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Synthesis of 14C-labeled cyclic and linear siloxanes
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Abstract

Simple procedures to synthesize a variety of 14C-labeled monomeric and polymeric siloxanes are described. Specifically, the
synthesis of the following siloxanes, some of which are of significant commercial importance are provided: 14C-
octamethylcyclotetrasiloxane(D4), 14C-decamethylcyclopentasiloxane (D5), 14C-hexamethyldisiloxane (MM), 14C-
dimethyldimethoxysilane and 14C-dimethylsilanediol (DMSD) are examples of discrete monomeric species. 14C-350 and 1000 cSt
polydimethylsiloxanes (PDMS) are examples of polymeric species. Synthesis of the monomeric species with the exception of
dimethylsilanediol involve reactions of Grignard reagents with the appropriate chlorosilanes, while the polymeric materials were
synthesized via acid catalyzed equilibration reaction of 14C-D4 with dodecamethylpentasiloxane (MD3M). The compound
14C-DMSD was obtained by the hydrolysis of 14C-dimethyldimethoxysilane. The labeled materials listed here were synthesized for
their utility as tracers in several of the ongoing environmental fate and effects studies as well as toxicological investigations.
© 1999 Elsevier Science S.A. All rights reserved.
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1. Introduction

Silicones are endowed with outstanding properties
such as high thermal stability, weather resistance, hy-
drophobicity, resistance to heat and cold, dielectric
properties, film forming abilities, surface activity, re-
lease and lubrication properties, etc. rendering them
invaluable in a wide variety of industrial and consumer
product applications. There are literally thousands of
polydimethylsiloxane based products that find applica-
tions in electrical, construction, rubber, plastic, glass,
textile, leather, pharmaceutical, cosmetic, etc. industries
[1]. Certain cyclic siloxanes such as octamethylcyclote-
trasiloxane (D4

1) and decamethylcyclopentasiloxane
(D5) are also of significant commercial importance. D4

and D5, for example, which are produced in hundreds

of millions of pounds a year globally, are key ingredi-
ents in a variety of personal care product formulations
that include antiperspirants, colognes hair sprays, etc.
D4 in particular is also a critical intermediate in the
production of silicone polymers which in turn find use
in numerous applications such as building sealants,
rubber products, fabric coatings, etc.

During its widespread application in consumer appli-
cations, siloxane monomers such as D4, D5 and certain
polymers of specific viscosities (350 and 1000 cSt) are
being subjected to a number of environmental fate and
effects studies, as well as toxicological testing [2–6].
Aquatic and environmental fate testing on D4 for exam-
ple has been the focus of a TSCA Section 4 Consent
Order in 1988 [7]. These studies often require the use of
radiolabeled materials in order that their distribution
either as the parent or degradation products in biologi-
cal or environmental systems be conveniently
monitored.

This paper describes procedures to synthesize a few
of these important siloxane monomers that are 14C-la-
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1 General electric siloxane notation is as follows: M=Me3SiO–;
D= –OMe2SiO–; T=MeSiO3/2; Q=SiO4/2.
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Fig. 1. GC–MS of 14C-octamethylcyclotetresiloxane (D4).

beled, and the utility of the latter in synthesizing
polymers of various molecular sizes.

2. Results and discussion

2.1. Synthesis of 14C-D4

Among the cyclic siloxanes, D4 ranks high in con-
sumer product applications. It is the also the pre-
ferred monomeric species for industrial production of
siloxane polymers. These usage prompted the environ-
mental, and toxicological studies and thus the need
for 14C-D4 arose. The momomeric 14C-D4 also served
as an excellent intermediate for synthesizing a variety
of linear polymeric siloxanes. An added feature of

14C-D4 is that the polymerization can be conduced
using solid support acidic catalyst such that the poly-
mers will have none of or very minimal silanol con-
taminant. Absence of silanols is in essence a
pre-requisite for labeled polymers, since the very
silanols are the end products often sought in environ-
mental degradation [8–12] and metabolism [13] stud-
ies. This requirement thus excluded the utility of
precursors such as 14C-labeled Me2SiX2, (where X=
halides or alkoxy functions) for polymer synthesis
since formation of the silanol terminated polymers
cannot be avoided.

