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ABSTRACT: Thiol-ene photopolymerizations proceed via a sequential radical propagation/chain transfer
mechanism that leads to polymer and network formation much like a step growth polymerization. Here,
the chain transfer step in this sequential reaction series is shown to be the rate-limiting step. A model
has been developed that accurately predicts the observed polymerization kinetic behavior under a variety
of circumstances. Chain transfer is modeled as a rate-limiting step with the rate parameter (kp) for the
propagation reaction being a factor of 10 greater than that for the chain transfer process (kCT) (kp/kCT )
10). The polymerization rate is first-order overall with first-order dependence on thiol functional group
concentration and independent of the ene functional group concentration; Rp ∝ [SH]1[CdC]0. Polymeri-
zation rate behavior vs functional group concentration change is shown to be only a function of the ratio
of propagation to chain transfer kinetic parameters.

Introduction
Thiol-ene photopolymerizations exhibit many of the

same desirable properties as photopolymerizations of
acrylic monomers. They polymerize rapidly and do not
require solvents for processing, and their products are
optically clear and have good mechanical properties.1-6

In addition, thiol-ene polymers exhibit several unique
aspects associated with their polymerization. They have
the advantage of being relatively uninhibited by oxy-
gen,2,7,8 and they are rapidly polymerized with little or
even no added photoinitiator.8-10

Thiol-ene photopolymerizations are radical reactions
that proceed via a step growth mechanism. The basics
of the step growth mechanism have been outlined and
explored in several previous investigations.1-3,9,11 As
outlined below, the thiol-ene step growth mechanism
involves the addition of a thiyl radical to a vinyl
functional group (step 1), followed by radical transfer
from the ensuing carbon radical to a thiol functional
group (step 2). These successive propagation/chain
transfer events serve as the basis for the thiol-ene
polymerization reaction.

Thiol-ene polymerization reactivity has been well
studied in a variety of systems;1,2,12 however, the kinetic
mechanisms and rate-limiting steps are acknowledged
to be not well understood. Different theories have been
raised about the dark reaction,13-16 termination,1-3,16

and even the overall reaction order.1,3 It has been shown

that the ratio of the propagation to the chain transfer
kinetic parameters (kp/kCT) is the controlling parameter
for conversions of thiol and (meth)acrylate functional
groups in thiol-(meth)acrylate copolymerizations.9,17

In a step growth polymerization the nature of the
product is heavily influenced by monomer functionality.
Monofunctional monomers do not generate a polymer
network, leading only to single adducts. Difunctional
monomers polymerize to form linear polymers, whereas
monomers with an average functionality greater than
two form cross-linked polymer networks. Studying po-
lymerization kinetics, particularly in network-forming
polymer systems, is often complicated by factors such
as diffusion-limited reactions and viscosity changes of
several orders of magnitude as the reaction mixture
changes from a liquid to a cross-linked polymer in a
short time span.18-20 These effects make accurate in situ
determination of kinetic parameters and other system
properties difficult. In cross-linking or linear thiol-ene
systems, complicating kinetic factors from diffusion-
controlled reactions or early gelation are not as signifi-
cant as in typical chain growth systems since thiol-
enes do not exhibit traditional autoacceleration behavior
and do not gel until high conversions are obtained due
to their step growth nature. However, monofunctional
thiol-ene systems are still useful as tools to study the
kinetics of thiol-ene reactions because they exhibit
identical chemistry to thiol-ene polymerizations while
reacting to form a nonpolymeric product. As a result,
the material properties and diffusivities for reactions
of monofunctional thiol-ene reactants do not change
significantly during the reaction. Thus, studies with
monofunctional materials can be used to focus solely on
the radical addition and transfer reactions without the
complexities typically added by polymer formation.

Thiol-ene polymerizations performed in dilute solu-
tions have the additional advantage that the reactions
can be studied while independently controlling the
concentrations and stoichiometry of thiol and ene func-
tional groups. Thus, studying thiol-ene systems in
solution offers a unique method to study their reaction
chemistry and kinetics. Note that although changes in
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R′CH2-CH2SR + RS• (step 2)
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stoichiometry of thiol-ene systems would adversely
impact material properties for network-forming reac-
tions, they are a powerful tool for determining the
mechanisms responsible for the desirable characteristics
of thiol-ene photopolymerizations.

