to multiple rounds of freezing and

thawing and moderately high temperatures (0 °C to 37 °C).

These products are stable and will work for their intended
purpose with moderate sunlight exposure. Some metals
will quench the florescence from these particles.
Particularly copper (31} and iron (III).

Reference -
Cytometry Part A,
T9A: 84 89, 2011

ared

" Attached is éurfé:ﬁt bSMatenai Sa et& Data Shéet (MSDS) See Atta{éﬁmeht 1

Life Technologies® Medical Surveillance and Monitoring Plan requires a bi-annual monitoring of blood and urine
samples as well as an annual physical examination of employees whe are involved in manufacturing of quantum dots.
No cadmium was detectable from either bleod or urine samples, when analyzed with the use of Inductively Coupled
Plasma/Mass Spectrometry (ICP-MS) (see http://www.aruplab.com/guides/ug/tests/0025040,jsp for detailed
information on sampling and analysis methodology).

We have not determined the identity and concentration of Qdot® Biotin Conjugate Kit nanoparticles in environmental
mairix including air, soil, sediment, sludge, chemical waste, fish, and adipose tissue.

Page 4 of 11




Qdot® Biotin Conjugate Kit

ATTACHMENT 1

MATERIAL SAFETY DATA SHEET
(Sample)
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Qdot® Biotin Conjugate Kit

L# SAFETY DATA SHEET

ldentification of the swhstance/preparation

Product code 10IHMPCOMPONENTA
Prodoct name Odot® 655 biotin eonjugate *2 yM solution®

Company/Undertaking ldentification

Life Technologies INVITROGEN CORPORATION
57 VAN ALLEN WAY 5250 MAINWAY DRIVE
PO BOX 6482 BURLINGTON, ONT
CARLSBAD, CA 92008 CANADA LTL 6A4
+1 760 603 7200 BOOS263-6236
24 hour Emergency Response {Transpori); 866-536-0631

A1-431-6585

Outside of the U.S. +1-301-431-8585
For research use only. Not intended for human or animal diagnostic or therapeutic uses.

Rewision Date 20-Nov-2011 Pape 17
Product code CHODIMFCOMPONENTA Product nama Qdot® 605 biotin conjugate "2 1M solutivn”

wwwiifetechnologies. com
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Qdot® Biotin Conjugate Kit

GHS - Classification

Signal Word
not hazardous

Health Hazard
not hazardous

Physical Hazards
not hazardous

Principle Roufes of Exposure/

Polential Health effects
Eyexz May cause eye initation with susceplible persons.
Skin May cause skin imitation in susceptible persons.
Irhalation May be hamifil by mhalation.
Ingestion May be harmh if swallowed._
Specific effects
Carcinogenic effects none.
Mutagenic effects ROMNE.
Reproductive toxicity none.
Sensitization nong
Target Drgan Effects Mo known effects under nomal use conditions
HMIS
Health 1]
Flammabikity i)
Reactivily i]

The product contains no substances which at their given concentration, are considerad io be hazardous to health. We
recommersd handling all chemicals with caution.

Rewision Date 20-Mow-201 Page /7
Product code Q30 IMPCOMPONENTA Product name Gdot® 505 biatn conjugate "2 LM solution”

wyew lifetechnologies.com
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Qdot® Bictin Conjugate Kit

Skin contact Rinse with plenty of waler. if symptoms arise, call a physician. -

Eye contact Rinze immediately with plenty of water, aiso under the eyelids, for at least 15
minules. If syinploms persist, talf a physician.

Ingestion Never give anything by mouth to an unconscious perzon. if symptoms persist, call
a physician. Do notinduce vomiting without medical adviee.

inhalation Move to fresh air. If symploms persist, call a physician. i not breathing, give
artificial respiration.

MNotes to physician Treat symptomatically.

Suitable extinguishing media Water spray. Carbon dioxide {C02). Foam. Dry chemical.

Special protective equipment for firefighters Wear self-contained breathing apparatus and protective
SUEL

Perzonal precautions Use perscnal proteclive equipment
Methods for cleaning up Soak up with inert absorbent material.

Environmental precautions
Prevent further leakage or spiliage if 2afe to do sa.

See Section 12 for addiional infoermation.

Handling Always wear reccommended Personal Protective Equipment. No special handiing
advice required.
Storage Keep n a dry, cocol and well-ventilated place.

Exposure limits

At this time, the imited evidence available suggests caution when potential exposures to nancparticles may OGcur.
Due fo the Iimiied information about heutth risks from nanomatesials, it is prudent to take steps for minimizing
warker exposwes, Research is still needed to understand the impact of nanotectmology on health, and to
determine appropriate exposure monitoring and control sirategies.

Engineering measures Ensure adequate ventilation, especially n confined areas.

Personal profective equipment

Respiratory profection In case of insufficient ventilation wear suitable respiratory equipment.
Hand protection Impervious gloves.
Eye protection Safely glasses with side-shields.

Skin and body protection.  Lightweight protective clothing.

Revision Date 20-boe- 2011 Page 347
Product code 1030 IMPCOMPONENTA Product name Ddoth 685 biotin conjugate *2 yM scution”

ww lifetechnologies com
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Qdot® Biotin Conjugate Kit

Hygiene measures Handle in accordance with good industrial hygiene and safely practice.
Environmenital exposure Prevent product from entering drains.
confrols

General Information

Form SuSpension

Appearance liquid

Cdor Ko mformation available

Boiling PointiRange °C no dala available °F no data available
Melting pointitange *C no data available *F no data available
Flash point *C no data available *F no data available
Autoignition temperature *C no data availahie *F no data availabie
Oxidizing properties No mfosmation available.

Water solubility soluble:

pH VALUE 83

Stability Stable under nomal conditions.

