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ABSTRACT: A novel cyclic-amine monomer, 3-allyl-5,5-dimethylhydantoin (ADMH) was
synthesized with good yield by the reaction of allyl bromide with 5,5-dimethylhydantoin
(DMH), and was characterized by FTIR and 1H-NMR spectra. ADMH alone cannot be
grafted onto other polymers. However, the presence of acrylonitrile markedly enhanced
the ADMH graft yield onto cotton cellulose. The influence of reaction conditions on the
graft copolymerization was investigated. After chlorine bleach treatment, hydantoin
units in the grafted copolymers were easily transformed into N-halamine structures.
Grafted samples exhibited potent antibacterial activity against Escherichia coli, and
the functional properties were shown to be durable and regenerable. © 2001 John Wiley
& Sons, Inc. J Appl Polym Sci 81: 617–624, 2001
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INTRODUCTION

Contamination of textile materials by micro-or-
ganisms such as pathogenic bacteria, odor-gener-
ating bacteria, molds, fungi, and virus is of great
concern in medical, institutional, and apparel
products in recent years. Survival of micro-organ-
isms on textile materials and transfer of these
micro-organisms between patients and health
care workers (HCWs) has been demonstrated,
and it has been accepted that hospital gowns,
patient drapes, carpeting and bedding materials,
etc., can be important elements in crosstransmis-
sion of diseases.1–4 Medical gowns and uniforms

used currently provide barriers for HCWs, but
have proven to be ineffective in studies by numer-
ous researchers.5–9 The occurrence of contami-
nated cleaning cloths in domestic applications has
also been investigated. Results from different
studies indicated that more than half of the in-
vestigated dishcloths and cleaning cloths were
contaminated by one or more of the following
organisms: Escherichia coli, Staphylococcus au-
reus, Streptococcus faecalis, and Clostridium per-
fringens.10–12 Further studies showed that wiping
hard surfaces with contaminated cloths could re-
sult in crosscontamination of hands, equipment,
and other surfaces.13

These findings suggest that biocidal proper-
ties should be a necessary feature of medical
and related healthcare and hygienic-use tex-
tiles. Antimicrobial textiles and polymeric bio-
cides have been reviewed by several researchers
recently.14 –16 Among the currently investigated
biocidal materials, N-halamines have shown al-
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most instant and total kill to a wide range of
micro-organisms without causing environmen-
tal concerns. There are several advantages as-
sociated with those N-halamine structures, in-
cluding the properties that they are stable un-
der a broad range of temperatures, and are
regenerable by chlorine bleaching after loss of
activity from extensive uses.17–19 Recently, N-
halamine structures were incorporated into cel-
lulose-containing fabrics by a conventional pad-
dry-cure method in the presence of formalde-
hyde.20 –22 The results indicated that as little as
1% (wt) add-on of halamine structures provided
the materials with powerful biocidal properties
(6 –7 log reduction) against most common
pathogens, after a contact time of 2 min. The
biocidal properties of the treated samples were
both durable and regenerable.

In the first article, we have reported synthesis
and characterization of hydantoin-containing vi-
nyl monomers.23 It was found that, due to the
allylic structure of the monomers, they were dif-
ficult to form homopolymers. However, these
monomers could be readily copolymerized with
most acrylic, substituted acrylic, and vinyl mono-
mers. All the copolymers showed biocidal efficacy
after exposure to chlorine, and their antibacterial
properties were durable and regenerable. In this
study, a hydantoin-containing monomer, 3-allyl-
5,5-dimethylhydantoin (ADMH) was grafted onto
cotton cellulose in the presence of acrylonitrile
(AN), and the antibacterial properties of the
grafted fabrics against Escherichia coli were in-
vestigated.

EXPERIMENTAL

Materials

Bleached, desized cotton print cloth #400
(Testfabrics Inc.) was used throughout the study.
5,5-Dimethylhydantoin (DMH, Aldrich), ammo-
nium cerium (IV) nitrate (Acros, ACN), and allyl
bromide (Acros) were used without further puri-
fication. Acrylonitrile (AN) (Acros) was distilled
twice before use.

Instruments

FTIR spectra were taken on a Nicolet Magana
IR-560 spectrometer using KBr pellets. The sam-
ples were made thin enough to ensure that the

Beer-Lambert law was obeyed. 1H-NMR spectra
were recorded on a GE NMR QD-300 spectrome-
ter. DSC measurements of the samples were per-
formed with a Shimadzu DSC-50 instrument at a
heating rate of 20°C/min under a nitrogen atmo-
sphere.