This work improves upon the understanding of thiol-
ene polymerization kinetics by examining the overall
reaction order for thiol-allyl ether polymerizations as
well as the dependence of the polymerization rate on
the individual concentrations of thiol and allyl ether
functional groups. We have further complemented the
kinetic investigation by developing a model for thiol-
ene polymerization reactions. Modeling equations are
developed using the established step growth mechanism
for thiol-ene polymerizations. Simulations of the thiol-
ene polymerizations aid in both understanding and
predicting thiol-ene kinetics under a variety of different
circumstances.

Experimental Section
Materials. The monomers 1-octanethiol, 1,6-hexanedithiol

(dithiol), trimethylolpropane allyl ether (allyl ether), and
trimethylolpropane diallyl ether (diallyl ether) and the solvent
ethylene glycol diacetate (EGDAc) were purchased from Ald-
rich (Milwaukee, WI). The photoinitiator, 2,2-dimethoxy-2-
phenylacetophenone (DMPA), was purchased from Ciba-Geigy
(Hawthorne, NY). The monomer pentaerythritol tetra(3-mer-
captopropionate) (tetrathiol) was donated by Bruno Bock
(Marschacht, Germany). All monomers and the photoinitiator
were used as received.

Methods. FTIR studies were conducted using a Nicolet 750
Magna FTIR spectrometer with a KBr beam splitter and an
MCT/A detector. Series scans were recorded, taking spectra
at the rate of approximately 2.5 scans/s. The FTIR sample
chamber was continuously purged with dry air. Samples were
irradiated until the reaction was complete, as indicated by the
functional group absorption spectra no longer decreasing. Thiol
functional group conversion was monitored using the S-H
absorption peak at 2570 cm-1. Allyl conversions were moni-
tored using the carbon-carbon double-bond absorption peak
at 1636 cm-1. Conversions were calculated using the ratio of
peak areas to the peak area prior to polymerization. All
reactions were performed under ambient conditions.

Monomer samples were placed between NaCl crystals in a
horizontal transmission apparatus.21 Polymerizations were
initiated via an EXFO Acticure light source (EXFO, Missis-
sauga, Ontario) with a 320-500 nm filter. Irradiation intensi-
ties were measured with an International Light, Inc., model
IL1400A radiometer (Newburyport, MA).

Differential scanning calorimetry (DSC) studies were con-
ducted using a Perkin-Elmer DSC7 (Norwalk, CT). All DSC
experiments were performed at 25 °C and purged with 20 sccm
of nitrogen throughout the polymerization. Monomer samples
were placed in aluminum pans (TA Instruments, New Castle,
DE) inside the DSC chamber. Polymerizations were initiated
via an EXFO Novacure light source (EXFO, Mississaugua,
Ontario) with a 365 nm filter. Light intensity was experimen-
tally verified with the DSC by monitoring the amount of heat
absorbed from carbon disks (Perkin-Elmer, Norwalk, CT)
placed in the sample holder.

Results and Discussion

The step growth propagation mechanism for thiol-
ene polymerizations implies that the kinetics might be
first order in both thiol and ene concentration and
second order overall (Rp ∝ [SH]1[CdC]1). However,
preliminary photocalorimetry studies indicate that the
polymerization rate is more heavily dependent on thiol
monomer concentration than vinyl monomer concentra-
tion for thiol-allyl ether systems. To study this phe-
nomenon in detail for thiol-allyl ether polymerizations,

a series of experiments were performed to elucidate the
overall reaction order as well as the reaction order for
the individual thiol and ene components. Samples of
monofunctional and difunctional thiol and ene mono-
mers were polymerized in dilute solutions of EGDAc.
The concentrations of thiol and ene functional groups
were manipulated first by changing the concentrations
of both functional groups and then independently
manipulating the concentrations of thiol and ene func-
tional groups.