Materials to avoid Mo dangerous reaction known under conditions of normal use.
Hazardous decomposition MNone under normal use

praducts

pelymerization Hazardous polymerisation does not eccur,

Acute toxicity

At this time, the Iimited evidence available suggests caution when potential exposures tn nanoparticies may occur.
Due: o the: [Invied information about health risks from nanomaterials, it is pradent io take steps for minimizing
worker exposures_ Occupalional health risks associated with manufaciuring and using nanomaterials are not yet
tleary understood. Sudies have indicated that low solubility nanoparticles are more toxic than larger partictes on
a mass for mass basis. There are strong indications that particle surface area and surface chemisiry are
responsible for observed responses in cell cultlures and animals. There are indications that nanoparticles can
penetrate hrough the skin or move from the respiratory system to other organg,

Principle Ronfes of Exposuref
Potential Health effects
Eyes May cause eye irifation with susceplible perzons.
skin May cause skin imitalion in susceptible persons,
Inhalation May be hamful by Inhalation.
Ingestion May be hammiul if swalowed.
Carcinogenic effeciz none
Mutagenic effects none
Revision Date 28-Nov-2011 Page 417
Product code MOV IMPCOMPONENTA Produet name Qdoti 605 biotn congugate "2 pM solution®

www.lifetec hnologies . com
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Qdot® Biotin Conjugate Kit

Reproductive toxicity none
Sensitization nong
Target Organ Effectz No knowsr effects under normal use condifions

Ecotoxicity effects No information available.
Mobility Mo mformation available.
Biodegradation Inherently biodegradable
Bioaccamilation Does nof oaccumulaie,

Dispose of in aecordance with loeal reguiations.

IATA
Proper shipping name Mot ciassified as dangerous in the meaning of transpert regulations
Hazard class none
Subsidiary Class none
Packing group nong
UN-No None
Revision Date  Z0-Now-2011 Fage 547
Product code O30 TMPCOMPONENTA Praduet name Qdot® 805 bintin confirgate "2 uhd solution”

vworw lifetechnologies com
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Qdot® Biotin Conjugate Kit

iLien azide
26628-22-8 { <0.1 )

U. 5. Federal Regulations

S5ARA 313

This product contains the following toxic chemical{s} subject 16 the nofification requirements of section 313 of Titke Il of the
Superfand Amendments and Roauthasization Act of 1888, This law requires certain manuiacturers to report on anfiual emissions of
spacified chemicals and chemical categories. Please note that if you repackage, or otherwise redistibiste, this product to industrial
customers, a netice similar to this one should be sent to those custbmers:

Chemical Name CAS-Ne Weight % 5ARA 313 - Threshold Values
Sodium azide 28628-22-8 <{L1 1.0

Clean A Act, Section 112 Hazardous Air Pollutants (HAPz) {see 40 CFR 61}
This product does nut eontains HAPs.

L1 S, State Hegulations

California Proposition 65
This product does not confain chemicals listed under Propasition 65

WHMIS hazard class:
Non-coptmiled

This product has been dassified acconding to the hazand criteria of the CPR and the MSDS contaimns all of the information required by the CPR

Reason for Revision {M)SDE sections updated.

For research use only. Not intended for human or animat diagnostic or therapeulic uses.

References

= Nafionat Instifute for Qceupational Safety and Health (NIOSH), U.S_, 2016:
http-#arww cdc_govinioshftopicsinanolechf

* National Instifute for Occupational Safety and Health {NIOSH), U.S_, 2009;
http Farww_cde_govinioshidocsl2009- 1 25/pdis/2000- 125 pdf

The above information was acquired by diligent search andfor investigation and the recommendations are based on
prudent application of professional judgment. The information shall not be taken as being all inclusive and is fo be
used only as a guide. All matesials and mixtures may present unkown hitzards and should be used with caution.
Since the Company cannot control the actual methods, volumes, or conditions of use, the Company shall not be held
liable for any damages or losses resulling from the handiing or from contact with the product as described herein.
THE INFORMATION BN THIS MSDS DOES NOT CONSTITUTE A WARRENTY, EXPRESSED OR IMPLIED,
INCLUDING ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITHESS FOR ANY PARTICULAR PURPQSE.

End of Safely Dotz Sheet

Revision Date 26-Nov-201% . Page 877
Praduct code CHIANNMPCOMPONENTA Product name Qoo 605 bictin confuegate "2 uM solution®

e Jifetechnologies com
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_SECTION A: CHEMICAL(S) (Check cach one which applies:for your cotpany)

Qtracker® non-targeted quantum dots

STATE OF CALIFORNIA
Department of Toxic Substances Control

Health and Safety Code Section 57019 Chemical Infermation Call-in Information
For Nanometals, Nanometal Oxides, and Quantum Dots
December 2010

This enclosure is provided for your convenience. You may provide the requested information in writing, and attaching
any supplementary materials or explanatory information, in letter or report form,

£ Nano Silver ] Nano Titanium Dioxide [0 Nano Cerium Oxide

0 Nano Zero Valent Iron 0 Nano Zinc Oxide X Quantum Dot(s)

O Sole Owner X Corporation D Lm:uted Llablhty D Limlted Llablllty O Umncorporated
Company (LLC) Partnership (LLP) Business Trust

0 Spouses’ 01 Registered ] General {1 Limited 3 Other: (describe)

Co-ownership Domestic Partnership | Partnership Partnership

1. Name of Sole Owner, Covporation, Partnership, Institute, Other.
Life Technologies Corporation

2. Business Trade Name (“Doing Business 4s, " if any)
None

3. Business Address (physical location of your business: street number and name, city, state, couniry, zip or postal
code}
5791 Van Allen Way, Carlsbad, California 92008, USA

4. Muailing Address (street name and number, P.O. box, city, state, country, zip or postal code, if different fmm 3)
The Same as Above

5. Business Website Addressfes):
http:/Awrww lifetechnologies.com

6. Name of Owner, Responsible Corporate Officer, Partner, Other.
Sang-Tae Kim

7. Contact Information for Person in 6 above.

Name: Sang-Tae Kim Title: Manager, Design-for-Environment

Business Telephone: 650-554-2798 Email: sang-tae kim@lifetech.com

8. Number of Employees (California employees).

2908

9. NAICS Code(s) for this business: Primary: 325413 Other: Other:

10. {Vano Chemical Business Type: (check X Manufacturer X Importer X Researcher
applicable)

SECTION C: CERTIFICATION (FOR THIS COMPLETE SUBMITIAL)

Iam fully authorized to prepare and submit this information, as a formal response to the request pursuant to Health and .
Safety Code section 57019%(d)(1), and certify the information and statements made herein, and in the attachments, are
correct to the best of my knowledge and belief.

