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QUATERNARY AMMONIUM POLYELECTROLYTES. V.
AMINATION STUDIES OF CHLOROMETHYLATED
POLYSTYRENE WITH N N-DIMETHYLALKYLAMINES

CORNELIA LUCA, ECATERINA AVRAM, and [. PETRARIU

“P. Poni” Institute of Macromolecular Chemistry
6600 Jassy, Romania

ABSTRACT

The amination reactions of chioromethylated polystyrene with N, V-di-
methyldodecylamine, V,N-dimethyltetradecylamine, and NV, N-dimethyl-
hexadecylamine were studied. The physical properties, particularly the
solubility properties of the resulting polymers, are influenced by the
hydrophobic properties of the long alkyl chain on the N* atoms. The
main factor that influences the kinetics of the reactions is the polymer-
solvent interaction parameter.

INTRODUCTION

The reaction between a tertiary amine and a halogenated compound is
known as a bimolecular nucleophilic substitution reaction with second-order
kinetics. However, in many instances, if one of the reaction components is
a polymer, the reactions do not follow the normal second-order kinetics ob-
served for the corresponding low molecular weight analogs. In the amination
of the chloromethylated polymers chloromethylated polystyrene and poly-
sulfones, acceleration and deceleration or normal second-order kinetics are
observed,

Lloyd and Durocher [1] first investigated the kinetics of the amination
process between poly(vinylbenzyl chloride) crosslinked with 0.05-0.1%
divinylbenzene and aqueous trimethylamine. They observed that the rate of
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amination decelerated markedly at about 50% conversion. Noda and Kagawa
[2] carried out kinetic studies for the reaction of chloromethylated polysty-
rene with triethylamine in DMF and established that the amination followed a
second-order kinetics scheme. Daly and coworkers [3, 4] studies the amination
of various chloromethylated polysulfones with tertiary amines, such as 2-hydroxy-
ethyldimethylamine, bis(2-hydroxyethyl)methylamine, tri(2-hydroxyethyl)-
amine, triethylamine, and tri-n-butylamine in DMSO, DMSO:DOX, and DMSO:
THF mixtures. Acceleration or deceleration of reaction rates as well as normal
second-order kinetics were observed. The authors suggest that the flexibility of
the polymer backbone plays the most important role in the rate profile.

In previous papers [5-7] we studied the kinetic aspects of the amination
of chloromethylated polystyrene with tertiary amines, such as V,V-dimethyl-
2-hydroxyethylamine (DMHEA), N, N-diethyl-2-hydroxyethylamine (DEHEA),
N,N-dimethyl-2-hydroxypropylamine (DM2HPA), N,N-dimethyl-3-hydroxy-
propylamine (DM3HPA), triethylamine (TEA), and dimethyloctylamine
(DMOA) in various solvents.

The present paper reports studies of the reaction of chloromethylated poly-
styrene (CMPS) with N, N-dimethyldodecylamine (DMDA), N,N-dimethy]-
tetradecylamine (DMTA), and N,N-dimethylhexadecylamine (DMHA) as well
as with the kinetic aspects of these reactions in various solvents.

EXPERIMENTAL

Chloromethylated polystyrene was prepared according to data in the liter-
ature [11, 12] using a polystyrene with #, 37 000 and with a chlorine con-
tent of 22.70%. Solvents (for abbreviations, see Table 2) were purified by
conventional methods. The amines were of reagent analytical grade.

The kinetic measurements were carried out according to a previously re-
ported technique [6]. In the cases where phase separation took place (the
reaction mixture shifts to opalescent), the kinetic measurements were carried
out in sealed tubes immersed in a thermostat. After the desired time, the
sealed tubes were opened and the C1” ion concentration was measured.

The reduced viscosity in methanol at 25°C was determined by means of
Ubbelohde suspended-level viscometers.

RESULTS AND DISCUSSION

Amination of Chloromethylated Polystyrene

The reactions of CMPS with the above-mentioned amines take place ac-
cording to Scheme 1.
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SCHEME 1.

Analytical data of the resulting P -P; polymers are listed in Table 1. The
quaternized polymers are white powders. Their solubilities are shown in
Table 2. The P,-P; polymers have a solubility behavior different from the
other quaternary polymers; they are insoluble in water and soluble in some
halogenated compounds.

The dependence of the reduced viscosity on the dilution (Fig. 1) shows
typical polyelectrolyte behavior. The P; polymer has the lowest reduced vis-
cosity, while P, and P, and the quaternary ammonium compound obtained
by the reaction of CMPS with N, N-dimethyloctylamine (Py polymer) have
approximately the same reduced viscosities at concentrations above 1.2 g/100
mL. At lower concentrations, the reduced viscosities follow the order
Py >P, >P, >>Ps.