Figure 1 shows the results for reactions of octanethiol
and allyl ether in solutions of EGDAc. Systematically
varying the concentrations of both thiol and ene func-
tional groups equivalently demonstrates that the reac-

Figure 1. Normalized polymerization rate (Rp/Rpmax) for the
dimerization of octanethiol and allyl ether in EGDAc. (a) 0.22
mol/L (O), 0.44 mol/L (]), and 0.88 mol/L (0) thiol and allyl
ether functional groups. (b) 0.44 mol/L thiol functional groups
and 0.22 mol/L (O), 0.44 mol/L (]), and 0.88 mol/L (0) allyl
ether functional groups. (c) 0.44 mol/L allyl ether functional
groups and 0.22 mol/L (O), 0.44 mol/L (]), and 0.88 mol/L
(0) thiol functional groups. Rpmax is determined from the
maximum rate in the 0.88 mol/L thiol-ene sample. Samples
contain 0.5 wt % DMPA and are irradiated with 365 nm light
at 3.6 mW/cm2.
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tion occurs with roughly overall first-order behavior
(Figure 1a). Holding the thiol functional group concen-
tration constant, similar initial rate behavior is observed
for three different concentrations of ene functional
groups (Figure 1b). These results demonstrate that, in
fact, the polymerization rate is independent of the
concentration of ene functional groups. In contrast, the
polymerization rate is shown to have a roughly first-
order dependence on the concentration of thiol func-
tional groups when the ene functional group concentra-
tion is held constant (Figure 1c). The results shown in
Figure 1 clearly elucidate the surprising result that the
thiol-ene reaction has a first-order dependence on the
thiol functional group concentration and is independent
of the ene functional group concentration.

In a similar manner, polymerizations were performed
with difunctional thiol and ene monomers in dilute
solutions of EGDAc. Polymerizations were carried out
first by manipulating both the thiol and ene functional
group concentrations in a stoichiometric polymerization
(Figure 2a) and then independently manipulating the
ene (Figure 2b) and then the thiol (Figure 2c) functional
group concentrations. The observed polymerization
reaction orders are nearly identical to those of the
monofunctional system. The polymerization is first-
order overall with first-order dependence on the thiol
functional group concentration while being completely
independent of the ene functional group concentrations.
Hence, results from both monofunctional and difunc-
tional thiol-ene polymerizations in solutions of EGDAc
show that the polymerization rate is only a function of
the concentration of thiol functional groups, e.g., Rp ∝
[SH]1[CdC]0.

To aid in interpreting the observed polymerization
results, we have developed a model for thiol-ene
polymerizations. The model is based on the established
step growth thiol-ene polymerization mechanism, con-
taining four species balances on the concentration of
thiol and ene functional groups as well as the concen-
trations of thiyl and carbon radicals. The governing
equations for the model are shown in eqs 1-4.

Equation 1 accounts for the consumption of thiol func-
tional groups by chain transfer with a carbon radical.
Equation 2 accounts for consumption of ene functional
groups via propagation of a thiyl radical. Consumption
of ene functional groups via homopolymerization is not
allowed here as it does not occur in thiol-allyl ether
systems, though it clearly occurs in certain other types
of thiol-ene polymerizations, particularly thiol-acry-
late copolymerizations.9 Equations 3 and 4 describe the
concentrations of thiyl and carbon radicals, respectively,
including contributions from initiation, termination, and
either generation or consumption via propagation and
chain transfer. Equations 1 and 2 assume that con-

sumption of thiol and ene functional groups by initiation
is negligible relative to propagation. The initiation rate
(Ri) is denoted by eq 5 and is calculated on the basis of
standard values for DMPA (f ) efficiency, ε ) molar
absorptivity (150 L/(mol cm) for 365 nm light), [I] )
initiator concentration, I0 ) light intensity, λ ) wave-
length, NAv ) Avogadro’s number, h ) Planck’s con-
stant, c ) speed of light).20,22 Rates of termination or
consumption of thiyl and carbon radicals by radical-
radical recombination are given in eqs 6 and 7, respec-
tively. All kinetic parameters (kCT, chain transfer; kp,
propagation; kt1, kt2, and kt3, termination) are assumed
to remain constant throughout the reaction. All radical-
radical recombinations for termination are assumed to

d[SH]
dt

) -kCT[SH][C•] (1)

d[CdC]
dt

) -kp[CdC][S•] (2)

d[S•]
dt

) Ri - Rt(S
•) + kCT[SH][C•] - kp[CdC][S•] (3)

d[C•]
dt

) Ri - Rt(C
•) - kCT[SH][C•] + kp[CdC][S•] (4)