Name: (type or print) Signature' Date:

Sang-Tae Kim Q December 15, 2011
,7/ A~ 4/\
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Qtracker® non-targeted quantum dots

_SECTION D: NANOMATERIAL CHEMICAL AND PHYSICAL PROPERTIES {Atiach additional pages s necded)

PRODUCT / PRODUCTION INFORMATION
NANO CHEMICAL NAME: Qtracker® non-targeted quantum dots

COMMERCIAL NAME(S): Qtracker® 565 non-targeted quantum dots; Qiracker® 655 non-targeted quantum dots;
Otracker® 705 non-targeted quantum dots; Qiracker® 800 non-targeted quantum dots

ANNUAL PRCDUCTION VOLUME: Totat annual production is 0.038 gram. Quantity shipped to California is 0.009
gram.

PRODUCTION METHOD(S): Core and core-shell nanoparticles are produced using common colloidal synthesis
techniques. Some examples may be found in the following patents: 6,322,901; 6,815,064; 7,147,712; 7,695,642, Some
examples of methods for applying the amphiphilic coating to these particles to render them water soluble may be found
in the following patent 6,649,138,

IDENTIFICAITON OF THE SUPPLIER(S): Life Technologies is the producer and supplier of these products.

PHYSICAL PROPERTIES

SHAPE (MORPHOLOGY) The morphology of a nanoparticle is most commonly
measured by transmition electron microscopy (TEM) since
it is the only analytical technique with resolution sufficient
to resolve the fine features of & nanoparticle. This
technique is limited, however, since it is most sensitive {0
electron dense elements of the nanoparticle like cadmium,
zine and selenium and virtually insensitive to lighter
elements like carbon, hydrogen, oxygen and nitrogen. This
means that shape and morphology information is not
available for nanoparticles that comprise organic coatings.
In other words, TEM can only give you information about
the nanocrystal within a nanoparticle. TEM is further
limited by the fact that the data acquired is only a two
dimensional projection of the three dimensional shape.
Therefore to calculate the volume or surface area, a three
dimensional shape must be assumed, The size of the
nanoparticle (nanocrystal and organic ligands) can be
measured by size exclusion chromatography (SEC) but this
technique does not have the resolution to provide
morphology information.

DENSITY The density of these materials has not been measured

SURFACE AREA Since we cannot measure the morphology of Qtracker®
non-targeted quantum dot nanoparticles, we cannot
calculate the surface area. If we approximate the
morphology as a sphere and use the SEC sizing data, we
can calculate a spherical surface area.

Air To the best of our knowledge, no technique is currently
available

Liquid Dynamic light scattering can give particle size distribution
data, however, several complications exist in interpreting
the data. Some of those caveats include, (1) since quantum
dots have broad absorbance, any color that emits at longer
wavelengths than the laser will absorb some of the laser
light and make interpretation of the data nearly impossible,
(2) large particles scatier much more efficiently than
smaller particles making detection of smalj particle
populations difficult.

PARTICLE SIZE
DISTRIBUTION

Solid/ To the best of our knowledge, no technique is currently
Powder available

OTHER (SPECIFY)

CHEMICAL PROPERTIES

CHEMICAL COMPOSITION The inorganic portion of the nanoparticles (nanocrystal} is | The chemical
composed of cadmium, selenium, zinc and suifur, Two of | composition of this
our nanocrystal products (Qdot 705 and 800) additionalty | polymer is best
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Qtracker® non-targeted quantum dots

contain tellurium. The exact composition of the ligand
shell is unknown but NMR has revealed that it is mostly
composed of tetradecylphophonic acid (TDPA) and/or
other phosphorus-containing species. The polymer coating
is an amphipilic molecule that is associated with the
nanoparticle and provides water solubility. The
polyethylene ghycol (PEG) coating is attached to the
polymer coating through amide bonds created by reacting
amine-functional PEG molecules with carbodiimide (e.g.,
1-Ethyl-3-[3-dimethylaminopropyl Jcarbodiimide
hydrochloride) activated carboxylate groups on the
polymer coating,

described in Patent
Number 6,649,138

SURFACE MODIFICATION The outer surface contains an amphipilic polymer and The process of
{COATING, polyethylene glycol. applying this
FUNCTIONALIZATION} polymer to the
nanoparticles is best
described in patent
number 6,649,138,
PURITY Purity is essential for our products. We have most
routinely use SEC to detect and measure impurities. Some
of those impurities include aggregated nanoparticles, free
{unbound) amphiphilic polymer, and other nanoparticle
Impurities.
SURFACE CHARGE We routinely perform gel electrophoresis to confirm the
charge of a particle but we do not quantitate it in terms of
charge density.
Air We do not handle air dispersions in our operations or R&D
Liquid Presence of aggregated particles is routinely measured by
SEC chromatography. In fact, all of our products and
DISPERSION water soluble intermediates have speciﬁcations_ around the
percentage of these soluble aggregates present in the
solution.
Solid We do not handle the materials in the solid form, butasa
liguid dispersion.
IDENTIFYING AND Determining the exact concentration of nanoparticles in A example of a
DETERMINING any matrix is difficult becauvse routine nanoparticle common technique
CONCENTRATION OF NANO | counting techniques do not currenily exist. The most for estimating the
CHEMCIAL, ITS common method for determining the concentration of extinction
METABOLITES, AND quantum dots is to measure the optical absorbance in coefficient for
DEGRADATION PRODUCTS | solution at & concentration where Beer's law is operative quantum dot can be