Synthesis of ADMH

A solution of 6.4 g (0.05 mol) of DMH in 25 mL
H2O containing 2.8 g (0.05 mol) of KOH was com-
bined with a solution of 4.4 mL (0.05 mol) allyl
bromide in 10 mL of methanol. The solution was
stirred at 60°C for 2 h, cooled, and dried under
reduced pressure at room temperature. The solid
was recrystallized from petroleum ether, yielding,
7.7 g (92%); m.p., 74–75°C. 1H-NMR (DMSO-d6,
d): 1.29(6H, s, CH3), 3.94(2H, d, NOCH2), 4.99–
5.12(1H, m, ACH), 5.73–5.86(2H, m, ACH2),
8.33(1H, s, NH).

Graft Copolymerization

About 1 g of cotton were immersed in 30 mL of
distilled water containing a known amount of am-
monium cerium (IV) nitrate (ACN). The initiator
was allowed to interact with cotton for 30 min,
and the ADMH/AN mixture of known composition
was added to the solution. The solution was
stirred for a certain period of time at a known
temperature. After the graft copolymerization,
the cotton sample was removed from the mixture
and extracted three times with 100 mL of hot
DMF at 60°C for 2 h to remove any ungrafted
polymers. The cotton sample was then washed
with excess distilled water, dried at 60°C for 24 h,
and then stored in a desiccator for 72 h to reach
constant weight.

Measurements

Percentage graft was calculated from the follow-
ing equation:

% Grafting 5 ~W2 2 W1!/W1 3 100 (1)

where W1 and W2 are the weights of the original
and the grafted cotton, respectively.

ADMH content in the grafted samples was cal-
culated according to eq. (2):

CADMH 5 6.0 3 1023 3 ~W2 2 W1! 3 fADMH/W1 (2)
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where CADMH is the mol content of the ADMH
unit in the grafted cotton, 6.0 3 1023 is the recip-
rocal of the molecular weight of the ADMH unit in
the grafted copolymers, and fADMH is the weight
fraction of ADMH unit in the grafted copolymers
(see text below).

Antibacterial Assessment

To transform hydantoin groups into N-halamine
structures, the grafted cotton samples were
bleached according to a method previously re-
ported.21 Antibacterial properties of the bleached
samples were evaluated against Escherichia coli
according to the American Association of Textile
Chemists and Colorists (AATCC) Test Method
100. Durability and regeneration of the biocidal
properties were tested with laundering following
AATCC Test Method 124. AATCC standard ref-
erence detergent WOB (anionic) was used in all
laundering tests.

RESULTS AND DISCUSSION

Determination of fADMH

ADMH was copolymerized in a previous study23

with several acrylic, substituted acrylic, and vinyl
monomers. Grafting ADMH alone onto cotton
proved to be difficult, and this must be attributed
to the “autoinhibition” of the allylic structure of
the monomer, i.e., like other allylic monomers,
once formed, the allylic radical is very stable. In
addition, degradative chain transfer competes ex-
ceptionally well with normal propagation, and the
polymer chains are terminated by transfer after
the addition of only a very few monomer
units.24,25 However, separate studies showed that
ADMH could be readily grafted onto other poly-
mers in the presence of most mono- or polyfunc-
tional acrylic and vinyl monomers.

Figure 1 shows the FTIR spectra of pure cotton
and an ADMH/AN grafted cotton. In the grafted
sample, the 2243 cm21 band is attributed to
n(CN),26 and the 1707 and 1770 cm21 bands can
be assigned to the imide and amide structures in
hydantoin rings, respectively,27 in agreement
with the previous article.23 This confirms that
ADMH/AN mixtures can be grafted onto cotton
cellulose. The fractional weight of ADMH in the
grafted copolymer can be calculated from the cor-
responding FTIR spectra using a method reported

previously.23 In the FTIR spectra of ADMH/poly-
acrylonitrile (PAN) physical blends, as ADMH
content increased, the 1770 cm21 band became
intensified, while the 2243 cm21 band weakened.
In the plot of A1770/A2243 vs. WADMH/WAN (A1770
and A2243 represented the areas of the 1770, 2243
cm21 bands, and WADMH and WAN, the weights of
ADMH and PAN in the physical blends, respec-
tively), a linear relationship was obtained and the
slope was determined to be 0.74. Consequently,
fADMH, the weight content of the ADMH units in
the grafted copolymers, could be calculated from
eq. (3),

fADMH50.743A1770/~0.74 3 A1770 1 A2243! (3)

It should be mentioned that because the graft
copolymerization process is complicated, the graft
copolymer cannot be accurately defined. Thus, the
value of fADMH is only an average. Nevertheless,
this parameter works well in understanding the
influence of reaction conditions on ADMH con-
tent, and in determining the antibacterial prop-
erties of the grafted samples, as can be seen in the
next section.

