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The N,N-dimethyldithiocarbamide (RS—) end groups of polystyrene are
transformable to other functional groups by hydrolysis in acidic or alkaline
media. The structure of the hydrolyzed end groups depends both on the kind of
catalysis and type of the end carbon atom of the polystyrene chain, on which
the functional group is bonded. The RS— group bonded to the secondary end
carbon atom (—CH,—) of polystyrene was chemically transformed into —SH
group during alkaline hydrolysis, while as a result of acid hydrolysis, the
formation of —S—C(S)—OH end groups was observed. The common feature
of acid- and alkaline-catalyzed hydrolysis is quantitative splitting off of the
RS— groups bonded to the tertiary end carbon atom of polystyrene.

Konuessie N,N-gumerungutnokapbamunisie (RS—) rpynnsl nonuctupo-
J1a MOXHO NepeBecTH B Apyrue OyHKLUMOHAIbHBIE TPYIBI C TOMOLLBIO THAPO-
nM3a B KMCJIOM MM OCHOBHOM cpeiax. CTpoeHHe r’HIpOIM30BaHHBIX KOHLEBBIX
rpynn 3aBUCHT KaK OT THMAa KaTanu3a, TaK M OT THMA KOHLEBOrO aToMa
yrJlepofa MOJUCTHPONBLHON LN, HAa KOTOPBIH HaBsi3aHa (yHKLHMOHANbHas
rpynna. RS— rpynna, cBsi3aHHas CO BTOPUYHBIM KOHLEBBIM YTIE€pPORHLIM
atomom (—CH,—) nonuctupona, 6buia xumudeckd mnpespaiieHa B —SH
rpynny B YCIOBMAX OCHOBHOTO THApPOJM3a, B TO BpeMf KaK B pe3yJbTaTe
KHCIIOro ruApenn3a HaGnioganocs 0Opa3oBaHMe KOHLEBBIX rpynn —S—
—C(S)—OH. O6ueit 4epTOii rUAPOIM3a C KUCIBIM MM OCHOBHBIM KaTaJIU30M
SIBIAETCS KOJIMYECTBEHHOE OTLIenIeHne RS— rpynmn, cBA3aHHBIX C TpeTHYHBIM
KOHLIEBBIM YIJIEpONHBIM aTOMOM MOJHUCTHPOJIA.

One possibility to prepare polymers with a changed structure of the end group is
the subsequent chemical transformation [1—4] of the original end groups. In paper
'[4] the transformation of cyanogen end groups of polystyrene into amino group by
'hydrogenation and into carboxyl group by hydrolysis was discussed. Styrene
oligomers with thiol and hydroxyl end groups were prepared by hydrolysis of the
'xanthate end groups.

Styrene oligomers [5, 6] prepared by polymerization in the presence of tetra-
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methylthiuram disulfide (TMTD) have on the macromolecule ends RS— groups,
with the chemical structure of ester amides of dithiocarboxylic acids. These groups
can be bonded to the secondary (—CH,—) or tertiary (—CH) carbon end atom of
the polystyrene chain. The reaction mechanism of the hydrolysis of RS— end
groups can be derived from the low-molecular models of hydrolysis of carboxylic
acid esters or acid amides. The reaction mechanism depends also on the kind of the
bonding of end groups on polystyrene chain. Using the common knowledge of the
mechanism of hydrolysis of esters and amides of carboxylic acids [7, 8] it is possible
to assume three kinds of bond splitting :
1. sulfur—polymer chain (reaction mechanism (1)) (Scheme 1);
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2. thiocarbonyl—sulfur (reaction mechanism (2)) (Scheme 2);
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3. thiocarbonyl—nitrogen (reaction mechanism (3)) (Scheme 3).
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According to the literature [8] the bond sulfur—polymer chain can split only in
the case, if the RS— group is bonded to the tertiary end carbon atom ——¢H of the
polystyrene chain, on which a carbon ion is easily formed.

Experimental

The model polystyrene sample with the RS— end groups was prepared by block
polymerization of styrene at 60 °C and at a concentration ¢ (TMTD in styrene) =75 g dm™>.
The experimental procedure of the preparation is described in paper [S] or [6]. The average
relative number molecular mass of the model polystyrene sample was M, ,=4460 and the
sulfur content w(S)=2.45 %.

