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Conductometric Determination of Sulfhydryl Groups in
Swollen Polycaprolactam Fibers Having Disulfide and
Alkylene Sulfide Crosslinks
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A simple eonductemeiric titrstion method ia dizeussed for fhe determinrtion of
eulfhydryl groups in nonionie polymer networks, aueh ne disulfide and alkyiene eulfide

prosslinked potyraprolaetam fibers,

The diffugion of the tltrant Bnto the crosslioked polymer

ia gpeomplished "by awelling tha network etructure, thercby elimfpating the necesalky of
destroying the crosslinks aodfor breaking the polymer chadne.

1. Introduction

In current communications [1, 2, 3] ' & method is
discussed for producing macroscopic deformations
t((lﬂ.uch as mimPin%&nd milinﬁll in go]yca rolnotam,

bers by cresslinking. The disulfide and alkyleno
sulfide erossiinks used wera introduced into the ori-
ented, swollen, N-methylmethoxylated fibers (swell-
ing agent: methyl alc(sgﬂl} and consigsted primarily
of the following structures:
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In addition to the ahove crosslinks, verious amounts
of untcaected sulfhydryl or poiassium mercaptide
groupa having the following structure may also ba
present:

&—CH;—-SH (K)
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1 Prgutes o bragkotz indieste the Frarakie reforaneas af tho std of thiz paper.

A knowledge of the nrumber of sulfhydryl groups in
the crossiinked fibers 13 valuable hacause one can
then estiinmte the number of crosslinks from the
total sulfur content and the number of sulfhydryl

groups.
2. Discussion

There are numeronz methods for the determing-
tion of sulfbydryl proups in organic eompounds
[4, 5]. These includa visual titrimetrie [6], potentio-
metric [7], and amperometric [8] techniques, as well
85 oxidation methods [#, 10]. Similarly, varicu=
metheds exizt for the determination of disylfides-
and sulfides [4,5,11,12]. There are difficulties, how-
ever, when Loth sulfhydryl proups and dieulfide
groups (ot other sulfur-containing functional groups)
are present in the same molecula. In such a case,
in order to detertmine the munber of disulfide groups,
ohe must first remove or analyza the sul?h_vdryl
eropps (for sxemple, by potantiometrie titration
with Agt) ther quantitatively reduce the disulfides
to sulfhydiyls, followed by analysis of the resulting
sulthydryl groups. Apart from tha complexity o
this approach, a further difficulty arises if all excess
silver ions are not removed from the system aliar
the initial anslysis of sulftydry] groups; any excess
Apt will combine with thosa snﬁﬁ drvls that are
produced from the reduction of disulfides, thus
making an accurate analysis impoasible.

In the avstems diseuszed here the unmodified
polyamidea sre essentially nonionie, and the sulfhy-
dryle and crosslinks were introdueed into the
swollen N-methylmethoxylated fibers in the pres-
anca of methyl aleohol as swelling agent. It should
ba possible then to reach the %ree sulfhydry] {or
potassium morcaptide) groups with a specific reagent,
provided that the system s in the swollen state,
Thuz, eonductomettic titvation methods with Ap*
offer a proming approach. Diffusion of the
titrant into the crosslinked polymer is accomplished
by awelling the network structure, therehy elimi-
nating the necessity of destroving the erosslinks or
bresking the polymer chnins. Conductomatric
techniques are not ordinatily used in sulfhydryl
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analyses partly because of the interfering effect of
elacirolytes thai de noi take part in the analytical
reaction. However, in the present work, the
unmodified polymer iz nonionic and becausa it is
not diﬂﬂl‘.}l?[&é] . 1t should net contribute significantly
to the total condocianee of the solution. Conse-
quently the titration of the sulfhydryl proups with
Apt ghould be free of disturbaness provided that the
ewelling agent is also a suitable medium for the
conductance of silver ions.

To ascertain the applicability of auch a procedure
the effect of increased swelling periods on the
diffusion of the titrant into the pelymer mast be
asseszed, and evidencs must be cﬂ:t-ainud thet the
chsetved end-peints are truly indicative of sulfhy-
dryl gronps, The first parameter can be checked
by carrying out titrations on the system after it
has been swollen for different periodsz in a swelling
agent; the sacond parameter can ba ascertained by
analyzing the titratad esmples for silver. One

uivalent of silver corresponds to one equivalent
of mereaptide (or sulfhydryl) groups, according to
the reaction:

I!T—'E!Hg—SE'. RlNT—'DHy—S—ﬁg )]

) tag> | FK*

The following experimental procedure was thus
adopted.