IN SPECIFIED MATRICS and calculate the concentration using an estimated found in this
(Water, Air, Soil, Sediment, extinction coefficient for the material, reference (Chem.
Sludge, Chemical Waste, Fish, Mater. 2003, 15,
Blood, Adipose Tissue, Urine, 2854-2860)
Other)
SOLUBILITY | Water Soluble/miscible in water. These products are sold ata
Solubility concentration of 2 micromolar which is in the range of
0.125 mg/mL to 2 mg/mL depending on the color,
Solubility in Not soluble/miscible in organic solvent
Organic
Solvent
N-OCTANOL-WATER We have not measured this parameter,
PARTITION COEFFICIENT
STABILITY Flammability | These nanoparticle products are soid as dilute (2 pM or
AND approximately 0.125 mg to 2 mg/ml) aqueous solutions
REACTIVITY and are therefore classified with a HMIS flammability
rating of O (same as water),
Explosiveness | These products do not pose an explosion hazard. This
conclusion is partially based on thermogravimetric analysis
(TGA) of our TTK organic quantum dots. TGA shows that
no weight loss occurs until about 300 °C. At around 300
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Qtracker® non-targeted quantym dots

°C the particles lose about 10 - 20 % of their mass. This
temperature coincides with the boiling point of the organic
ligands used in the synthesis of quantum dots. No other
weight loss is observed up to a temperature of 650 °C.

Oxidizing
Properties

These products are not strong oxidizing agents.

Oxidation
Reduction
Potential

These products are not strong reducing agents.

Storage
Stability and
Reactivity
{Container
Material)

These products are stable in a variety of container
materials including, glass and plastic. The product is
packaged and shipped in polypropylene vials.

Stability to
Thermal,
Sunlight, and
Metal(s)

These products are stable, meaning that they will work for
their intended purpose, to multiple rounds of freezing and

thawing and moderately high temperatures (0 °C to 37 °C).

These products are stable and will work for their intended
purpose with moderate sunlight exposure. Some metals
will quench the florescence from these particles.
Particularly copper (I1) and iron (I11).

Reference -
Cytometry Part A,
7T9A: 84 89, 2011

Life Technologies” Medical Surveillance and Monitoring Plan requires a bi-annual monitoring of blood and urine
satnples as well as an annual physical examination of employees who are involved in manufacturing of quantum dots.
No cadmium was detectable from cither blood or urine samples, when analyzed with the use of Inductively Coupled
Plasma/Mass Spectrometry (ICP-MS) (see hitp://www.aruplab.com/guides/ug/tests/0025040.jsp for detailed
information on sampling and analysis methodblogy),

We have not determined the identity and concentration of Qtracker® non-targeted quantum dot nanoparticles in
environmental matrix including air, soil, sediment, sludge, chemical waste, fish, and adipose tissue.
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Qtracker® non-targeted quantum dots

ATTACHMENT 1

MATERIAL SAFETY DATA SHEET
(Sample)
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Qtracker® non-targeted quantum dots

Lif SAFETY DATA SHEET

Idenlification of the substance/preparation

Product code Q2102idP
Product name Qirackerd 655 non-targeted quantum dots

Company/Undertaking Identification

Life Technologies INATROGEN CORPORATION
5791 VAN ALLEN WAY 5250 MAINWAY DRIVE
P BOX 6482 BURLINGTON, ONT
CARLSBAD, CA 92008 CAMADA L7L 6A4
+1 76{ 603 7300 BOOM263-6236
24 hour Emergency Response {Transpori}: 866-536-06231

301-431-0585

Outside of the U 5. +1-301-431-8585
For research use only. Not intended for human or animal diagnostic or therapeutic uses,

Revision Date  26-Now-2011 Page 118
Froduct code: QZ1021MF Product name Qiracker® 055 non-targebed quantum dats

www lifelechnologies com
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Qtracker® non-targeted quantum dots

GHS - Clagsification

Signal Word
not hazardous

Health Hazard
not hazardous

Physicat Hazards

not hazardous
Frinciple Routes of Exposuref
Potential Health effects
Eyes May cause eye imtalion with susceptible persons.
Skin May cause skin imtation in susceptible persons.
Inhalation May be hamndil by inhalation.
Ingestion May be hamful if swaliowed.
Specific effects
Carcinogenic effects none.
Mutagenic effects none.
Reproductive toxicity none.
Sensitization none
Target Organ Effects No known effecis under normal use conditions
HMIS
Health 0
Flammabifity 4]
Reaclivily 0

The product contains no substances which at their given concendration, are considered to be hazardous fo hesith. We
recommend handling all chemicals with caution.

Revision Date 26-Now- 2011 Fage 218
Product code QZIBZIMP Froduct name Giracker® 655 non-tameted quanium doss

wrw fifetechnologies com
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Qtracker® non-targeted quantum dots

Skin contact Rinze with plenty of water. If symptoms arise, call  physician.

Eye contact Rinze immediately with plenty of waler, also under the eyelids, for at lcast 15
minutes. i symptems pemist, calf a physician.

Ingestion Never give anything by mouth to an unconscious person. If symploms persist, call
a physician. Do not induce vomiting without medical adviee.

Inhatation Move to fresh alr. T symploms persist, call a physician. If not breathing, give
artificial respiration.

HNotes to physician Treat symptomatically

Suitable extinguishing media Water spray. Carbon dionide {C02). Foam. {My chemical.
Special protective equipment for firefighters Wear self-contained breathing apparatus and protective
suit

Personal precautions Use personal protective aquipment.
Methods for cleaning up Soak up with inert absorbent material.

Environmental precautions

Prevent further leakage or spillage if safe to do so.

See Section 12 for additional information,

Handling Always wear reccommended Personat Protective Equipment. No special handling

advice required.
Storage Keep in a dry, coot and weil.ventilated place.

Exposure imits

At this time, the lanited evidence available suggests caution when potential exposures to nanoparticles may ocour.
Due to the linited information about health risks from nanomaterials, it is prudent to take steps for minimizing
worker exposures. Research is still needed to undorstand the impact of nanoteehnology on hesfth, and to
determine approprate exposure monitoring and contro! sirmtegies.

Engineering meazsures Ensure adequate ventilalion, especially i1 confined areas.

Persomal protective equipment

Respiratory protection in cage of insufficient ventilation wear suitable respiratory equipment.

Hand protection Impervious gloves.

