Kinetics of Reaction of n-Butanol and Triaminononane
Trisisocyanate Measured via *C Solution NMR
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SYNOPSIS

The model reaction kinetics of a novel trifunctional isocyanate 4-aminomethyl-1,8-di-
aminooctane [informally referred to as triaminononane trisisocyanate (T'TI)] with n-butanol
is described. Butanol is used in place of the normal polyols used in actual coatings for-
mulations in order to simplify the system for kinetic analysis. Using '*C-NMR, the differ-
ences in reactivity of each isocyanate group was studied in real-time measurements. There
is little difference in the second-order rate constants between the three T'TI isocyanate
groups in the uncatalyzed systems at 25, 35, or 45°C. The dibutyl tin dilaureate (DBTDL)
catalyzed system exhibits similar second-order rate constants for the medium- and long-
branch systems, and a smaller rate constant for the short-branch system. The activation
energies increase with increasing chain length in the uncatalyzed system, while for the
catalyzed system the long and medium branches have identical activation energies, and
the short-branch system has the lowest activation energy. The addition of chloroform or
increasing the butanol : TTI ratio results in an increase of the measured rate constant. ©

1995 John Wiley & Sons, Inc.

INTRODUCTION

The use of aliphatic isocyanates in coating appli-
cations continues to grow because they offer excel-
lent UV and weathering resistance along with other
desirable coating properties. Coating applications
now account for over 30% of the usage of aliphatic
isocyanates. There is a strong impetus for the de-
velopment of novel aliphatic isocyanates, particu-
larly for use in low VOC coatings.! A trifunctional
isocyanate, prepared by a patented nonphosgene
process from 4-aminomethyl-1,8-diaminooctane has
been recently described.2® This triisocyanate is in-
formally referred to as triaminononane trisisocyan-
ate (T'TI). TTI has extremely low viscosity (10 mPa
s) and low equivalent weight (84 g/eq). Despite
these characteristics, initial tests suggest that TTI
is more similar to polyisocyanates than to hexa-
methylene diisocyanate in toxicological properties
and performance in coating systems.? This similarity
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to polyisocyanates is especially emphasized by a very
low vapor pressure of TTI (1.0 X 10 ~° mm at 20°C).
TTI offers the potential of very low or zero VOC
when properly formulated into a coating system.

The focus of the research described in this article
is to determine the reactivity of the isocyanate
groups present in TTI. The potential exists in the
case of TTI for different reactivity among three dif-
ferent length isocyanate-terminated aliphatic chains
emanating from a center branch:

O=C=N—(CH2)4—(|>H—(CH2)3—N=C=O
1 C|H2 2
N
g
i3
(o]
Triaminononane Trisisocyanate

These three branches will be referred to as the
long (1), medium (2), and short (3) branches, re-
spectively. This article will explore the reactivity
differences, if any, of these three isocyanate groups.
Our approach will be to use the model reaction of
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Figure 1 Plot of amount of each unreacted isocyanate group in TTI as a function of
reaction time for the uncatalyzed system at 25°C. The empirical biexponential curve fits

for each sample are shown.

n-butanol and TT1 to avoid problems with gelation
inherent in actual coating formulations. This reac-
tion is shown below:

—CH,—N=C=0 + CH,CH,CH,CH,OH ——
T n-Butanol

|l
—CH,—N—C—0—CH,CH,CH,CH,
Carbamate

Additionally, the role of catalysis is of interest;
our approach will be to study the system both cat-
alyzed and uncatalyzed to determine how the reac-
tivity is affected by catalysis. Additionally, we will
briefly study the role of a solvent/compatibilizer
(chloroform) and reactant ratio (n-butanol : T'TI
ratio) on the rate constants.

The usual approach to isocyanate kinetic studies
is to work in dilute solutions and with an excess of
one component (typically the alcohol). This ap-
proach has the advantage of removing any viscosity

dependence from the measured rate constants, and
also allows the reduction of the rate equations to
first order. Additionally, many of the analytical
techniques used are well suited to dilute solution
conditions. Two of the most common techniques are
infrared spectroscopy and titration. Infrared spec-
troscopy takes advantage of the strong extinction
coefficient of the isocyanate functional group; how-
ever, IR is limited in the case of high concentrations,
as the signal is no longer linearly related to concen-
tration. The titration method involves quenching
the reaction with di-n-butylamine, and then mea-
suring the amount of consumed di-zn -butylamine by
titration. This is another technique well suited to
dilute solutions. However, both techniques suffer
from an inability to distinguish between chemically
different isocyanate groups. Our approach to this
problem was to use real-time *C solution NMR to
measure the reaction kinetics of the T'T1/n-butanol
reaction. The *C-NMR spectrum of TTI has a
unique peak for the methylene groups adjacent to
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Figure 1

the isocyanate functional moiety. This spectral sep-
aration allowed us to quantify the reaction kinetics
for each isocyanate group in TTI, and further al-
lowed the measurement of reaction rate under con-
centrations more representative of those found in
actual coatings applications.