The selected synthetic sequence for the 14C-D4 is
shown in Eq. (1) which involves halogenation of
1,3,5,7-tetramethylcyclotetrasiloxane followed by a
Grignard reaction.
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Scheme 1. Synthetic sequence for 14C-D5.

(MeHSiO)4 �
Halogenation

(MeClSiO)4 �
�MeMgl

(Me�MeSiO)4

*Me=14C�CH3 (1)

Several reagents were evaluated for halogenation of
(MeHSiO)4: CCl4 and benzoyl peroxide (BPO) [14];
CCl4 and 10% Pd/C [15]; N-chlorosuccinimide (NCS) in
chloroform and direct chlorination [16]. Use of CCl4/
BPO or CCl4/Pd/C as reagents resulted in low conver-
sion. With NCS, (MeHSiO)4 was found to be
completely consumed with the formation of the chlori-
nated product. It was interesting to observe that NCS
reaction failed when dry chloroform (distilled over
P2O5) was used. However, with the addition of a trace
amount of ethanol, a very exothermic reaction ensued
forming the product. It is speculated that a trace
amount of chlorinated product formed initially may
have reacted with ethanol to generate HCl which then
catalyzed the reaction. From a comparative evaluation
based on yield and ease of purification and nature of
by-products, it was determined that direct chlorination
is the preferred method. It was found to be advanta-
geous to conduct the reaction at lower temperatures
(B5°C) as opposed to 20°C [16] to prevent side chain
halogenation. Also, to control the highly exothermic
reaction, the chlorine gas was diluted with dry N2 or Ar
gas. It was also critical to monitor the reaction for
completion by GC–MS. Substitution of the first three
hydrogen atoms was quite rapid. However, the substi-
tution of the last hydrogen atom was much slower.
Hence, the common assumption that the persistence of
yellowish–green coloration of the reaction medium
from excess chlorine as an indication of the completion
of the reaction was found to be misleading. Presence of
the mass m/z 361 (M-15) expected of the completely
substituted product, and the absence of masses corre-
sponding to partially chlorinated product in GC–MS
assured the completeness of the reaction.

The subsequent step which is the conversion of
(MeClSiO)4 to the methylated product was first at-
tempted using unlabeled reagents in order that a suit-

able experimental condition is established prior to 14C
labeling. Two organometallic reagents, MeLi and
MeMgI were considered. Of these, MeLi in ether was
found to be unsuitable. At −78°C, the reaction gener-
ated no D4. Although D4 was formed on warming to
0°C and continuing the reaction overnight, other equili-
bration products D5 and D6 were also being formed.
Even with the mildly nucleophilic Grignard reagent, the
alternative to MeLi, there was still the potential for ring
opening polymerization of D4. Therefore it was first
established that D4 was stable to MeMgI in diethyl
ether (a solvent of choice) at reflux temperature at least
over a period of 4 days. Following this, the reaction of
(MeClSiO)4 with an excess of MeMgI was conducted in
diethylether at room temperature (r.t.) over a 20 h
period. GC–MS analysis indicated a complete conver-
sion of (MeClSiO)4 to the desired D4. The experimental
procedure was then applied for the synthesis of 14C-D4

allowing 14C-MeMgI to react with (MeClSiO)4 (1.1:1
stoichiometry). The isolated yield of 14C-D4 by prepara-
tive GC, was 70%. The yield was based on the limiting
reagent 14C-MeI. GC–MS analysis (Fig. 1) confirmed
the product.

2.2. Synthesis of 14C-D5

Unlike D4, the utility of D5 for making polymers is
limited, but it finds numerous applications in personal
care industries. Again, a labeled material was needed
for the same reasons cited for D4. The synthetic scheme
for 14C-D5 is quite similar to that of 14C-D4. Staring
from 1,3,5,7,9-pentamethylcyclopentasiloxane [(MeH-
SiO)5], the corresponding chloro-derivative was ob-
tained in respectable yield. But in contrast to the clean
conversion of (MeClSiO)4 to D4, (MeClSiO)5 yielded in
addition to the expected D5, a rearrangement product
(Scheme 1) in a 5–10% yield (Fig. 2).