Figure 2. Normalized polymerization rate (Rp/Rpmax) for
dithiol and diallyl ether monomers in EGDAc. (a) 0.22 mol/L
(O), 0.44 mol/L (]), and 0.88 mol/L (0) dithiol and diallyl ether
functional groups. (b) 0.44 mol/L dithiol functional groups and
0.22 mol/L (O), 0.44 mol/L (]), and 0.88 mol/L (0) diallyl ether
functional groups. (c) 0.44 mol/L diallyl ether functional groups
and 0.22 mol/L (O), 0.44 mol/L (]), and 0.88 mol/L (0) dithiol
functional groups. Rpmax is determined from the maximum rate
in the 0.88 mol/L thiol-ene sample. Samples contain 0.5 wt
% benzophenone and are irradiated with 365 nm light at 1.5
mW/cm2.
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be equally likely, and thus the termination kinetic
parameters (kt1, kt2, and kt3) are all equal.

These seven equations are numerically solved to
model thiol-ene polymerization behavior. The experi-
mentally observed rate behavior of Figures 1 and 2, Rp
∝ [SH]1[CdC]0, is predicted by the model using chain
transfer (eq 2) as the rate-limiting step in the polym-
erization. Modeling chain transfer as a rate-limiting
step in the polymerization is accomplished using a ratio
of propagation kinetic constant to the chain transfer
kinetic constant of 10 (kp/kCT ) 10). Using a value of
kp/kCT ) 10 (Figure 3), the model data predict the
observed polymerization behavior for the dimerization
of monofunctional thiol-enes in EGDAc. The kinetic
parameters utilized are typical of propagation and
termination kinetic parameters for acrylic photopoly-
merizations.22,23

An interesting result occurs due to the propagation
kinetic parameter being 10 times the chain transfer
kinetic parameter. The rates of propagation and chain
transfer must be equivalent due to the step growth
nature of the polymerization. Therefore, the steady-state
concentration of carbon radicals is 10 times that of the
thiyl radicals when concentrations of thiol and ene
functional groups are equivalent.

It is also worthwhile to note that in Figure 3b,c model
predictions of polymerization rates for initially 2:1
stoichiometric ratios of thiol to allyl functional groups
show a rapid decrease in polymerization rate as the
reaction nears completion. The polymerization rate in
these systems is initially proportional to the thiol
functional group concentrations. However, as the con-
centration of allyl functional groups approaches zero,
the polymerization is no longer rate limited by the
concentration of thiol functional groups, and despite an
excess of thiol functional groups, the polymerization rate
quickly falls off. This trend is also evident in the
experimental results as seen in polymerization rates for
initially 2:1 stoichiometric ratios in Figures 1c and 2c
when compared to polymerization rates in 2:2 stoichio-
metric ratios of Figures 1a and 2a.

Typically, thiol-ene polymerizations are carried out
in bulk without the use of solvents. In the case of bulk
polymerizations, thiol and ene functional group concen-
trations cannot be independently manipulated. Increas-
ing the thiol functional group concentration leads to a
concomitant decrease in the ene functional group con-
centration. This coupling makes analysis of bulk po-
lymerization rates in systems with varying functional
group ratios more difficult. The linear thiol-ene system
of dithiol and diallyl monomers was polymerized in bulk
and monitored in real time with FTIR. Monomer solu-
tions were polymerized with a 1:1 stoichiometric ratio
of thiol and ene functional groups as well as initially

2:1 and 1:2 stoichiometric ratios of functional groups
(Figure 4). The linear thiol-ene system with 1:1 stoi-
chiometry achieves full conversion of both thiol and ene
functional groups. In the 2:1 thiol-ene mixture, the
thiol functional groups are the limiting reagent, reach-
ing full conversion while ene functional groups achieve
only 50% conversion and vice versa for the 1:2 stoichio-
metric mixture. It is clearly evident that polymerization
of a 2:1 thiol-ene stoichiometric ratio of functional
groups proceeds more rapidly than the 1:1 or 1:2
mixtures. The 1:1 and 1:2 stoichiometric mixtures have
nearly equivalent curing times. Kinetic parameters
identical to those that prevail for the monofunctional
thiol-ene system in EGDAc are utilized to model the

Ri ) -
d[I]
dt

)
2.303fε[I]I0λ

NAvhc
(5)

Rt(S
•) ) 2kt1[S

•]2 + kt2[S
•][C•] (6)