Eye protection Safety glasses with side-shields.

Skin and body protection.  Lightweight protective clothing.

Hygiene measures Handie in accordance with good indusirial hygiene and safely practice.
Revision Date 20-Nw-2011 Page 3@
Product eode QZ10MP Product name Qtacker® 655 nontageted quantum dots

www Jifetechnclogies com
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Qtracker® non-targeted quantum dots

Environmental exposure
controis

Prevent product from emtering drains.

General Information

Form

Appearance

Odor

Boilirg Point/Range
Helting pointirange
Flash point

Autoignition temperahure
Onadizing properties
Water zolability

pH VALUE

suspension

Equid

No mformation avaiable

°C no data avallabile F no daia available -
°C no data available °F no daia available

°C no data available °F no data available

°C ro dala available °F no data available

No information available.

soluble

83

Stability

Materials to avoid
Hazardous decomposificn
products

polymerization

Stable under nomnal conditions.
HNao dangerous reaction known under conditions of normat use.
None under normal use

Harardous polymerisation does not oceur.

Acute foxicity

At this time, the limited evidence available suggests caution when potential exposures to nanoparticles may ocour.
Due to the lEnited information about health risks from nanomaterials, 1t is prudent 10 take steps for minimizing
worker exposures. Occupational health risks associated with manufacturing and using nanomaierials are not yet
clearly undersiood. Studies have indicated that Jow solubifity nanoparticies are more foxic than larger particles on
a mass lor mass basis. There are sirong indications that particle surface area and surface chemistry are
responsible for observed responses in cell cultures snd animals. There are indicaions that nanopardicles can
penetrate through the skin of move from the respiratery system to other organs.

Principie Routes of Exposuref

Potential Health effects
Eyes
SKin
inhalation
Ingestion

Carcinogenic effects
Mutagenic effects
Reproductive toxicity
Sensitization

Target Organ Effects

May cause eye ariiation with susceplivle persons.
May cause skin indtation in suscepiible persons,
May ke hasmiul by ivhalation.

May be harmiul if swallowed.

none
nong
none
none

Ho knovn effects under normal use conditions

Revision Date 28-Mov-2811
Prodect code [realirdl o

Pape 4/6
Product name Ctracker® 855 non-fargeted quanhm dots.

worw lifetechinologies com

Page 9 of 11



Qtracker® non-targeted quantum dots

Ecotoxicity effects No nformation available.
Mobility Mo mformation available.
Biodegradation Inherently bipdegradable
Bicaccumulation Boes not bicaccumulate.

Dispose of in accordance with local regulafions.

1ATA
Proper shipping name Not ciassified as dangerous in the meaning of iransport regulations
Hazard class none
Suhszidiary Clasz nong
Packing group none
LH-No None

1.8, Federal Regulations

SARA 313

Thiz product contains the following foxic chemical(s) subject to the notification requirements of section 313 of Tite il of the
Superfund Amendments and Reauthorization Act of 1888, This law requires certain manufacturess to report on annual emissions of
specified chemicals and chemical categories. Please note that if you repackage, or otherwise redistribute, this product to industial
customers, a notica similar 1o this one shoukd be sent to those customers:

Clean Afr Act, Section 112 Harardous Air Poliutants (HAPs) (see 48 CFR 61)
This product does not contains HAPS.

i1.5, State Requdations

California Proposition 65
This product dees not contain chemicals listed under Propasition 65

WHMIS hazard clags:
MNon-controlled

This groduct has been dassified acoonding to e hazand Gitenia of the CPR and the 3505 contains all of the information required by the CFR

Reason for Revision {M)SDS sections updated.

Revision Date 20-Now-2011 Pape 5/8

Product code QI 2IMP Product name (tracker®855 nontameted quantum dats
wawiifetechnologies. com
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Qtracker® non-targeted quantum dots

For research use only. Not infended for human or animatl diagnostic or therapeulic uses.

| References
» National Institute for Occupational Safety and Health (NIOSH), U.5, 2010

hdip:ffwane. cde.govnioshilopicsinanotech/
: * Natfional Institute for Gecupational Safety and Health (NIOSH), U5, 2009:
| hitp-/fwrnw_cde.gov/nioshidoes/ 20891 25/pdf=f2009-125 pdf

The above information was acquired by difigent search andfor investigation and the recommendations are based on
prudent appiication of professional judgment. The information shall nol be taken as being sk inclusive and is fo be
used only as a guide. Al materials and mixhures may present unkown hazards and should be used with caution.
Since the Company cannot controd the actual methods, volumes, or condiions of use, the Company shall not be held
iiable for any damages or loszes resulling Fom the handfing or from contact with the product as deseribed herem.
THE INFORMATION IN THIS MSBS5 DOES ROT CONSTITUTE A WARRENTY, EXPRESSED OR MPLIED,
INCLUDING ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PUPOSE.

! Emd of Safely Data Sheoet

RevisionDate  28-Hov-2011 Page 818
Product eode QHO2IMP Product name Otracker® 855 non-targeted quantum dots.

wrw lifetechnoiogies com
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Qdot® dipeptide quantum dots (custom synthesis)

STATE OF CALIFORNIA
Department of Toxic Substances Control

Health and Safety Code Section 57019 Chemical Information Call-in Information
For Nanometals, Nanometal Oxides, and Quantum Dots
December 2010

This enclosure is provided for your convenience. You may provide the requested information in writing, and attaching
any supplementary materials or explanatory information, in letter or report form.