The polystyrene samples with RS— end groups were hydrolyzed in a homogeneous
alkaline medium in a stainless steel autoclave, in nitrogen or air atmosphere at various
temperatures (130—170 °C) in dependence on the time of hydrolysis. Into the 50 cm®
autoclave 0.3 g of polystyrene, 28 cm® of benzene, and 12 cm® of 0.1 M-methanolic NaOH
solution were added. After the hydrolysis acetic acid in equivalent amount to the used
NaOH was added and the sample was heated under reflux for 30 min. Then the polystyrene
sample was precipitated by pouring it into 250 cm® of CH,OH. Finally the sample was
purified by twofold precipitation from a 20 cm® benzene solution into 250 cm®* CH,OH
solution.

The samples were hydrolyzed in a homogeneous acidic medium in glass ampoules in
nitrogen atmosphere at various temperatures (120—150 °C) depending on the hydrolysis
duration. Into the ampoules 0.5 g of polystyrene, 42 cm’® of dichlorobenzene, and 18 cm’® of
0.125 M-HCI solution in benzyl alcohol were added. After hydrolysis the polystyrene
samples were precipitated in CH;OH and purified by twofold precipitation as it was done in
the case of the alkaline hydrolysis.
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The hydrolyzed samples were characterized by UV spectra measuring the absorbance in
dependence on the wavelength by means of the device Specord UV VIS. For measuring of
polystyrene samples in cyclohexane the concentration ¢ =3 g dm™ was used.

The sulfur content in the samples was determined by the modified Schoniger method.

The average relative number molecular mass M., was determined by vapour pressure
osmometry by means of the Knauer device.

Results and discussion

The RS— groups bonded to the polystyrene chain can be transformed by
hydrolysis to other functional groups in consequence of splitting the single chemical
bonds present in their structure. From the viewpoint of their structure, as
mentioned in the general part, it is possible in the case of RS— groups to consider
three possibilities.

The main purpose of the experimental work was to prove, which of the reaction
mechanisms at the given reaction conditions of alkaline or acid hydrolysis is of use.

The hydrolyzed polystyrene samples were characterized by the average relative
number molecular mass, total sulfur content and UV spectra as well.

A model polystyrene sample with a higher sulfur content (see Experimental) was
synthesized to make possible the study of the kinetics of the alkaline or acid
hydrolysis.

It has been shown that UV spectroscopy is a fast and convenient method to study
the kinetics of the hydrolysis of RS— groups bonded to the polystyrene chain. The
UV spectra with prolongation of the reaction time of hydrolysis illustrate the
changes of the absorption bands with the successive chemical transformation of the
bonded RS— end groups. By mutual comparison of the UV spectra of the original
polystyrene sample with the spectra of the hydrolyzed polystyrene samples
a marked decrease of the absorption bands in the whole region from 250 nm to
350 nm can be seen. The most significant decrease of the absorption bands is
observed at wavelengths from 269 nm to 281 nm.

The absorption band with the peak at 281 nm is the most suitable for the study of
the hydrolysis course of the RS— groups. It has been shown that the decrease of
the absorbance values at 281 nm is proportional to the concentration decrease of
the-C=S groups and hence also to the concentration of the hydrolyzed RS—
groups. After the total hydrolysis of the RS— groups in alkaline medium the value
of the absorbance reaches at A=281nm the value of the absorbance of
a polystyrene sample with unbonded groups. The —CH,—S— groups, present
after the hydrolysis, in which the sulfur atom is bonded by a single bond do not
influence the value of absorbance at the 281 nm wavelength.
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Alkaline hydrolysis
The dependences of the absorbances measured at 281 nm wavelength on the
reaction time of the alkaline hydrolysis are in Fig. 1. These dependences very well
characterize the kinetics of the chemical transformation of the RS— end groups
during their hydrolysis. It is evident that with increasing hydrolysis temperature the
decrease of the absorbance is accelerated and the reaction time, which is necessary
to reach the minimum of the absorbance. is shortened.
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Fig. 1. Dependence of the absorbance at
281 nm wavelength of the model polystyrene 130 °C
sample hydrolyzed in alkaline medium in nitro- 0.0 1 1
gen atmosphere on the time of hydrolysis. ° 2 6 8 t/n