Generally speaking, the reduced viscosity values decrease with the magni-
tude of the hydrophobic character of the N* atom radicals because the pack-
ing of the macromolecular chain varies with the hydrophobic intramolecular
interactions. But in our case the P, sample fell out of line, which is difficult
to explain.
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TABLE 1. Chemical Characterization of P, -P; Polymers?

Chlorine content, % Nitrogen content, %
Polymer Calculated Found Calculated Found b
Py 9.70 10.28 3.83 3.65 89.39
P, 9.00 9.39 3.56 3.50 9591
P, 8.41 8.69 3.32 3.20 90.48

2All amination reactions carried out on CMPS with a 22.70% chlorine
content.
bMolar conversion calculated from nitrogen content.

Kinetic Aspects

It is well known that second-order kinetics follow

1 bla-x) 2.303 1-a
= In = log ,
(@-b) ab-x) (@-Byp "~ 1-8

Q)

where a is the initial concentration of amine, mol/L; & is the initial concentra-
tion of chloromethy! groups, mol/L; x is the concentration of halogen ions at
time 7; & = x/a, the fraction of amine reacted at time ¢; and § = x/b, the frac-
tion of chloromethyl groups reacted at time # (conversion).

The logarithmic terms in Eq. (2) are plotted versus time in order to deter-
mine the kinetic behavior, and the results are presented in Figs. 2-6.

From these graphs one can observe that:

1. The plots for aminations with all three amines in DMF, DMAc, and
DMF:DOX mixtures are represented by two straight lines which intersect near
$=0.50. This shows that the reactions take place in two steps with different
rate constants, £, and k,. Since k, is higher than &, , deceleration takes place.

2. The reaction between CMPS and DMTA in DMACc has a lower reaction
rate than DMF although the two solvents have approximately the same di-
electric constants. The higher rate constants in DMF are considered to be
due to the better solvation of the transition state in this solvent.

3. The reaction rate is decreased by the introduction of DOX into DMF.
This was expected because it is well known that, in bimolecular nucleophilic
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TABLE 2. Solubility of Polymers at Room Temperature

Experiment Solvent Resultd

1 Water -

2 Methyl alcohol +

3 Ethyl alcohol +

4 Butyl alcohol +

5 Acetone -

6 Methylethylacetone -

7 N,N-Dimethyliformamide (DMF) +-

8 N,N-Dimethylacetamide (DMAC) +-

9 Dimethylsulfoxide (DMSO) + -
10 Dioxane (DOX) -
11 Dioxane:DMF (1:1;v/v) +-
12 Dioxane:DMF (2:1; v/v) -
13 Benzene -
14 CH,Cl, +
15 CHCl,4 +
16 CCl, -
17 C,H,Cl, -
18 C,H,Cl, +

ay, easily soluble; + -, difficulty soluble (but soluble above 35°C);

-, insoluble.

substitutions, an increase of the dielectric constant of the aprotic solvent

favors the reaction.

4. Tt is interesting to note that amination with DMTA in DOX is charac-
terized by a slight acceleration.
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FIG. 1. Huggins plots of solutions in methanol at 25°C: (1) P, polymer,
(2) P, polymer, (3) P, polymer, (4) P3 polymer,

The rate constant of the first reaction stage (k) was calculated from the
experimental data by Eq. (2). In order to compute the rate constant of the
second reaction stage (k,), the following relationship was used:

2.303 ( 1-a 11—?\/(1 ;
(a b)(t-T1) 51-8 ogl—?\/b)’ )

where 7 is the time (s) and X is the concentration (mol/L) of C1” ions at the
onset of the second stage.

Figure 7 shows that Arrhenius plots are linear, and this allows us to calcu-
late the activation energy E, and the frequency factor A by

log k =log A - E,/2.303RT, 4
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080

40 80 120 160 Time, min.
FIG. 2. Amination of chloromethylated polystyrene with N, N-dimethyl-
dodecylamine (DMDA) in DMF: (0) 40°C, (®) 50°C, (2) 60°C, (&) 70°C.

where R is the gas constant {1.97 cal/mol-K) and T is the absolute tempera-
ture. Table 3 gives the values of the rate constants, &, calculated by means of
Egs. (2) and (3), and the activation energies £, and the frequency factors 4
computed by means of Eq. (4), as well as the deceleration or acceleration ef-
fects (represented by k, /k, and k3/k,). The data in Table 3 show that the
reactivities of the three amines in DMF are approximatively the same.

The extent of deceleration decreases with decreasing temperature (the
k,/k, ratio increases). This can probably be explained by the conformational
transformations of the polymer backbone as the polymer-solvent interaction
changes with temperature. It is well known that the intrinsic viscosity of
polymer solutions can increase or decrease or even go through a maximum as
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FIG. 3. Amination of chloromethylated polystyrene with N, N-dimethyl-
tetradecylamine (DMTA) in DMF: (0) 40°C, (®) 50°C, (&) 60°C, (4) 70°C.

a function of temperature. Theoretically, all polymer-solvent systems have a
temperature at which the intrinsic viscosity is at a maximum.