This isomeric ring-contracted product identified by
GC–MS analysis has an identical fragmentation pat-
tern to D5 with some variation only in the relative
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Fig. 2. GC–MS total ion chromatogram of 14C-decamethylcyclopentasiloxane (D5) showing the isomeric impurity of heptamethyltrimethylsilyoxy-
cyclo-tetrasiloxane.

intensities of major fragments (Fig. 3). The identity was
confirmed by comparison to an authentic material syn-
thesized by an unambiguous route involving formation
of heptamethylcyclotetrasiloxanol [17] and silylating the
latter with bis(trimethylsilyl)trifluoroacetamide. The
mechanistic path for the formation of this isomer was
not clearly established. One of the possibilities is shown
in Eq. (2).

alternative route (Eq. (3)), was developed for such
special applications.
14C D4 ��������


Amberlyst−15

Hexane

14C D4
50−60%

+ D5
30−35%

+ D6
9−10%

(3)

Accordingly, 14C-D4 obtained from the cyclic chlorosi-
lane precursor (Eq. (1)) was subjected to equilibration for
4 h at reflux temperature in hexane in presence of the acid
catalyst Amberlyst-15® (an ion-exchange resin). No trace
of the isomeric impurity was seen by GC–MS. Only the
expected 14C-D5 and the equilibration products, 14C-D4

(2)

and 14C-D6 were formed (Fig. 4). 14C-D5 was readily
isolated from the mixture by preparative GC. The by
products 14C-D4 and 14C-D6 were re-equilibrated to
obtain more of the desired material.

2.3. Synthesis of 14C-hexamethyldisiloxane (MM)

Hexamethyldisiloxane, a siloxane that is manufactured
in commercial quantities is often used as a silylating agent
in organic synthesis and also as an end capping unit
polymerization reactions. The 14C-labeled moiety was
synthesized from the readily available 1,3-dichlorote-
tramethyldisiloxane by reacting the latter with 14C-la-
beled methyl magnesium iodide in diethyl ether. Again,
no siloxane bond cleavage was observed. The product
(Fig. 5) was obtained pure by preparative GC following
sample work up.

The undesired isomer is not being formed from possi-
ble impurities in the starting (MeHSiO)5, since the
latter, fractionated by spinning band distillation, is of
extremely high purity (99.9%). A variety of experimen-
tal conditions that included changes in reaction
medium, temperature, and the organometallic reagents
were attempted, but the formation of the isomeric
impurity could not be avoided. It was of interest to
note that with MeLi as the organometallic reagent, the
relative ratios actually reversed, the isomeric impurity
now being formed in higher percentage.

Since the protocols of certain toxicological investiga-
tions mandated that this impurity be totally absent,
attempts were made to isolate the impurity by HPLC
and preparative GC (using a packed column). The
method was found to be impractical and therefore an
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Fig. 3. GC–MS fragmentation pattern showing the similarity of 14C-decamethylcyclopentasiloxane and heptamethyltrimethylsilyoxycyclote-
trasiloxane.

2.4. Synthesis of 14C-dimethylsilanediol (DMSD)

Dimethylsilanediol Me2Si(OH)2 is a key environmen-
tal as well as a bio degradation product of linear and
cyclic dimethylsiloxanes. In the environmental arena,
PDMS entering into waste water treatment plants from
consumer application gets adsorbed onto sludges [18,19].
When the latter is applied as fertilizers, PDMS comes
into contact with soil. There it degrades primarily to
DMSD [8–11]. Degradation of (cyclic) PDMS to DMSD
is also known in animal metabolism [13]. Availability of
14C-labeled DMSD can make it convenient to monitor
its formation and subsequent degradation to CO2 using
HPLC equipped with a radioisotope detector.

The synthetic route for 14C-dimethylsilanediol via the
intermediate 14C-dimethyldimethoxysilane is shown in
Eq. (4).