The use of *C solution NMR for measurement
of kinetic constants of isocyanates is a methodology
not readily found in the literature for isocyanate
kinetic studies. The most common method of anal-
ysis of aliphatic isocyanate and aliphatic alcohol re-
actions is reacting the sample with di-n-butylam-
ine.*® The amount of unreacted di-n-butylamine is
then titrated, and the difference between starting
and final amount gives the amount of unreacted iso-
cyanate. Seneker and Potter coupled the titration
method with a refractive index method in which the
refractive index is linearly related to unreacted
isocyanate content; the calibration curve was con-
structed via titration data.” Another approach is the
use of infrared spectroscopy to quantify the reduc-
tion in isocyanate content.®'2 This method has the
advantage of performing kinetics real time, but can-

(Continued from the previous page)

not distinguish between slightly different isocyanate
groups. Surivet, Lam, and Pascault used Size Ex-
clusion Chromatography to follow the reaction, and
I3C-NMR to quantify the final extent of reaction.!?
No direct references have been found of the use of
3C.NMR to follow isocyanate kinetics real time.

EXPERIMENTAL

All samples for kinetic measurements were prepared
in a 5 mm solution NMR tube for analysis on a
Bruker AC-200 NMR spectrometer using a 5 mm
solution probe. Samples for kinetic measurement
were weighed directly in the NMR tube, and the
tube inserted into the NMR magnet. The samples
were run unlocked and spinning at 20 Hz using a
standard *C Inverse Gated sequence (**C 90° pulse
with decoupling only during acquisition). The num-
ber of scans was either 16, 32, or 64, depending on
the overall rate of reaction. The recycle delay was
based on the measured 3C T1 values to allow full
relaxation of the carbons being quantified. *C T1
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Figure 1 (Continued from the previous page)

measurements were performed on the same instru-
ment using an inversion recovery pulse sequence
(180-7-90-AQ). The recycle delay was 15-20 s for
the T'1 measurements, the spectral width was 12500
Hz (248 ppm), and the spectral frequency was 50.323
MHz. The T1 data was fit using the equation

I(r)=A+ B[l —exp(—7/T1)]

where A is the starting intensity, and the signal in-
tensity varies from A to A+ B. This form of the in-
version recovery equation accounts for nonideal in-
tensities. The *C and DEPT spectrum used for as-
signment of the T'TI peaks was performed under
similar conditions to the *C T'1 measurements. The
J (CH) used for the DEPT experiment was 140 Hz,
and the recycle delay for this experiment was 5 s.

Kinetic measurements of the concentration of
each unreacted isocyanate were taken using the
methylene carbons adjacent to each isocyanate
group. This will be discussed in detail in the Dis-
cussion section.

The kinetic calculations involving this system are
complicated by the fact that the same alcohol can
react with three different isocyanates at different
rates, so a simple second-order equation cannot be
used. Additionally, the system cannot be treated as
a pseudofirst order, as the concentrations required
to meet this condition would require too low a con-
centration for useful *C-NMR. These complications
required each reaction to be plotted separately. The
kinetic equations used were

[A;] + [BuOH] — [C,] (1)
[Az2] + [BuOH] — [C,] (2)
[As] + [BuOH] — [(;] (3)

where: A; are the isocyanate groups, BuOH is the
n-butanol, and C; is the carbamate product.
From this, the basic kinetic equation is

—d[A/] _

at —ki[A;][BuOH] (4)
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Figure 2 (a-c) Plots of —d[A;]/dt vs. k*[A;]1*[BuOH] for the uncatalyzed system at
25°C. Low conversion is at the right and high conversion at the left.
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Uncatalyzed TTI Kinetics at 25 C
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Kinetic constants were calculated by plotting the
intensity of each peak as a function of time, and then
fitting the data as a biexponential curve for uncata-
lyzed systems, and a single exponential decay for cat-
alyzed systems. This is shown in Figure 1(a—c) for
the 25°C uncatalyzed system. These curves were then
differentiated, and plotted vs. [A;]* [ B] giving a slope
of k;, as can be seen in Figure 2(a-c) for these same
peaks. The second-order rate constants were calcu-
lated using the points down to a [NCO]*[BuOH]
product of 3.5 or higher due to observed change in
rate constant at higher conversions in many systems
(conversion goes from high to low on this type of
plot). The concentration of n-butanol was calculated
by the initial concentration minus the decrease in
each isocyanate functionality (via the adjacent
methylene carbon). The n-butanol peaks were not
quantified due to their very long *C T1 values.