- SECTIONA: CHEMICAL(S) (Check each one which applies fot your company
1 Nano Silver 00 Nano Titanium Dioxide {1 Nano Cerium Oxide
(0 Nano Zere Valent Iron 1 Nano Zinc Oxide X Quantum Dof(s)

- SECTION B: BUSINESSIDENTIFICATION INFORMATION (chieck one and complete )

00 Sole Owner X Corporation O Limited Liability | O Limited Liability | ] Unincorporated
. Company (LLC) Parinership (LLP) Business Trust

[1 Spouses’ [J Registered 0 General 0 Limited {1 Other: (describe)

Co-ownership Domestic Partnership | Parnership Partnership

1. Name of Sole Owner, Corporation, Partnership, Institute, Other.
Life Technologies Corporation

2. Business Trade Name (“Doing Business As,” if any)
None

3. Business Address (physical location of your business: street munber and name, city, state, country, zip or postal
code)
5791 Van Allen Way, Carlsbad, California 92008, USA

4. Mailing Address (street name and number, P.O. box, city, state, country, zip or postal code, if different from 3)
The Same as Above

5. Business Website Address(es):
http/Awww.lifetechnologies.com

6. Name of Owner, Responsible Corporate Officer, Partner, Other.

Sang-Tae Kim
7. Contact Information for Person in 6 above,
Name: Sang-Tae Kim Title: Manager, Design-for-Environment/EHS
Business Telephone: 650-554-2798 Email: sang-tae.kim@lifetech.com
8. Number of Employees (California employees).
2908
9. NAICS Code(s) for this business: Primary: 325413 Other: Other:
10 ]‘Vano Chemical Business Type: (check X Manufacturer X TImporter X Researcher
applicable)
- SECTION C: CERTIFICAFION (FOR THIS COMPLETE SUBMITTAL)

T'am fully authorized to prepare and submit this information, as a formal respotise to the request pursuant to Health and
Safety Code section 57019(d}(1), and certify the information and statements made herein, and in the attachments, are
correct to the best of my knowledge and belief.

Name: (type or print) Signature: Date:

Sang-Tae Kim é’ ’L/f— K December 15, 2011
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Qdol® dipeptide quantum dots (custom synthesis)

“SECTION D: NANOMATERIAL CHEMICAL AND PHYSICAL PROPERTIES {Attach additional pages a
PRODUCT / PRODUCTION INFORMATION

NANO CHEMICAL NAME: Qdot® dipeptide quantum dots (custom synthesis)

COMMERCIAL NAME(S): Qdot® 655 dipeptide quantum dots (custom synthesis)

ANNUAL PRODUCTION VOLUME: Total annual production is 0.039 grams. Quantity shipped to California is 0
gram.

PRODUCTION METHOD(S): Core and core-shell nanoparticles are produced using commen colloidal synthesis
techniques. Some examples may be found in the following patents: 6,322,901; 6,815,064; 7,147,712; 7,695,642, Some
examples of methods for applying the amphiphilic coating to these particles to render them water soluble may be found
in the following patent 6,649,138.

IDENTIFICAITON OF THE SUPPLIER(S): Life T_e_ch

logies is the producer and supplier of these products.

PHYSICAL PROPERTIES

SHAPE (MORPHOLOGY) The morphology of a nanoparticle is most commonly
measured by transmition electron microscopy (TEM) since
it is the only analytical technique with resolution sufficient
to tesolve the fine features of a nanoparticle. This
technique is limited, however, since it is most sensitive to
electron dense elements of the nanoparticle like cadmium,
zinc and selenium and virtually insensitive to lighter
elements like carbon, hydrogen, oxygen and nitrogen. This
means that shape and morphology information is not
available for nanoparticles that comprise organic coatings.
In other words, TEM can only give you information about
the nanccrystal within a nanoparticle. TEM is further
limited by the fact that the data acquired is only a two
dimensional projection of the three dimensional shape.
Therefore to calculate the volume or surface area, a three
dimensional shape must be assumed. The size of the
nanoparticle (nanocrystal and organic ligands) can be
measured by size exclusion chromatography (SEC) but this
technique does not have the resolution to provide
morphology information.

DENSITY The density of these materials has not been measured

SURFACE AREA Since we cannot measure the morphology of Qdot®
dipeptide quantum dot (custom systhesis) nanoparticles,
we cannot calculate the surface arca. If we approximate
the morphology as a sphere and use the SEC sizing data,
we can calculate a spherical surface area.

Air To the best of our knowledge, no technique is currently
available

Liquid Dynamic light scattering can give particle size distribution
data, however, several complications exist in interpreting
the data. Some of those caveats include, (1) since quantum
dots have broad absorbance, any color that emits at longer
wavelengths than the laser will absorb some of the laser
light and make interpretation of the data nearly impossible,
{2) targe particles scatter much more efficiently than
smaller particles making detection of small particle
populations difficult.

PARTICLE SIZE
DISTRIBUTION

Solid/ To the best of our knowledge, no technique is currently
Powder available

OTHER (SPECIFY?}

CHEMICAL PROPERTIES

CHEMICAL COMPOSITION The inorganic portion of the nanoparticles (nanocrystal) is | The chernical
composed of cadmium, selenium, zinc and sulfur, The composition of this
exact composition of the ligand shell is unknown but NMR | dipeptide coating is
has revealed that it is mostly composed of best described in
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tefradecylphophonic acid (TDPA) and/or other
phosphorus-containing species. The hydrophilic coating is
composed of two dipeptides (his-leu and gly-his),
polyethylene glycol molecules,

Tris(hydrox ymethyl)phosphine (THP) and 2-
aminobenzophenone. Both THP and 2-
aminobenzophenone are used as crosslinkers.

Patent Number
7,368,086

SURFACE MODIFICATION
(COATING,
FUNCTIONALIZATION)

The outer surface contains dipeptides, and polyethylene
glyeol

The process of
applying this
polymer to the
nanoparticles is best
described in patent
number 7,368,086.

PURITY

Purity is essential for our products. We have most
routinely use SEC to detect and measure impurities. Some
of those impurities include aggregated nanoparticles, free
(unbound} amphiphilic polymer, and other nanoparticle
impurities.

SURFACE CHARGE

We routinely perform gel electrophoresis to confirm the
charge of a particle but we do not quantitate it in terms of
charge density.

Air

We do not handle air dispersions in our operations or R&D

Liquid

DISPERSION

Presence of aggregated particles is routinely measured by
SEC chromatography. In fact, afl of our products and
water soluble intermediates have specifications around the
percentage of these soluble aggregates present in the
solution.

Solid

‘We do not handle the materials in the solid form, butas a
liquid dispersion.