MeSi(OMe)3+
14C-MeMgI�14C-Me2Si(OMe)2

�14C-Me2Si(OH)2 (4)

Reaction of methyltrimethoxysilane with an equivalent
of 14C-labeled Grignard reagent yielded 14C-
dimethyldimethoxysilane. The latter was isolated pure by
preparative GLC.

Being unstable in pure isolated form [20], it is prefer-
able to prepare 14C-Me2Si(OH)2 as an aqueous solution
of desired concentration. This was done by simply
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Fig. 4. GC–MStotal ion chromatogram showing the products from the acid catalyzed the equilibration D4.

adding known amounts, of 14C-Me2Si(OMe)2 (amount
determined based on specific activity and the concentra-
tion needed) to pure water (milli-Q™ water) taken in
teflon bottles. The 14C-Me2Si(OMe)2 compound readily
hydrolyzes to the desired 14C-Me2Si(OH)2 within min-
utes at r.t. The structure was confirmed by GC–MS
(Fig. 6) analysis.

The method described for DMSD here is complimen-
tary to the procedure reported [21] in the literature,
where 14C-labeled diphenyldimethylsilane was first con-
verted to dimethyldichlorosilane and the latter then
hydrolyzed in presence of an acid scavenger. The cur-
rent method, however, is valuable in situations requir-
ing strictly neutral conditions for its preparation.

2.5. Synthesis of polydimethylsiloxane polymers

To synthesize polydimethylsiloxane polymers, the ap-
proach was to subject 14C-labeled D4 to acid catalyzed
ring opening polymerization in presence of end-capping
siloxane—the latter providing the trimethylsilyl groups
at the end of the polymer chain. Dodecamethylpen-
tasiloxane (MD3M) was chosen for end capping, since
it was available in extremely high purity. For the
catalyst, solid-supported strongly acidic Amberlyst-15®

was chosen since it was easier to remove it at the end of
the reaction simply by filtration and neutralization can
be avoided.

In order that certain viscosities are attained for the
polymers, the relative ratios of the D4 and the end
capping siloxane moities must be adjusted precisely.
The equation relating viscosity and the number of ‘D’
units (Eq. (5)) provided a rough estimate of the ratio as
a starting point.

Log h=0.1 
n+1.1 (5)

where h is the viscosity at 25°C, and n is the number of
Me2SiO units. For synthesizing a 1000 cSt viscosity
PDMS fluid for example, n was calculated to be 361.
Taking into account the 3 ‘D’ units to be provided by
MD3M, the stoichiometry on the molar basis is then
given as follows (Eq. (6)):

MD3M+358 D4�Me3SiO–(SiMe2O)361–SiMe3 (6)

Several equilibrium reactions with formulations cen-
tered around the stoichiometry shown in the above
equation was set up using unlabeled materials. The
formulation that consistently gave polymers of the
targeted viscosity and Mn (number average molecular
weight as determined by size exclusion chromatogra-
phy) was then selected and applied to prepare the
14C-labeled polymer (see experimental for the stoi-
chiometry). 14C-D4 (in amounts determined based on
the specific activity requirement for the polymer) was
mixed with sufficient quantities of unlabeled D4 as
required per Eq. (6). Low molecular weight species
generated at equilibrium in this acid catalyzed polymer-
ization were removed at low pressure by stripping at
150°C over ca. 16 h. With this procedure the labeled
polymers of 350 and 1000 cSt viscosities were prepared
in yields of 87 and 85%, respectively.

The average viscosities for the synthetic 350 and 1000
cSt PDMS fluids were 362 and 978, respectively. The
corresponding viscosities for reference materials were
360 and 1054. The synthetic polymers were also charac-
terized by size exclusion chromatography. The GPC
profiles obtained for the synthetic materials were in
good agreement with authentic commercial products
(Figs. 7 and 8).
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Fig. 5. GC–MS of 14C-hexamethyldisiloxane.

In principle, with this route polymers of any de-
sired viscosity (molecular weight) can be synthesized.
But, as the molecular weight of the polymers increase,
the amount of the end capping moiety MD3M needed
relative to D4 will be considerably less. Precision in
weighing it (MD3M) can become a limiting factor.
However, in these instances siloxanes of molecular
weight much higher than MD3M must be used.