After reaching the minimum values of absorbance, i.e. after the total alkaline
hydrolysis of the RS— end groups in nitrogen atmosphere, the sulfur content in the
model polystyrene sample decreases from 2.45 % to 0.72 % and the average
relative number molecular mass M, , from the original value of 4460 to 4300. With
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the prolongation of hydrolysis time, after reaching the equilibrium, the total sulfur
content does not change any more. The average relative number molecular mass
M., , of the polystyrene sample is changed by alkaline hydrolysis only in the range of
the experimental error of determination of the molecular mass values. These facts
indicate that after the total alkaline hydrolysis on one macromolecule of the
polystyrene chain there will not remain more than one sulfur atom. )
From the before mentioned it follows that during the alkaline hydrolysis of the
RS— end groups also such a reaction mechanism must be of use, which leads to
their quantitative splitting off. According to the facts mentioned in the general part
such a mechanism can be used only in the case if the RS— groups are bonded to the
tertiary end carbon atom —¢H of the polystyrene chain, where a carbon ion can be
formed (see reaction mechanism (1)). Since the RS— groups are bonded to the
polystyrene chain not only during the initiation, but also during the chain transfer
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reaction, there is always a part of these groups bonded to the tertiary end carbon
atom of the polystyrene chain. The carbon ion can be stabilized by splitting off the
hydrogen cation, whereby the double bond on the end of the polystyrene chain is
formed, or by its hydration, which in excess of water occurs immediately (see
reaction mechanism (1)).

The RS— groups bonded to the secondary end carbon atom —CH,— of the
polystyrene chain are in alkaline medium chemically transformed by a mechanism,
which leads by splitting of the bond thiocarbonyl—sulfur to the formation of the
—SH group (see reaction mechanism (2)).

The acknowledgement of the fact that the alkaline hydrolysis takes place
according to mechanism (2), which leads to the formation of polystyrene oligomer
with one —SH group bonded to the end of the polystyrene chain are also the results
of alkaline hydrolysis obtained in the presence of oxygen. In samples hydrolyzed in
this way there occurs an instant quantitative oxidation of the mercapto groups and
a joining of the macromolecules through the disulfidic bonds [9], which was
manifested by doubling the polystyrene macromolecules after hydrolysis (Table 1).

The mechanism of joining the polystyrene macromolecules by the oxidation of
—SH groups is as follows [9]

2R—SH+1/20, - R—S—S—R+H,0 (4)

Table 1

Characteristics of parallelly prepared polystyrene samples hydrolyzed for 6 h in alkaline medium
at 150 °C in the presence of oxygen

Sample* M., w(S)/% M., w'(S)/ % k
PS 70/40 a 5500 1.90 10 800 0.57 1.92
PS 70/40 b 5800 1.94 11200 0.64 2.24
PS 70/40 ¢ 5700 1.94 11100 0.59 2.04
PS 70/40 d 5600 1.85 11 000 0.51 1.75
PS 70/40 e 6100 1.79 11900 0.57 2.12

* The number of the polystyrene sample denotes the polymerization temperatures in °C/o (TMTD in
styrene) (in g dm™3).

M., — the average relative number molecular mass of polystyrene samples after hydrolysis.
w'(8) — sulfur content in polystyrene sample after hydrolysis. _
k — the number of sulfur atoms for one polystyrene macromolecule after hydrolysis calculated
from the relation
k= w'(S)- M.,
100 x 32.066
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Similarly also Otsu [1] assumes that during the hydrolysis of polystyrene with
—S—C(0O)—C¢Hs end groups there are formed polystyrenes with —SH groups,
which are in the presence of O, oxidized, whereby the joining of the macromole-
cules through the disulfidic bonds takes place.

Acid hydrolysis

The same model polystyrene sample as for the study of the alkaline hydrolysis of
polystyrene RS— end groups was used. The course and the degree of acid
hydrolysis was again evaluated from the changes of the absorbance of UV spectra
at 281 nm wavelength.

It is evident from Fig. 2 that the dependences of the absorbance on the reaction
time are stabilized at higher levels of absorbances in comparison with dependences
of polystyrene samples hydrolyzed in alkaline medium (Fig. 1).