Catalyzed kinetics were performed by adding the
catalyst dibutyl tin dilaureate (DBTDL) to the
chloroform solution in the proper concentration
such that the catalyst concentration was 0.1 parts
per 100 g of T'TI. The chloroform was present as a
25% weight percent component in all systems as a
compatibilizing agent, because the unreacted bu-

tanol-TTI system will segregate into separate com-
ponents at low conversions.

The time value used for each individual NMR
experiment was the starting point of that experi-
ment. The starting time was taken as the moment
at which the alcohol and isocyanate (and catalyst
if applicable ) were mixed; thus, each kinetic run has
a 3-4 min lead time before the first measurement.
The measurement temperature, which is crucial for
kinetic experiments, reached equilibrium within 1-
2 min after insertion of the tube into the NMR
spectrometer. The measurement temperature was
controlled to better than + 0.1°C.

Chemical shift calculations were performed using
Grant-Paul additivity rules. To calculate chemical
shifts for isocyanates, additivity parameters for iso-
cyanate groups were calculated from the literature *C-
NMR spectra® of seven alkanes and their correspond-
ing isocyanates. The calculated values are a(NCO)
= +29.9, B(NCO) = +8.6, and 6 (NCO) = —5.4 ppm.

RESULTS AND DISCUSSION

This research will be discussed in three sections.
The first section is the NMR assignments of the 3C
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Figure 3

spectrum of TTI, while the second section contains
the 3C T1 results, which were part of the foundation
necessary for accurate NMR kinetic measurements.
Following this, the actual kinetic work will be dis-
cussed, including a comparison of the effects of ca-
talysis, the changes in rate with the addition of
chloroform, and the effect of varying the T'T1 to n-
butanol ratio. Finally, possible applications for the
kinetic data will be discussed.

Assignment of *C Spectrum of TTI

The 3C spectrum of TTI is shown in Figures 3
through 5, and the DEPT experiment of T'TI in Fig-
ure 6. The numbering scheme for the T'TI carbons
is shown below:

ocmN—c,czcac4<l:5csc,ce—Nc“o

Cls
NC,,0

Numbering Scheme for Triaminononane Trisisocyanate (TTI)

13C spectrum of triaminononane trisisocyanate (TTI).

Figure 4 shows the isocyanate region of TTI.
There are two isocyanate peaks in this region. The
more intense NCO peak at 121.4 ppm arises from
TTI Carbons 10 and 11, while the peak at 121.2 ppm
arises from TTI carbon 12. The ¥*C and DEPT ex-
periments for the methylene /methine region of T'TI
are shown in Figures 5 and 6. Based on this, the C5
methine carbon was assigned to the peak at 37.7
ppm. Assignment of many of the remaining peaks
was based on chemical shift calculations using the
Grant-Paul additivity rules'® and the use of a similar
compound spectrum found in the literature,'® tri-
aminooctane trisisocyanate (TAO-TI). TAO-TI
with its numbering scheme is shown below:

OC,N—C‘0203('|J4C3020,—NC7O

<|3s
NC,0

Numbering Scheme for Triaminooctane Trisisocyanate (TAO-TI)



2148 KREJSA AND HIGGINBOTTOM

12139

PPM

13C spectrum of isocyanate region of TTI.

Figure 4

It was necessary to account for any referenc-
ing differences between our TTI work and the lit-
erature work for TAO-TI. The equivalent TAO-
TI carbon peaks are shifted downfield by 0.5 ppm
for the isocyanate (121.9 ppm for TAO-TI vs.
121.4 ppm for T'TI) and the methine carbons (38.2
ppm for TAO-TI vs. 37.7 ppm for T'TI). Thus, we
subtracted 0.5 ppm from our shifts to compare
against TAO-TI chemical shifts. This was invalu-
able in separating subtle differences in chemical
shifts of different TTI carbons. The full set of
TAO-TI ¥*C-NMR assignments is contained in
Table 1.