Effect of Initiator Concentration

The effect of varying the concentration of ammo-
nium cerium (IV) nitrate on the percentage graft
yield and CADMH is presented in Figure 2. It can
clearly be seen that percentage graft and CADMH

Figure 1 FTIR spectra of cotton and a ADMH/AN
grafted cotton (graft % 5 15.7, CADMH 5 0.043 mol/g).
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increase and then decrease around an optimum
value of 0.06 mol/L. As the concentration of the
initiator increases, a large number of cotton mac-
roradicals can be formed, thus increasing the
graft yield and CADMH. However, when the con-
centration of the initiator is higher than 0.06
mol/L, further increase in initiator concentration
brings in the following effects: (1) abundant free
radicals, particularly acrylic homopolymers
and/or AN/ADMH copolymer macroradicals could
be formed in the solution, which might terminate
the growing chains; (2) free radicals formed on the
main chain of cotton cellulose could be oxidized,
and thus terminate the reactive sites; and (3) the
graft copolymerizations and homopolymeriza-
tions of acrylonitrile, and copolymerizations of
ADMH/AN are in a status of competing with each
other in the system, depending on the direct at-
tack of free radicals to cotton or to monomers. The
net result is that, a higher concentration of initi-
ator results in the production of more free radi-
cals, and thus more homopolymer/copolymer mac-
roradicals, therefore, reducing the graft yield, as
well as the ADMH unit content in the grafted
samples.

It is worth noting that in the present study, the
optimum initiator concentration is several times
higher than that reported by other authors in
other ACN-initiated grafting polymerizations of
acrylic monomers onto celluloses.28–30 We believe
that this finding is most likely due to the “auto-
inhibition” of the allylic radicals resulting from
ADMH,23 i.e., some of the initiators are actually
consumed by ADMH without forming polymers;

this interpretation is in accord with published
results in other similar systems involving copoly-
merizations of allylic monomers.24,25

Effect of ADMH Content in the Monomer Mixtures

The graft copolymerization of ADMH/AN mono-
mer mixtures onto cotton was investigated by
varying the ADMH molar fractions in the mix-
tures. The data show that with increases in the
ADMH content in the monomer mixtures, graft
yield decreases. Grafting acrylonitrile alone onto
cotton results in a graft yield of 63.8 wt %; how-
ever, keeping other conditions constant, when the
molar ratio of ADMH in the mixtures is 50%, the
graft yield is only 3.2 wt % (see Fig. 3). Separate
studies showed that when the molar content of
ADMH was higher than 50%, the monomer mix-
tures acted as pure ADMH, i.e., extended periods
of grafting (12 h) resulted in a graft yield of less
than 1 wt %. These findings indicate that the
presence of ADMH reduces the graft yield of ac-
rylonitrile component, which can also be ex-
plained by the “autoinhibition” effect of the allylic
structure in ADMH. However, Acrylonitrile en-
hances the ADMH graft yield to a considerable
extent, showing positive synergism.

The ADMH molar content in the monomer mix-
tures influences the value of CADMH in a quite
different manner. This value increases with the
increase of ADMH molar content up to 20% and
then decreases with further increases in the
ADMH content, as shown in Figure 3. This “in-
crease–decrease” trend must be the consequence

Figure 3 Effect of ADMH mol fraction in the mono-
mer mixtures on: Œ, grafting yield, and ■, CADMH (total
monomer concentration: 5 wt %; ACN concentration:
0.06 mol/L, T 5 45°C and t 5 180 min).