Also, one observes that in DMF:DOX mixtures the extent of deceleration
decreases as the proportion of DOX is increased until, in pure DOX, there
are small accelerations at § =+ 0.16 and 0.45. This is unexpected because one
might assume that the reactions of CMPS with amines that contain a bulky
substituent (as in our cases) are decelerated due to the steric hindrance of
—CH; C] groups by the quaternized neighboring groups.
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FIG. 4. Amination of chloromethylated polystyrene with N,N-dimethyl-
hexadecylamine (DMHA) in DMF: (0) 40°C, (®) 50°C, (&) 60°C, (&) 70°C.

The kinetic behavior of the amination reaction of CMPS with DMOA in
DMSO was also investigated (Fig. 8). The same reaction in DMF was reported
in a previous paper [7]. The deceleration phenomenon takes place in both
DMSO and DMF.

For comparison, we show in Table 4 the kinetic behavior of reactions of
CMPS with tertiary amines studied in the present and previous papers. The
data in Table 4 show that the kinetics of the amination reactions of CMPS
depend on the nature of the amine and the nature of the solvent,

We consider that the significant factors which influence the kinetic aspect
of the reactions are: 1) the polymer-solvent interactions and 2) the steric



18:12 24 January 2011

Downl oaded At:

354 LUCA, AVRAM, AND PETRARIU

logli1-ec)/11-n)]

20 | 60 ' 100 ' %0 | 180 Time, min,
FIG. 5. Amination of chloromethylated polystyrene with N, N-dimethyl-

tetradecylamine (DMTA) in various solvents at 70°C. (X) DOX; (©) DMF:
DOX, (1:2, v/v); (#) DMAc; (Q) DMF:DOX (1:1, v/v); (w) DMF,

hindrances at small distances resulting from the neighboring substituent
groups.

We noted that the reaction mixture became opalescent in Runs 1-3, 5, 6,
15, 16, and 18. This is the first sign that the reaction medium is becoming
a nonso}vent for the polymers produced and that, therefore, the polymer-
solvent interaction changes. The above runs take place with acceleration
(Runs 1-3, 5, 6, and 16) or with deceleration (Runs 15 and 18). Also,
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FIG. 6. Amination of polystyrene chloromethylated with N,N-dimethy}-
hexadecylamine (DMHA) in various solvents at 70°C. (X) DMF:DOX (1:2,

v/v); (®) DMF:DOX (1:1, v/v); (w) DMF.

acceleration takes place in Runs 8 and 9 when the reaction mixture does not

become opalescent.

When the reactions between CMPS and triethylamine or N,N-diethyl-2-

hydroxyethylamine were carried out in DMF at high polymer concentration
(~10 wt%), the product ammonium quaternary compound separated from
the solution after the conversion reached ~33%, but no phase separation is

observed at a very low polymer concentration (~0.0500 mL/L).



18:12 24 January 2011

Downl oaded At:

356 LUCA, AVRAM, AND PETRARIU

20
-
=
:; 18
o
o
161
141 ky
] ky
ko
121 ke
)
- k2
101
1
08

029 030 031 032 033 1/Tx10%

FIG. 7 Arrhenius plots for amination chloromethylated polystyrene in
DMF: (=) DMDA, (0) DMTA, () DMHA.

These observations led us to assume that DMF, a solvent for CMPS, shifts
to nonsolvent for the quaternary ammonium compounds formed by reaction
of CMPS with triethylamine and N,N-diethyl-2-hydroxyethylamine.

Broadly speaking, acceleration took place when the amination reaction of
CMPS was carried out in a nonsolvent for formed quaternary ammonium com-
pound if there are no steric hindrances. In a solvent for the quaternary ammo-
nium polymer, there was normal kinetic behavior, or deceleration when there
was steric hindrance.

The “hydrophylic effect” can be seen by comparing the acceleration (k,/
k, ratio) of the reaction with triethylamine and with diethyl-2-hydroxyethyl-
amine [7]. Although the latter is bulkier, the acceleration is almost twice
that for the former. But this effect could come about because DMF is a strong-
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FIG. 8. Kinetic behavior of CMPS amination reaction with DMOA in
DMSO.

er nonsolvent for the ammonium quaternary polymer from diethyl-2-hydroxy-
ethylamine.