3. Experimental Details

Samples of crosslinked polyeaprolactam fibers
were cub to lenptha of approximately 1 to 2 mm and
swollen in 100 ml of methyl aleohol for periods of 15
min, 2 hr, and 4 hr, respectivaly, in 250 ml beakers.
Such small, eut filaments are subject to b relatively
rapid, rate of ewelling as has alreadﬁ been shown
[13,14]. The suspended and swollen filaments were
ati with & magnetic stirrer. The titrant, s
solation of 0.0014 ApNO, in methanol-distilled
water (99:1 by volume), was added in approximately
0.1 m] amgunts at 2-min intervale to allow diffusion
into the fiber. A Serfass conductometiric bridge
snd platinum electrodes (4 em? 1 in. apart) were
used, and the titrations were carried out at room
temperature. The use of other swelling spents,
such as benzyl aleohol, m-cresel, or mixtures of these
gave ppoT LitraFon curves due probably to insufficient
conductance of Ag* in these medis, Figure 1, curve
A shows o typical conductometeric titration ¢urve
for tha uncroselinked (control) sample after 2 hr of
swelling. Curve B is a typical plot for tha cross-
Linked %bers that contain both disulfide snd alkylene
eulfide crosslinks, after 2 hr of swelling. Similar
plota were alse obtalned for fibers that had been
swollen for 4 hr in methanol. No satisfactory end-
points were obtained for those ecrosslinked samples
that had besn swollen for only 15 min.
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Fraure 1. z}'p{mi corduciomelrie (¥ralton eurves for an
uncrosltinked polpeoproloctam fiber {curve A), ond a exlf-
?ydryiﬁ]mh:'nmg disnlfide erosalinked pofyeaprolostam fiker
eurre B).

After the titrations were completed (earried
gufficiently past the end-}mint}, the swollen polymer
samples were immadiately filtered with suetion on
medim-poresity sin glasa filters, thoroughly
wazhed with ethanol, and dried. Care was axercised
to avoid prolonged standing of the samples in light,
08 the excesa eilver ionz present in the sohrtion from
additiona past the end-point conld be reduced to
free silver thus becoming part of the samples after
filtration. Each titrated sample was then analyzed
for silver. Table 1 gives the equivalents of aulf-
hydryl groups per 10° ¢ of polymer calculated from
tha trtration curves and silver analyses, respectively.

Tance 1. Equivalents of anifhydryt groups per 108 g of palymer
colentaled from conductomelre firations and sifver analyaes
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Thera iz good agreement between the equivalenta
of sulfhydry]l groups obtained from titration curves
and from corresponding silver abalyses. The fact
that the number of equivalents of zulfliydryls did
not show significani chanpes for the samples that
had been swollen for 2 and 4 hrs, respectively,
indicates that the polymer network was sufficiently
swallen after only 2 hrs for the diffusion of silver
ions and for their subsequent reaction with the
aulfyydryt proups. Cross sections of the titrated
fiberz indicated that the penetration of the Agt
was not restricted to tha surface of the fiher, inas-
much as greying of the entire section was observed,
instead of a so-called surface “ring." Furthermore,
if any untitrated sulfhydry]l groups remained in the
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palymer, zome of these would have reacted with the
expess silver iona present in the solution from addi-
tions past the end point. In this case the silver
analyses would have been higher in contrast to the
results in table 1.

It can be concluded, therefore, that it is feasible
to determine sulfhydryl groups in a swollen disulfide
or alkylene sulfide crossiinked Nl::-t)lyamide by con-
ductrometrie titration with AgN0O;. The acouracy
of the method compares favorably with wsual
end-group sanalyses in polymers, and suggests ils
poseible wider applicability.

The suthors thank R, A. Pauylzon, Applied
Analytical Research Section, National Bureau of
Btandards, for ihe silver analyses.

4. Relerences

{1] 8. D. Bruck, J. Research NBS #84 (Phys, and Chem,),
No. o, 430 (Nov.—Den, 1861).

[2] Btructural modification of synthetic fibers, WB3 Tech.
Ivewa Bull. 48, 152 (1561); Crosa-linke erimp and eail
nylon-6 fiber, Chem. Engr. Wews pp. 50-81 {Oet. 23,
1861;.

[3] 5. . Bruck, 4. Begearch NEBS MA (Phys. and Cham.),

(4] 8. el Nogare: rgania Aesiysie, Vol 1, p. 326 (T

4] 8 I re, {rgania yais, Vol I, p. nter-
apience %fhlfshers, Ino., New Y:::k, 1953]§.

[5] 2. Siggia, %}mntitaﬂuc Grgaﬂ.nic Anslysiz Vie Funetional
Gmu;ﬁ ohn Wiley & Sona, Ine., New York, 1949).

[8] W. M. Malleoff snd €. E. Anding, Jr., Ind. Eng. Chers.
Anal. Bd. 7, 86 (1035).

[7]1 E. B. H. Davieg and J, W. Acenstrong, J. Inat. Petrolaum
RO, 323 (1943).

[8] I. M. Kolthoff and W. E. Harris, Ind. Eng. Chem. Anal.
Ed. 18, 161 (16944).

9] J. K. Sampey and E. E. Reid, J. Am. Chem. Soo. 3,
3404 {(1932).

[10] I. M. Eotthoff aod W. SBtricks, Ansl. Chem. 3, 783

1951,

[i1] I. &I. Igulthnff D, R. May, F. Morgao, H. A. Leitinen,
and A. 8. ﬂ’Brian, Ind. Eng. Chem. Annl. Ed. 18,
442 (1948).

[12] R. L, Hubbard, W. E. Haines, and J. & Ball, Ansl.
Chem. 3, 91 (1858).

[13] & D. Bruck, J. Polymer Bel. 58, 8 29 (1961).

[14] 8. D, Bruck, J. Research NBS 884 (Phys, and Chem,)
Mo, 8, 4858 (Nov.—-Dec, 1961).

(Paper 86A2-1511%

187