Rt(C
•) ) kt2[S

•][C•] + 2kt3[C
•]2 (7)

kp

kCT
)

[C•]

[S•]
) 10

Figure 3. Modeling results using kp/kCT ) 10. (a) 0.22 mol/L
(- - -), 0.44 mol/L (s), and 0.88 mol/L (- -) thiol and ene
functional groups. (b) 0.44 mol/L thiol functional groups and
0.22 mol/L (- - -), 0.44 mol/L (s), and 0.88 mol/L (- -) ene
functional groups. (c) 0.44 mol/L ene functional groups and
0.22 mol/L (- - -), 0.44 mol/L (s), and 0.88 mol/L (- -) thiol
functional groups. Normalized polymerization rate is deter-
mined from Rp/Rpmax, where Rpmax is determined from the
maximum rate in the 0.88 mol/L thiol-ene system. Kinetic
parameters are kp ) 5 × 104 L/(mol s), kCT ) 5 × 103 L/(mol s),
kt1, kt2, kt3 ) 1 × 106 L/(mol s). Initiation efficiency (f) is
assumed to be 0.1.
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bulk linear polymerizations with the exception that the
initiation efficiency is assumed to be 1. The model
results for the linear thiol-ene system, also shown in
Figure 4, demonstrate that the polymerization kinetics
for the bulk linear thiol-ene system are accurately
predicted using chain transfer as the rate-limiting step
(kp/kCT ) 10).

Similar experiments are also performed with tetra-
thiol and diallyl monomers to form a cross-linked thiol-
ene system. Polymerizations of initially 1:1, 2:1, and 1:2
stoichiometric ratios of thiol to ene functional groups
are compared to model predictions in Figure 5. Experi-
mental results are accurately predicted using the same
ratio of propagation to chain transfer kinetic constants
(kp/kCT ) 10). Otherwise, results are similar to the linear
system. The 2:1 ratio of thiol to ene functional groups
clearly polymerizes faster than either the 1:1 or 1:2
ratios. The 1:1 and 1:2 ratios of thiol to ene functional
groups exhibit almost equivalent curing times. Surpris-
ingly, model results match experimental data very well
throughout the entire polymerization. Even at conver-
sions greater than the theoretical gel point, there is not

a significant deviation between the model predictions
and the experimental data. This result is to be expected
for conversions below the gel point conversion (57%
theoretically for this stoichiometric mixture) for a
tetrathiol-diallyl system. Investigations by Saad3 in-
dicate that, as expected, the viscosity of the system

Figure 4. Model and experimental data for conversion vs time
of dithiol and diallyl bulk linear polymerization with a 1:1 ratio
of thiol and allyl functional groups (5.31 mol/L) (0), 2:1 ratio
of thiol (]), and allyl (O) functional groups (7.55:3.77 mol/L),
and 1:2 ratio of thiol (4) and allyl (+) functional groups (3.32:
6.65 mol/L). Samples contain 0.5 wt % DMPA and are
irradiated at 5 mW/cm2 with a 320-500 nm filter. Kinetic
parameters are kp ) 5 × 104 L/(mol s), kCT ) 5 × 103 L/(mol s),
kt1, kt2, kt3 ) 1 × 106 L/(mol s). Initiation efficiency (f) is
assumed to be 1.

Figure 5. Model and experimental data for conversion vs time
of tetrathiol and diallyl bulk cross-linking polymerization with
a 1:1 ratio of thiol and allyl functional groups (4.82 mol/L) (0),
2:1 ratio of thiol (]), and allyl (O) functional groups (6.6:3.3
mol/L) and 1:2 ratio of thiol (4) and allyl (+) functional groups
(3.13:6.25 mol/L). Samples contain 0.5 wt % DMPA and are
irradiated at 5 mW/cm2 with a 320-500 nm filter. Kinetic
parameters are kp ) 1.4 × 105 L/(mol s), kCT ) 1.4 × 104 L/(mol
s), kt1, kt2, kt3 ) 1 × 106 L/(mol s). Initiation efficiency (f) is
assumed to be 1.