Assignment of the remaining TTI carbons is
shown in Table II. The peak at 44.9 ppm in Figure
5 is to TTI carbon C9; this is based primarily on
chemical shift calculations. TTI Carbons C8 and C1
are assigned to the peaks at 42.3 and 42.0 ppm, re-
spectively. The assignment of the peak at 42.3 ppm
to TTI carbon C8 is supported by the *C work on
TAO-TI, which has a peak at 42.4 ppm (after cor-
recting for referencing) . The peak at 22.6 arises from

TTI carbon C3, as this shift is sufficiently unique
to be easily assigned. T'TI Carbons C6 and C7 should
have comparable peaks in the TAO-TI spectrum.
TAO-TI contains peaks at 27.9 and 27.7 ppm (after
correcting for referencing); thus, the TTI peaks at
27.6 and 27.5 ppm arise from carbons C6 and C7,
respectively. The peaks at 30.5 ppm and 29.9 are,
therefore, due to TTI carbons C2 and C4, respec-
tively, as TTI C2 would be expected to appear fur-
ther downfield than TTI carbon C4. It should be
noted that the order of C6 /C7 and C2/C4 are based
on their relative positions in the chemical shift cal-
culations, and it may be possible that the assign-
ments for these two sets of peaks are reversed. These
peaks were not used in this study, and as such a
misassignment would not affect the conclusions of
this work.

3C T1 Results

Quantitative *C-NMR requires that the recycle de-
lay be five times the longest T1 value in the system.
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This requirement necessitated the measurement of
the 3C T1 values for several different carbons: the
isocyanates carbons C10/C11 and C12, and the
methylene carbons C1, C8, and C9 in TTI, and the
n-butanol carbons C1-C4. Table III lists the *C T1
values for the methylene carbons adjacent to the
isocyanates, while Table IV lists the values for the
n-butanol carbons. The isocyanates carbons have
extremely long *C T1 values (approximately 10 s
or longer); coupled with the lack of resolution of
the C10/C11 carbons makes these peaks poor
choices for kinetic measurements. The n-butanol
carbons in Table IV are also very long when com-
pared to the T'TI methylene carbons in Table I.
Based on these considerations, the decision was
made to use the T'TI methylene carbons C1, C8, and
C9 to quantify the kinetics of the n-butanol/TTI
reaction. Furthermore, the long '*C T1 values for n -
butanol meant that the n-butanol concentration
could not be directly measured without significantly
impacting the precision of the kinetic measurements
(by increasing the recycle delay and minimizing the
number of scans).

PPM

13C spectrum of aliphatic region of T'TI spectrum.

Kinetic Measurements

The kinetic measurements were performed under a
variety of experimental conditions. The first key to
performing kinetic measurements was to determine
over which range of concentrations the rate constant
should be calculated. Figure 2 (a-c) contains typical
plots of —d[ Ai]/dtvs. [Ai]* [BuOH]. In this system
we chose to limit the rate constant calculation to
points above a [Ai]* [BuOH] value of 3.5 (which
corresponds to a conversion of 75-80% ). In some
of the systems studied (notably the catalyzed sys-
tems) there is a second slope at higher conversions.
This second slope is most likely due to the change
of the polarity of the system with conversion of iso-
cyanate and alcohol to carbamate, though the effect
of viscosity cannot be ruled out. This deviation from
linearity has been observed by several other au-
thors,>"% although their explanations do not nec-
essarily agree with ours. The general explanation is
that the presence of urethane groups on the same
molecule or in sufficient quantity in solution inter-
acts with the reactants and changes the rate con-
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stants. If the effect was due to reaction of other NCO
groups on the same TTI molecule, this deviation
from linearity would be observed at much lower
conversions.

The results for the uncatalyzed and catalyzed rate
constants are shown in Table V. The differences in
reactivity between the three isocyanates groups in
the uncatalyzed system are small, but a large dif-
ference can be seen for the catalyzed system for the
C9 carbon, which is the short branch system. This
is probably due to steric considerations involving
the interaction between the isocyanate and the
DBTDL catalyst. Whether the isocyanate or the al-
cohol are forming a complex with the DBTDL cat-
alyst is not exactly clear for our data or the literature
data. In either case, the complex could be easily hin-
dered from reaction due to the branch site near the
C9 carbon.