One of the 14C-labeled polymer (350 cSt PDMS)
synthesized by the current procedure was tested for
its stability over a 2 year period. It is well known
that presence of acids or bases can affect depolymer-
ization of siloxane polymers [2–4]. Since during the
synthesis, the 14C-labeled PDMS was thoroughly

devolatilized by heating the material under reduced
pressure (150°C, 0.1 mmHg), low molecular weight
PDMS oligomers having boiling points lower than
400°C at atmospheric pressure (760 mmHg) were ab-
sent. If, however, they are being formed due to de-
polymerization, their presence would be noticeable in
HPLC analysis. A total of 2 years following the syn-
thesis of the 14C-labeled 350 cSt PDMS, the same
batch was dissolved in THF as before and analyzed
by HPLC under the same conditions. The molecular
weight distribution was identical to that of 2 years
previously, showing that the PDMS synthesized by
the current method had been stable during that 2
year period.



S. Varaprath / Journal of Organometallic Chemistry 572 (1999) 37–4744

Fig. 6. GC–MS (SIM) spectra of 14C-dimethylsiloxanediol (DMSD).

3. Experimental

3.1. Materials

Dodecamethylpentasiloxane (i.e MD3M, a Dow
Corning® 2 cs 200 fluid) was of purity greater than
99.5%. Octamethylcyclotetrasiloxane of 99.5% initial
purity obtained from General Electric (SF1173 fluid)
was further distilled to obtain essentially an 100% pure
material. Amberlyst-15 acidic ion exchange resin,
methylithium (3 M solution in diethyl ether), methyl-
magnesium iodide (3 M solution in diethyl ether), car-
bon tetrachloride and hexane were purchased from
Aldrich Chemical Co. Carbon tetrachloride was dis-
tilled over phosphorus pentoxide before use. 1,3,5,7-Te-
tramethylcyclotetrasiloxane [(MeHSiO)4] and penta-
methylcyclopentasiloxane [(MeHSiO)5] were purchased
from Gelest, Inc. The compound (MeHSiO)4 was used
as such without further purification, (MeHSiO)5 was
purified by spinning band distillation prior to use.
Chlorine gas (1 lb. lecture bottle) was purchased from

Michigan Air gas. For reference 350 and 1000 cSt
PDMS fluids, commercial Dow Corning® fluids were
used.

3.2. Instrumentation

GC/MS was performed using Hewlett Packard 5890
series II Gas Chromatograph coupled with either HP
5989A Mass Spectrometer or 5970 B MSD, a HP 7673
GC/SFC injector, and an electronic pressure control
system. Data analysis was performed using a Windows®

based Chem Station.
Viscosity measurements were made using Cannon-

Zeit-Fuchs Viscometer (Viscometer cY625). Specific
activities of 14C-labeled materials were determined us-
ing TM Analytic, Model 5303 Mark V, Liquid Scintil-
lation Counting System (Packard), and 2500 TR Liquid
Scintillation Counter (Packard). Gel Permeation Chro-
matography was performed using Waters Pro-
grammable pump (model c590), an autosampler
(Waters 712 WISP), a differential Refractometer (Wa-
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Fig. 7. Overlay of size exclusion chromatograms of synthetic 14C-labeled and commercial 350 cSt polydimethylsiloxane.

ters 410), and Ultrastyragel column (Waters). GPC
column parameters were as follows: Polymer Lab Series
C column of dimension 2×30 cm; Toluene was used as
the mobile phase at a flow rate of 1 ml min−1.

3.3. Synthesis of (MeClSiO)4

Carbon tetrachloride (250 ml; distilled over P2O5 and
dried over anhydrous Na2SO4) and 1,3,5,7-tetramethyl-
cyclotetrasiloxane (50 ml) were placed into a dry 500 ml
three necked flask equipped with gas dispersion tube, a
thermometer and a water condenser. The gas dispersion
tube was connected to a lecture bottle of chlorine gas
via a Teflon lined stainless steel flexible hose fitted with
ultratorr fittings (from Cajon). The top of the con-
denser is connected via a ‘Y’ tube to an Argon gas
cylinder and a bubbler containing 350 cs PDMS.