Table 2

Characteristics of polystyrene samples hydrolyzed for 6 h in acidic medium at 130 °C in nitrogen

atmosphere

Sample M.. w(S)/% M., w'(S)/% k

PS 80/110 3080 3.54 2670 2.36 1.97
PS 70/90 3330 3.12 2980 2.18 2.03
PS 60/75 4110 2.45 3710 1.70 1.97
PS 60/50 5810 1.86 5400 1.19 2.00
PS 60/35 8810 1.29 8420 0.76 2.00
PS 60/20 12340 1.01 11720 0.58 2.10

The notes are stated in Table 1.

The course of the absorbance dependences on the time of the acid hydrolysis is
changed with hydrolysis temperature. At 120 °C and 130 °C the decrease of the
absorbance is stabilized at a relatively high value (Fig. 2), which is connected with
the remaining of a great deal of the —C=S groups bonded to the end of the
polystyrene chain. As it can be seen from the dependences in Fig. 2 the reaction
mechanism of acid hydrolysis is up to 130 °C unchanged. At higher temperatures,
i.e. at 140 °C and 150 °C, after reaching equilibrium, such reactions begin to play
their role, which cause the splitting off of the —C=S groups.

During hydrolysis in acidic medium up to 130 °C the absorbance is stabilized
after a 39.5 % decrease of its original value. In paper [5] it was shown that the
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average functionality of the RS— end groups is f,= 1.66, this value denoting the
average number of RS— groups bonded to one macromolecule of the polystyrene
chain. It was proved by the alkaline hydrolysis that on each secondary end carbon
atom —CH,— of the polystyrene chain one RS— group is bonded. Then there
must be on an average 39.8 % of RS— groups bonded to the tertiary end carbon
atoms of the polystyrene chains. The calculated 39.8 % portion of the RS— groups
bonded to the tertiary end carbon atom of the polystyrene chain is in good
agreement with the observed decrease of the absorbance of polystyrene samples
hydrolyzed in acidic medium up to 130 °C.

From the above mentioned it is evident that also in the acidic medium there will
occur the total splitting-off of the RS— groups bonded to the tertiary end carbon
atoms of the polystyrene chain. Thus during the acid hydrolysis as well as during
the alkaline one the splitting of the bond sulfur—polystyrene chain will occur
according to reaction mechanism (1).

From the dependences in Fig. 2 it is further evident that the acid hydrolysis of the
RS— groups bonded to the secondary end carbon atoms of the polystyrene chains
will take place in such a manner that after hydrolysis, the structure of the (=S
groups will remain. The latter can remain only in accordance with mechanism (3),
that means in the case of splitting the bond thiocarbonyl—nitrogen. The formation
of the quaternary ammonium salt in acidic medium obviously supports the splitting
of the thiocarbonyl—nitrogen bond in the RS— groups bonded to the secondary
end carbon atoms of the polystyrene chains. The course of the acid hydrolysis
according to mechanism (3) was also proved by the determination of nitrogen,
which decreased in polystyrene samples hydrolyzed in acidic medium (Table 2) to
equilibrium down to zero values.

The functional groups of the type —S—C(S)—OH formed during the acid
hydrolysis of the RS— groups bonded to the secondary end carbon atoms of the
polystyrene chains are at higher temperatures of the hydrolysis unstable and
undergo a secondary chemical transformation according to the reaction mechanism
(3). It is obvious that the splitting of the thiocarbonyl—sulfur bond according to
the reaction mechanism (2) is beginning to take place. This is shown by a decrease
of the absorbance values, which are measured at 281 nm wavelength (Fig. 2).

The mechanisms of the chemical transformations of the polystyrene RS— end
groups were proved also by the experimental results of the acid hydrolysis of
polystyrene samples which differed in the average molecular mass and sulfur
content. The polystyrene samples were hydrolyzed, according to the procedure
mentioned in Experimental, in a homogeneous acidic medium at 130 °C for 6 h.
The experimental results are summarized in Table 2. These have proved the
validity of the considered reaction mechanisms of the chemical transformations of
the RS— end groups bonded to the polystyrene chains during the acid-catalyzed
hydrolysis.
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The preparation of polystyrene oligomers with bonded reactive sulfur functional
end groups of the type —SH, or —S—C(S)—OH was patented [10].
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