Figures 7 and 8 are a graphic illustration of the
negative log of the kinetic constants as function of
1/T. This is an activation energy plot used for cal-
culating activation energies for these reactions. All

Table I *C-NMR Assignments for
Triaminooctane Trisisocyanate (TAO-TI)

Carbon Peak Position (ppm)

42.9
284
28.2
38.2
45.7
121.9
121.9

IO O WN =

OC;N— 010203?4030201——NC70

(|35
NC,O

Numbering Scheme for Triaminooctane Trisisocyanate
(TAO-TD.

of the peaks in the uncatalyzed system exhibit some
deviations from simple Arrhenius behavior, while the
catalyzed system shows much better correlation with

.

PPM
Figure 6 DEPT spectrum of aliphatic region of TTL



Table II '*C-NMR Assignments and Calculations
for Triaminononane Trisisocyanate (TTI)
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Table IV *C T1 Values for n-Butanol as a
Function of Temperature

Calculated Measured
Chemical Shift Chemical Shift

Carbon (ppm) (ppm)
1 44.0 42.0

2 31.9 29.9/30.5
3 25.3 23.3

4 32.1 30.5/29.9
5 43.7 37.7

6 30.0 27.6/27.5

7 29.0 27.5/27.6
8 44.2 42.3
9 48.6 44.9
10 N/A 121.4
11 N/A 1214
12 N/A 121.2

Peak 25°C 35°C 45°C
C1 3.51 4.58 5.08
C2 4.45 5.33 6.10
C3 6.30 7.79 8.12
C4 6.47 7.09 7.80

ocmN—clczcac4<|zscsc7cs—Ncuo

(|39
NC,,0

Numbering Scheme for Triaminononane Trisisocyanate
(TTD.

Arrhenius behavior. Table VI shows the activation
energies calculated assuming pure Arrhenius-type
behavior. It is interesting to note that the activation
energies for the uncatalyzed system decrease with in-
creasing chain length. This is probably due to in-
creased motional freedom allowing for a more rapid
reaction rate. This is supported by the *C T1 results
in Table III; the increase in T1 values from the short
branch (C9) to the long branch (C1) are due to an
increase in molecular motions, as TTI would be ex-
pected to be on the fast side (small 7, near point D)
of the T1 curve shown below.'”* This curve is the
relationship between the average correlation time 7¢
and the measured T1 value; an increase in T1 cor-

* Copyright © 1971 by Academic Press, Inc. Reproduced with
permission.

Table III 3C T1 Values for TTI as a Function
of Temperature

Peak 25°C  35°C  45°C  55°C

Carbon 9 [44.8 ppm)] 451 655 602 680
Carbon 8 [42.1 ppm] 855 1202 1170 1412
Carbon 1 [41.8 ppm] 959 1307 1329 1564

T1 values in milliseconds.

T1 values in seconds.
Numbering scheme for n-butanol carbons:

¢,—C,—C;—C,—OH

responds to an increase in localized molecular mo-
tions (if the system is on the fast side of the curve):

10

S e R L

1/u, 1/, l./vlid
+ 4+ +
10 47 T P T T . T 2 T
107! 10 10
r S

The drop in activation energy with increasing
chain length in the uncatalyzed system is in contrast
to the catalyzed system, where the short branch has
the lowest activation energy. We believe this is an
effect of the catalyst interaction (easier to bind a
short chain then longer chain). Our hypothesis is
that in the catalyzed systems the activation energy
represents the energy of disassociation of the cata-
lyst-reaction complex, while the overall rate con-
stant is more representative of the rate of formation
of the complex. This helps to explain why the short
branch system (Carbon C9) has a low activation
energy yet also has the smallest rate constants.

Table VII shows the effect of varying the butanol :
TTI ratio. Increasing the butanol : T'T1 ratio increases
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Table V Rate Constants for TTI/n-Butanol System Catalyzed
and Uncatalyzed TTI : BUOH Ratio of 1.5 : 1,

Chloroform as Compatibilizing Agent

k (Short) k (Medium) k (Long) k (Total)
Uncatalyzed
25°C 9.9E-06 1.3E-05 1.3E-05 3.6E-05
35°C 1.4E-05 2.0E-05 1.8E-05 5.3E-05
45°C 4.0E-05 4.3E-05 2.9E-05 1.1E-04
Catalyzed
25°C 2.6E-05 5.3E-05 4.7E-05 1.3E-04
35°C 4.8E-05 1.1E-04 1.2E-04 2.8E-04
45°C 6.9E-05 2.6E-04 2.5E-04 5.7E-04