IDENTIFYING AND
DETERMINING
CONCENTRATION OF NANO
CHEMCIAL, ITS
METABOLITES, AND
DEGRADATION PRODUCTS
IN SPECIFIED MATRICS

Determining the exact concentration of nanoparticles in
any matrix is difficult because routine nanoparticle
counting techniques do not currently exist. The most
commeon method for determining the concentration of
quantum dots is to measure the optical absorbance in
solution at a concentration where Beer's law is operative
and calculate the concentration using an estimated

A example of a
common technique
for estimating the
extinction
cocfficient for
quantum dot can be
found in this

(Water, Air, Soil, Sediment, extinction coefficient for the material. reference (Chem.
Sludge, Chemical Waste, Fish, Mater, 2003, 15,
Blood, Adipose Tissue, Urine, 2854.2860)
Other)
SOLUBILITY | Water Soluble/miscible in water. These products are sold at a

Solubility concentration of 4 micromolar which is in the range of

0.25 mg/mL to 4 mpg/mL depending on the color.

Solubility in | Not solyble/miscible in organic solvent

Organic

Solvent
N-OCTANOL-WATER We have not measured this parameter.
PARTITION COEFFICIENT

STABILITY Flammability
AND
REACTIVITY

These nanepatticle products are sold as dilute (4 uM or
approximately 0.25 mg to 4 mg/mL) aqueous solutions and
are therefore classified with a HMIS flammability rating of
0 (same as water).

Explosiveness

These products do not pose an explosion hazard. This
conclusion is partially based on thermogravimetric analysis
(TGA) of our ITK organic quantum dots. TGA shows that
no weight loss occurs until about 300 °C. At around 300
°C the particles lose about 10 - 20 % of their mass. This
temperature coincides with the boiling point of the organic
ligands used in the synthesis of quantum dots. No other
weight loss is observed up to a temperature of 650 °C.

Oxidizing

These products are not strong oxidizing agents,
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Properties

Oxidation
Reduction
Potential

These preducts are not strong reducing agents.

Storage
Stability and
Reactivity
(Container
Material)

These products are stable in a variety of container
materials including, glass and plastic. The product is
packaged and shipped in polypropylene vials.

Stability to
Thermal,
Sunlight, and
Metal(s)

These products are stable, meaning that they will work for
their intended purpose, to multiple rounds of freezing and

thawing and moderately high temperatures (0 °C to 37 °C).

These products are stable and will work for their intended
purpose with moderate sunlight exposure. Some metals
will quench the florescence from these particles.
Particularly copper (IT) and iron (111).

Reference -
Cytometry Part A,
T9A: 84 89, 2011

Life Technologies’ Medical Surveillance and Monitoring Plan requires a bi-anfiual moniforing of blood and urine
samples as well as an annual physical examination of employees who are involved in manufacturing of quantum dots.
No cadmium was detectable from either blood or urine samples, when analyzed with the use of Inductively Coupled
Plasma/Mass Spectrometry (ICP-MS) (see hitp://www.aruplab.com/guides/ug/tests/0025040.jsp for detailed .
information on sampling and analysis methodology).

We have not determined the identity and concentration of Qdot® dipeptide quantum dot {(custom synthesis)
nanoparticles in environmental matrix including air, soil, sediment, sfudge, chemical waste, fish, and adipose tissue.
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ATTACHMENT 1

MATERIAL SAFETY DATA SHEET
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Lif SAFETY DATA SHEET

dentification of the substancefpreparation

Product code C47013
Product name CUSTOM SYNTHESIS Qdot® §55 dipeptide quantumn dois *commertial use®

Company/Undertaking kientification

Life Technologies INVITROGEN CORPORATION
5781 VAN ALLEN WAY 5250 MAINWAY DRIVE

PO BOX 6482 BURLINGTON, ONT
CARLSBAD, CA %2008 CANADA LTL 6A4

+1 760 603 7200 6800/263-6236

24 hour Emergency Response {Transport): B86-536-0631

301-431-8585
Outside of the 1.5 +1-301-431-B585
For research use only. Not intended for human of anima) diagnostic or therapeutic uses.

Revision Date 0Z-bhar-26§1 Page 1/6
Product code C4T013 Product name CUSTOM SYNTHES!S Qdot® 655 dipeptide quantm
dots “vommencisl use®

www lifetechnolagies com
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GHS - Classification

Signal Word
not hazardous

‘ Health Hazard
*} not hazardots

Physical Hazards
not hazardous

Principle Routes of Exposure!
Potential Heatth effects

Eyes May cause eye irritation with susceptible persons.
Skin May cause skin imitation in suscapfible persons.
Inhalation May be hamful by irchalation.
Ingestion May be harmiul if swallowed.
Specific efiacls
Carcinogenic effects none,
Mutagenic effects none.
Reproductive toxicity none.
Sensitization none
Target Organ Effects Ne known effects under normal use conditions
HMIS
Health 1]
Flammability 1]
Reactivily o

The praduct contains no substanices which at their given concentration, are cansidered to be hazardaous to health. We
recommend hardling all chemicals with caution.

Revision Date B2-Mar-2611 Page 218
Product code 4T3 Froduet name CUSTOM SYNTHESIS Qdol® 655 dipeplide quanhem
dots *commercial uss®

www.lifelechnolegies com
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Qdot® dipeptide quantum dois (custom synthesis)

Skin contact Rinse with plenty of waler_ If symptoms arise, call a physicizn.

Eye contact Rinse immediately with plenty of water, also under the eyelids, for st least 15
minutes. If symptoms persist, calf a physician.

Ingestion Never give anything by mouth fo an unconscious person. If sympfoms persist, call
a physician. Do not induce vomiBing without medical advice.

Inhalation Move to fresh air. if symptoma persist, call a physician. f not breathing, give
artificial respiration.

Rotes to physician Treat aymptomaticaily.

Suitable extinguishing media Water spray. Carbon dioxide (CQ2). Foam, Dry chemical.
Special proteclive equipment for firefighters Wear seif-contained bresthing apparatus and protective

suit.

Personal precautions Use personsi protective equipment.
Methocds for cleaning up Boak up with inert absorbent material.