In conclusion, as also shown in previous papers, the conformational modifi-
cations of a polymer chain can take place during the formation of quaternary
ammonium polymers [7-9]. These modifications appear because the polymer-
solvent interactions change when a certain amount of quaternary ammonium
groups is on a backbone; hence, at a certain conversion 8. Conformational modi-
fications take place in the flexible polymers, such as CMPS [10]. We suppose
that conformational modifications are the major factors that influence the
kinetics of CMPS aminations.



viT 0t'1 Lyl 6C'1 Lol vLT vesoo 0£60°0 oL X0oda 4!
(a/a°z:1)
- 260 - £6°C SLT vL'T ¥€50°0 0¢60'0 0L XOd:dWdg 11
(A/a°1:1)
- 680 - 1483 se vLl ves00 0€60°0 0L XOa:dWd ol
- 0oL0 - +9'C SL'E BL vEs00 0£60°0 oL SVINA 6
- €Lo - 12° 83 6y PL1 y£50°0 0£60'0 oL ANd 8
- LLO - YTe [6C vL'1 Y€c0°0 0£60°0 09 JNd L
- €80 - 96'1 S€T YL ¥e€s00 0€60'0 0s ANd 9
- L8O - el eSSl PLY res00 0£60°0 oy ANd S
qV.LNQ Y uoneunry
- €Lo - L9V ro v9'l 0LS0°0 S€60°0 0L dNd 14
- SLO - [424 90°¢ V91 0L50°0 €600 09 ANA €
- 9L0 - 91°C 8T V91 0LS00 S€60°0 0s 215(¢) [4
- $8°0 - SL1 s0T v9'1 0L50°0 €600 oy ANd 1
eVAWA YA UonEUTUIY
€y/ty  fyfty  (s.jour)/Tw ‘fy (S.[ow)/Jur‘Cy (s.Jowr)/Tur‘ly g/v T/iow‘q flows D L JUSATOg  uny

aua141sA[0d pare[Ayjewolo[y) Jo uoneuty ‘¢ FI4V.L

1102 AJtenuer y2 2T :8T

1Y papeo jumog



[
H

‘L6°S = ¥ 30 ‘Towr/[edy 871 = 7 %y 103 igp'9 = ¥ Fof ‘Tour/[ed% $'¢[ = P7 ‘1y 10] :JWN( Ul UOURUIWE 10,
‘88 = 7 80T ‘Towr/[edy ['[1 = 27 ‘¥4 10J9["G = I 80T ‘Tow /(8o $" 11 = ?7 “'y 10] : JINQ UT UOTIBUTWE 10dq
"TS'¥ = ¥ 801 ‘Tow/[edy ¢°01 = 77 ‘T¥ 105 11§y = ¥ 807 ‘[ow/[edY ¢01 = 77 ‘¥ 104,

(a/aT:1)
€60 - 8¥'T 89°C L1 0L500  T6600  OL XOd:dWd  8I
(A/A°1:1)
060 - 60°€ V'€ vLT 0LSO0 T6600 0L XOM:AWA Ll
Lo - LE'E 89°¢ YLl 0LS00  T6600  OL dANa 91
LLO - S1'T 6LC vLT  0LSO0 76600 09 dNa ST
780 - 81 €7 ¥LT 0LSO0 76600  OS dNa I
$8°0 - SO'1 €T bLT 0LSO0 76600  OF dNa €1
SVHING YN Uoneurury

TT0Z AJenuer ¥Z ZT:8T I Papeo juwod



18:12 24 January 2011

Downl oaded At:

360

LUCA, AVRAM, AND PETRARIU

TABLE 4. Kinetic Behavior of Aminations of Chloromethylated Polystyrene
with Tertiary Amines

Run Amine Solvent Kinetic behavior
1 Dimethyl-2-hydroxyethyl DMF Acceleration
2 DOX Acceleration
3 DMF:DOX  Acceleration

mixtures

4 DMSO Normal second-order
5 Dimethyl-3-hydroxypropyl DMF Acceleration
6 DMAc Acceleration
7 DMSO Normal second-order
8 Diethyl-2-hydroxyethyl DMF Acceleration
9 Triethyl DMF Acceleration

10 Dimethyloctyl DMF Deceleration

11 DMSO Deceleration

12 Dimethyldodecyl DMF Deceleration

13 Dimethyltetradecyl DMF Deceleration

14 DMAc Deceleration

15 DMF:DOX  Deceleration

mixtures

16 DOX Acceleration

17 Dimethythexadecyl DMF Deceleration

18 DMF:DOX  Deceleration

mixtures
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CONCLUSIONS

In comparative kinetic studies of the reactions of CMPS with tertiary
amines, acceleration or deceleration phenomena, as well as normal second-
order kinetics, are observed.

We suppose that the major factor that influences the kinetics of
these reactions is the polymer-reaction medium interactions which change
during the course of the reaction. These changes determine the conforma-
tional modifications of the polymer backbone which are favorable or non-
favorable for the reaction rates. That the amination of CMPS with DMTA
(bulky amine) in DOX takes place with a small acceleration supports our
supposition.
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