The solution was degassed and saturated with argon.
While continuing to pass argon gently, the flask was
cooled in acetone bath to about 0°C by the addition of
Dry Ice. Chlorine gas was then passed through the gas
dispersion tube placed well immersed in the reaction
medium. The reaction temperature was maintained at
5–10°C by intermittent addition of Dry Ice to an
acetone bath. In general, keeping the acetone bath at
0°C was found to maintain the reaction temperature at
less than 10°C.

When the greenish yellow color of the chlorine gas
persisted in the solution indicating that the reaction is
nearing completion, monitoring by GC–MS analysis
was started. Chlorination was continued until, in GC–
MS, all the partial chlorination products (i.e. M-15 ions

m/z 259, 293 and 327 of mono, di and tri substituted
products) disappeared and the completely chlorinated
product (ion 361) appeared. The retention time for the
fully chlorinated product was around 7.96 min at the
following GC conditions: oven at 70°C, 3 min hold,
heating rate 20°C min−1, final temperature 210°C, 5
min hold; cross linked 5% PhMe siloxane column (HP-
5 MS) of dimensions: 30×0.25×0.025 mm film
thickness.

At the completion of the reaction, the mixture was
transferred under an argon atmosphere into a dry 500
ml one necked-flask. Most of the solvent was removed
using a rotary evaporator at B40°C (60–80 mmHg
aspirator pressure). A tube containing Drierite was
placed between the water aspirator and the rotary
evaporator to prevent moisture entering the system.
The reaction mixture was then transferred (inside of a
glove bag) into a 250 ml one-necked 14/20 round
bottomed flask and the product distilled under low
pressure (0.01 mmHg, 67–70°C). The yield was 70% (55
g).

3.4. Synthesis of (MeClSiO)5 [17]

Using 50 g of 1,3,5,7,9-pentamethylcyclopentasilox-
ane and following the procedure described for
(MeClSiO)4, the fully chlorinated product (MeClSiO)5

was synthesized. The M-15 ion of m/z 455 was moni-
tored by GC–MS for the product. GC–MS showed the
presence of three isomers at 9.66, 9.82 and 9.92 min
under the same GC conditions of (MeClSiO)4. The
product was obtained in a 78% (58.3 g) yield.
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Fig. 8. Overlay of size exclusion chromatograms of synthetic 14C-labeled and commercial 1000 cSt polydimethylsiloxane.

3.5. Synthesis of 14C-D4

Magnesium powder (4.4 mmol) was placed in a
three-necked flask equipped with a magnetic stir bar, an
addition funnel, and a condenser which in turn was
fitted with a N2 gas inlet tube. Dry diethylether (2 ml)
was added. Under a blanket of N2, 14CH3I (4.4 mmol)
was added drop wise. An exothermic reaction ensued.
Addition of 14CH3I was continued at a rate to maintain
a gentle reflux.

To the freshly prepared Grignard reagent, te-
tra(methylchloro)cyclotetrasiloxane (1 mmol) dissolved
in 2 ml of ether was added. After the addition was over,
the reaction mixture was heated overnight in an oil
bath maintained at 45°C. The flask was cooled to r.t.
and the contents quenched with cold water. The ether
layer was separated, washed with cold water until wash
water is neutral. Pure D4 was collected using prepara-
tive GC. The isolated yield was 60% based on 14CH3I.
The specific activity of the product was determined to
be 47 mCi mmol−1. The radiochemical purity as deter-
mined by gas chromatography was 99.9%.

3.6. Synthesis of 14C-D5

3.6.1. Method A
Using 1 mmol of penta(methylchloro)cyclopenta-

siloxane and 5.5 mmol of freshly prepared 14CH3MgI,
14C-D5 was synthesized following the procedure de-
scribed for 14C-D4. The product purified by preparative
GC was obtained in a 35% yield based on 14CH3I. The
specific activity of the product was determined to be

30.6 mCi mmol−1. The radiochemical purity as deter-
mined by gas chromatography is \99%.