Environmental precautions

Prevent further leakage or spillage if safe to do so.

See Section 12 for additionat information.

Handling Always wear reccommended Persenal Pretective Equipment. Mo special handling
advice required.
Storage Keep W a dry, cool and wellventilated place.

Exposure fimits

Al this time, the limited evidence available sugoesis caution when potentizl expoaures to nanoparticles may oocur.
DCue to the limited information about health risks from nanomaterials, it is prudent to iske steps for minimizing
worker expesures. Research is siil needed fo undereiand the impact of nanotechnology on health, andto
determing appropriate exposure monitoring and contro! atrategies.

Engineering measures Ensure adequate ventilation, especially in confined areas.

Personal protective equipment

Respiratory protection in case of inaufficient ventilation wear suiteble respiratory equipment.

Hand protection Impervioua gloves.

Eye protection Safety glasses with side-shields.

Skin and body protection.  Lightweight protective clothing.

Hygiene measures Handle in accordance with good indusirial hygiene and safety practice.
Revision Date 02-Mar- 2011 Page 2/6
Product code CA7013 Product name CUSTOM SYNTHESIS Qdot® 656 dipeptide quantem

dots 'cmma(cal use’

www lifetechnolopies com
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Qdot® dipeptide quantum dots (custom synthesis)

Environmental exposure Prevent product from entering drains.
controls

General Information

Form: SUspension

Appearance Tiquid

Odor Ne information available

Bailing Point/Range *C no data available °F no data available
Melling pointirange *C 10 data available °F no data available
Flash point *(. no data available °F no data available
Aatoignition temperature *C no data available °F no dsata availabls
Oxidizing properties Mo information sveilable.

Water solubility solubie

pH VALUE 83

Stability Stabie under normal conditions.

Materials to avoid No dangercus reaction known under conditions of nomat use.
Hazardous tecomposition None undear normal use

products

polymerization Hazardous polymerisation does not oceur.

Acute toxicity

At this time, the limited evidence available suggests caution when potential exposures o nanopariicies may octur.
Dure to the limited information about health risks from nanomaterials, it is prudent {o take sieps for minimizing
worker exposures. Qeeupational health risks associated with manufaciuring and using nanomaterialz are not yet
clearly understood. Studies have indicated that low solubility naroparticles are more toxic than larger particles on
amass for mass basia. There are strong indications that particle surface area and surface chemistry are
respansible for observed responses in cell cultures and animals, There are indications that nanopariicles can
penetrate through the skin or move from the respiratory system o other organs.

Principle Routes of Exposure/
Potential Health effecis

Eyes May cauze eye iritation with susceptible persons.

Skin May cause skin imitalion in susceptible persons.

Inhatation May be hammiul by inhalafion.

ngestion May be hammful if swallowed.

Carcinogenic effecls none

Mutagenic effects none

Reproductive toxicity ncne

Sensitization none
Revision Date 02-5ar-2011 Page 478
Product code C47013 Product name CUSTOM SYNTHESIS Qdot® 455 dipeptide quantum

dots *eommercis) use*

veww lifetechnologies com
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Qdot® dipeptide quantum dots (custom synthesis)

Target Organ Effects Mo known effects under normal use conditions

Ecotoxicity effects No information available.
Mobitity Mo information avallable.
Biodegradation inhererdly bicdegradable
Bioaccumulation Does not bioaccumulate.

Dispose of in accordance with local requiations.

IATA
Proper shipping name Not ciassified as dangerous in the meaning of transport regulations
Hazard class nong
Subsidfary Class none
Packing group none
UN-No None

U.S. Federal Regulations

SARA 313

This product contains the following foxic chemical{s} subject to the notification requirements of section 313 of Title Hl of the
Buperfund Amendments and Reauthorization Act of 1086, This law reqguires certain manufacturers to repbrt or snnual emissions of
specified chemicais and chemical categores. Flease note thatif you repackage, or otherwise redistribute, this product 1o industrial
customers, & notice similar to this one shoukl e sent to those customers:

Clean Air Act, Section 112 Hazardous Air Poliutants (HAPs} {see 40 CFR 61)
This product does not contains HAFS.

U.5. State Regulations

Cafifornia Proposition 656
This product doee not coniain chemicals listed under Proposition €5

WHMIS hazard clags:
Mon-controlled

“This product has been dassified according o the hazard oriteria of the GPR and the MSDS conlains all of the information requined by the CPR

Revisien Diate B2-War-20¢1 Page &6/6
Product code CATOS Produst name CUSTOM SYNTHERIS Sdotl 856 dipeptide quantum
@

ois “commercis) use”

wwwlifetechnolepies com
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Reason for Revision (M}SDS sections updated,
For research use only. Not intended for human or animal diagnosfic or therapeutic uses.

References

* Nationa! institute for Occupational Safety and Heglh (NIOSH), U.S., 20H):
hitp:/twrww cdc.govinioshflopicsinanotechf

* National Institute for Occupational Safety and Health (NIOSH), U5, 2009;
hitp:ffwww ede goviniosh/docs/2008-125/pdfs/2009-125 pdf

The above information was acquired by diligent search andfor investigalion and the recommendations are based on
prudent application of professional ndgment. The informatlion shall not be taken as being all inclusive and is to be
used only as & guide. All materials and mixtures may present unkown hazards and should be used with caution.
Since the Company cannat control the actual methods, volumes, of conditions of use, the Company shall not be held
Tiable for any damages or losses resuling from the handling or from contact with the product as described herein.
THE INFORMATION IN THIS MSDS DOES NOT CONSTITUTE A WARRENTY, EXPRESSED OR MPLED, -
INCLUDING ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURDSE.

End of Safety Data Shest

Revigioti Date 02-Muar2011 Page &76
Product code C4F013 Preduct name CUSTOM SYNTHESIS Qdotd ¢hb dipeptide quantum
dobs *commercial use®

www.lifetechnolegies com

Page 11 of 11



	Life Technologies Part 1 of 2 (QDots 12-17-2011).pdf
	Life Technologies Part 2 of 2 (QDots 12-17-2011)