Figure 6. Normalized polymerization rate (Rp/Rpmax) as a
function of ene functional group conversion for different kinetic
parameters. Thiol and ene functional group concentrations are
0.44 mol/L for a 1:1 stoichiometric ratio of functional groups
with baseline kinetic parameters kp ) 5 × 104 L/(mol s), kCT )
5 × 103 L/(mol s) (kp/kCT ) 10), kt1, kt2, kt3 ) 1 × 106 L/(mol s),
initiation efficiency f ) 0.1. (a) 1:1 stoichiometric ratio of thiol
and ene functional groups with different individual kinetic
parameters with kp/kCT constant. Baseline kinetic parameters
(0), kp ) 5 × 105 (]), kt1, kt2, kt3 ) 1 × 105 (O), f ) 1 (4). (b) 2:1
stoichiometric ratio of thiol to ene functional groups with
different individual kinetic parameters with kp/kCT constant.
Baseline kinetic parameters (0), kp ) 5 × 105 (]), kt1, kt2, kt3
) 1 × 105 (O), f ) 1 (4) (c) 1:1 stoichiometric ratio of functional
groups) with different ratios of propagation to chain transfer
kinetic parameters. kp ) 2.5 × 104 L/(mol s), kCT ) 5 × 103

L/(mol s) (kp/kCT ) 5) (0), kp ) 5 × 104 L/(mol s), kCT ) 5 × 103

L/(mol s) (kp/kCT ) 10) (O), kp ) 2.5 × 105 L/(mol s), kCT ) 5 ×
103 L/(mol s) (kp/kCT ) 50) (]). 2:1 stoichiometric ratio of
functional groups) with different ratios of propagation to chain
transfer kinetic parameters. kp/kCT ) 5 (0), kp/kCT ) 10 (O),
kp/kCT ) 50 (]). Rpmax is determined from the maximum
polymerization rate for each individual system.

Macromolecules, Vol. 36, No. 12, 2003 Thiol-Ene Photopolymerization 4635



begins to increase dramatically only near and following
the gel point conversion. Apparently, even after gelation,
diffusion-limited kinetics do not result in significant
deviations for polymerization rates in this rubbery
system until conversions are well above the gel point.

While the initiation, propagation, and termination
kinetic parameters each have significant effects on
overall polymerization rate behavior, the observed
changes in rate with thiol and/or ene functional group
concentrations are solely a function of the ratio of
propagation to chain transfer kinetic constants (kp/kCT).
This phenomenon is illustrated by plotting the normal-
ized polymerization rate (Rp/Rpmax) as a function of
conversion (Figure 6). Normalized rates are plotted
utilizing the kinetic parameters from monofunctional
thiol-ene reactions in solution (Figure 3). Subsequent
rates are plotted with the propagation kinetic constant
(kp) and initiation rate (I0) increased by a factor of 10
and the termination kinetic constants (kt1-3) decreased
by a factor of 10. The normalized rates are then plotted
again for each of the four cases with the concentration
of thiol functional groups increased by a factor of 2.
Normalized rates are also plotted for both initially 1:1
and 2:1 stoichiometric ratios with values for the ratio
of the propagation to chain transfer kinetic parameters
of 5, 10, and 50. The results illustrate that the absolute
values of the propagation (kp) and termination (kt1-3)
kinetic parameters as well as the initiation rate have
little effect on the normalized polymerization kinetics
(Figure 6a,b). The experimentally observed change in
polymerization behavior resulting from doubling the
thiol functional group concentration is only a function
of the ratio of propagation to chain transfer kinetic
constants (kp/kCT) (Figure 6c).

Conclusions
Polymerizations of mono- and difunctional thiol and

allyl ether monomers in solutions of EGDAc demon-
strate that the polymerization kinetics are first order
overall, first order in the thiol functional group concen-
tration, and independent of the ene functional group
concentration: Rp ∝ [SH]1[CdC]0. The polymerization
behavior is predicted utilizing a model based on the
fundamental thiol-ene polymerization mechanism. The
observed kinetic behavior is explained using chain
transfer as the rate-limiting step in the polymerization
by setting the ratio of propagation to chain transfer
kinetic constants equal to 10 (kp/kCT ) 10). Model
predictions match both mono- and difunctional polym-
erization behavior in solutions of EGDAc. Bulk poly-
merizations of both linear and cross-linking thiol-ene
systems are also accurately predicted. The ratio of the
propagation kinetic constant to the chain transfer

kinetic constant is the only adjustable parameter in
the model affecting the observed rate behavior of Rp ∝
[SH]1[CdC]0.
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