Units = liter/(mol X seconds).

the overall rate constants; this is due to the increased
polarity of the solution in the presence of increased
amounts of n-butanol. The isocyanate—alcohol reac-
tion is a nucleophilic attack; increasing the solution
polarity will tend to favor nucleophilic reactions.
Table VIII illustrates the effect of chloroform on
the rate constants. In the absence of chloroform,
the rate constants are significantly depressed. Chlo-
roform is necessary in these systems to maintain a

single-phase system; in the absence of any chloro-
form the system will exhibit two phases until a small
amount of reaction has occurred, at which point the
system forms 1 phase. Thus, the depressed rate con-
stants in the absence of chloroform are probably due
to the fact that the reaction is more interfacial then
homogeneous initially in the absence of chloroform.

A comparison between our kinetic constants and
those in the literature was difficult at best. Isocyanate~

Activation Energy Plot (DBTDL Catalyzed)
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Figure 7 Rate constants as function of 1/T for the uncatalyzed system.



alcohol reactions are highly sensitive to variations in
reaction conditions including (but not limited to) type
of solvent, reactant concentration, and ratio of reac-
tants. The literature values, which were done in dilute
solutions in most cases, were substantially lower then
the values we obtained. Thus, meaningful direct com-
parisons of our work to the literature is difficult.

A possible application of this work is the pro-
duction of linear (relatively) carbamates with
branch isocyanate functionality. The rate difference
between the medium/long branches and the short
branch in the catalyzed system at 45°C is a factor
of 3.5. This is great enough to allow the selective
conversion of the medium and long branches while
highly limiting the amount of reaction of the short
branch. This could be used to produce a linear car-
bamate with branch functionality to allow cross-
linking in the coating formulation. There may even
be catalyst systems with a greater separation in rates
for TTI; a systematic study of catalysts for TTI
would be very useful in this regard.

CONCLUSIONS

Under DBTDL-catalyzed conditions there is a dif-
ference in second-order rate constants between the

REACTION KINETICS OF TTI 2153

Table VI Calculated Activation Energy

Ea (kJ/mol)
Short Branch Uncatalyzed 55
Medium Branch Uncatalyzed 46
Long Branch Uncatalyzed 31
Total Uncatalyzed 44
Short Branch Catalyzed 39
Medium Branch Catalyzed 62
Long Branch Catalyzed 65
Total Catalyzed 60

short-branch isocyanate group vs. the medium and
long branch isocyanate groups. This difference is not
observed in the uncatalyzed system. Changing the
polarity of the system by adding or excluding chlo-
roform and changing the butanol : TTI ratio also
affects the rate constants; chloroform and additional
butanol both increase the rate constants. This is due
to the high sensitivity of isocyanate reactions to so-
lution polarity. The activation energy increases with
increasing chain length in the uncatalyzed system,
while the long and medium branches have similar
(and higher) activation energies than the short
branch in the DBTDL-catalyzed system. This dif-
ference is probably due to the effect of catalyst-reac-

Activation Energy Plot (Uncatalyzed)
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11.00 %L
10.50 +

1000 +

-In(k)

9.50 1

9.00 1

8.00

—— k(lgn)
—&—k(medium)
—a—k({short)
- k(total)

: 4
u T

0.0031 0.00315 0.0032 0.00325

1T (1/K)

n 4
T T

0.0033 0.00335

0.0034

Figure 8 Rate constants as function of 1/T for the DBTDL system.
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Table VII Effect of BuOH : TTI Ratio on Rate Constants

k (44.8) k (42.1) k (41.8) k (Total)
35°C with CDCL3 1.4E-05 2.0E-05 1.8E-05 5.3E-05
35°C without CDCL3 6.7E-06 7.0E-06 5.8E-06 2.0E-05
45°C with CDCL3 9.4E-05 5.0E-05 4.2E-05 1.9E-04
45°C without CDCL3 1.0E-05 1.1E-05 8.8E-06 3.0E-05

Units = liter/(mol X seconds).
Table VIII Effect of n-Butanol : TTI Ratio on Rate Constants
k (44.8) k (42.1) k (41.8) k (Total)
25°C, BuOH: TTI1:1 6.7E-06 8.7E-06 6.5E-06 2.2E-05
25°C, BuOH: TTI1.5:1 9.9E-06 1.3E-05 1.3E-05 3.6E-05

Units = liter/{mol X seconds).

tant disassociation in the catalyzed samples and chain
end mobility differences in the uncatalyzed systems.
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