3.6.2. Method B
The 14C-D4 compound purified by preparative GC (1

mmol) and catalytic amount of Amberlyst-15 was
heated at reflux temperature in hexane for 4 h. Pure
14C-D5 was collected by preparative GC method. The
14C-D4, and 14C-D6 that were also collected by prepara-
tive GC were re-equilibrated in hexane to obtain addi-
tional quantities of 14C-D4. Based on 14C-D4 and one
recycling process, the collective yield was 30%. The
specific activity of the product was determined to be 22
mCi mmol−1. The radiochemical purity as determined
by gas chromatography is \99%.

3.7. Synthesis of 14C-MM

Using 1 mmol of 1,3-dichlorotetramethyldisiloxane
and 2.2 mmol of freshly prepared 14C-MeMgI, 14C-MM
was synthesized following the procedure described for
the synthesis of 14C-D4. The product purified by prepar-
ative GC was obtained in a 40% yield based on 14CH3I.
The specific activity of the product was determined to
be 24.4 mCi mmol−1. The radiochemical purity as
determined by gas chromatography was 98.%.

3.8. Synthesis of 14C-Me2Si(OH)2

The 14C-Me2Si(OH)2, being unstable in pure solid
form, was prepared as an aqueous solution of desired
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concentration. For obtaining an 100 ppm aqueous solu-
tion, 15 ul of 14C-Me2Si(OMe)2 was added to 100 ml of
pure water (milli-Q water) taken in a 4 oz teflon bottle.
The contents were stirred for 2 h to complete the
hydrolysis. The specific activity of the product was
determined to be 2.5 mCi ml−1. The radiochemical
purity as determined by HPLC was 95%.

3.9. Synthesis of polydimethylsiloxane polymers

3.9.1. C-14 Labeled PDMS of 350 cSt
14C-D4 (25 mCi, of specific activity 1.48 mCi

mmol−1, purchased from Wizard Laboratories, West
Sacramento, CA) was placed in a 200 ml, one-necked
round-bottom flask. Pure D4 was added to the flask in
an amount to make the total weight of D4 to 50.0 g.
MD3M (1.625 g) and Amberlyst-15 (0.665 g) were then
placed in the flask. The flask was equipped with a water
condenser. The top of the condenser was in turn fitted
with a ‘Drierite’ moisture trap. The contents of the
flask were gently stirred using a magnetic stir bar and
the flask was heated for 24 h in an oil bath kept at
100°C. Heating was stopped at the end of this period
and the flask cooled to ambient temperature.

The viscous fluid in the flask was diluted with 60 ml
of reagent grade dichloromethane. and filtered through
a Whatman c1 filter paper to remove the solid acid
catalyst. The filtrate was collected into a clean 250 ml
flask. The original flask and the filter paper were thor-
oughly rinsed with fresh solvent to insure complete
transfer of the PDMS fluid.

Most of the volatiles were removed using a rotary
evaporator at 90°C under aspirator pressure (60–80
mmHg). Removal of the remaining volatiles was ac-
complished by low pressure distillation at 150°C, 0.01
mmHg for 48 h. At the end of this period, the distilla-
tion was stopped and the flask cooled to r.t. The
product, obtained as a clear fluid, weighed 45 g (87%
yield). The specific activity of the product was deter-
mined to be 0.52 mCi g−1. and the viscosity was
362.490.21 cSt.

3.10. C-14 Labeled PDMS of 1000 cSt

The 14C-labeled 1000 cSt PDMS was prepared fol-
lowing the procedure described for 350 cSt PDMS fluid
with the following exception. At the end of the reac-
tion, pentane rather than dichloromethane was used as
the diluent. The ingredients were as follows: 14C-D4

(1.14 g of specific activity 6.5 mCi mmol−1 from Wiz-
ard Laboratories, West Sacramento, CA) MD3M (1.34
g); unlabeled pure D4 (68.86 g); Amberlyst-15 (0.93 g).
The product was obtained in an 85% yield (60.3 g). The
specific activity was determined to be 0.302 mCi g−1

and the viscosity was 976.7 cSt.
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