Figure 2 Effect of ACN concentration on: Œ, grafting
yield, and ■, CADMH (total monomer concentration: 5
wt %; ADMH molar fraction: 20 mol %; T 5 45°C and
t 5 180 min).
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of an “equilibrium” between graft yield and
fADMH. Continuously increasing the ADMH mo-
lar content causes the total graft yield to de-
crease, while the content of the ADMH units in
the grafted copolymers (fADMH) increases. Thus,
at a certain ADMH molar content (20%), a maxi-
mum value of CADMH could be observed. For
CADMH, the synergistic effect was at its highest
when an AN/ADMH mixture contains 20 mol % of
ADMH.

Effect of Total Monomer Mixture Concentration

Figure 4 shows the influence of the monomer mix-
ture concentration on graft copolymerizations. It
can be seen that, as the total monomer concentra-
tions increases, the graft yield and CADMH grad-
ually improved. In this heterogeneous reaction
system, the graft copolymerization largely de-
pends on the diffusion of monomers into cotton
samples. As monomer concentrations go up, more
and more monomers can reach reactive sites on
cotton molecules. Furthermore, increasing mono-
mer concentrations may increase the amount of
PAN homopolymer and/or AN/ADMH copolymer
in the solution, and consequently, this will result
in increased viscosity. This effect hinders termi-
nation, particularly through the coupling of grow-
ing polymer chains. As a result, the graft yield
and CADMH of the reaction are benefited.

It should be noted that, however, when the
total concentration is higher than 5 wt %, the
trend of the increase is not very significant. For
example, the monomer concentration was raised

from 5% to 20 wt %, a four-time increase, but the
graft yield only improved about 1.4 times, and
CADMH, was a little better, about two times.

Effect of Reaction Temperature

The effect of temperature on graft copolymeriza-
tion was investigated over the range of 20–70°C.
The results are presented in Figure 5. It can
clearly be seen that grafting reaction favors a
high temperature in general. But in the case of
CADMH, the yield first increases in the tempera-
ture range of 25–45°C, and beyond this limit it
decreases.

Raising temperature increases the following
parameters such as the dissociation rate of ACN,
initiation, propagation, and termination rates of
polymerization, monomer mobility, swellability,
and mobility of cotton fibers, as well as the diffu-
sion of monomers into the fiber. All of these fac-
tors, except the increase of termination rates, re-
sult in the increase of grafting yield.

The “increase–decrease” trend of CADMH is
most likely due to the influence of the tempera-
ture on fADMH. It was found that fADMH increases
with the increase in temperature up to 45°C; and
after this, further increases decreased fADMH.
Consequently, under a temperature higher than
45°C, although the grafting yield increases,
CADMH decreases. These findings may suggest
that compared to ADMH, polymerization of AN is
favored at higher temperatures. Another possible
explanation is that under a higher temperature
(higher than 45°C), some PAN homopolymer, in-

Figure 4 Effect of total monomer concentration on:
Œ, grafting yield, and ■, CADMH (ADMH molar fraction:
20 mol %; ACN concentration: 0.06 mol/L, T 5 45°C
and t 5 180 min).

Figure 5 Effect of reaction temperature on: Œ, graft-
ing yield, and ■, CADMH (total monomer concentration:
5 wt %; ADMH molar fraction: 20 mol %; ACN concen-
tration: 0.06 mol/L, and t 5 180 min).
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stead of AN/ADMH copolymer, may be grafted
onto cotton fibers.

Effect of Reaction Time

The influence of reaction time on graft copolymer-
ization is presented in Figure 6. With longer re-
action time, both grafting yield and CADMH are
higher than with short reaction time, but at dif-
ferent levels. For example, from a reaction time of
30 to 300 min, the percentage of grafting yields
increased only 1.7 times, but the CADMH in-
creased 4.3-fold. This means that with longer re-
action times, fADMH and CADMH increase more
quick than the grafting yield. This result is not
very surprising, because the reactivity of AN is
higher than that of ADMH, and thus AN prefer-
entially enters the copolymer. As a result, there is
a drift in the comonomer composition toward
ADMH as the reaction time is extended, and the
grafting yield increases slowly comparing to
CADMH.

Antibacterial Properties of the Halogenated
Copolymers

After treatment with a regular chlorine bleach,
the amide groups of the grafted copolymers can be
readily transformed into N-halamine structures,
as demonstrated in Figure 7. Figure 7 shows the
FTIR spectra in the region of 1680–2350 cm21 of
a grafted cotton sample before bleaching treat-
ment, after bleaching, and after repeated ma-
chine washes, respectively. Before chlorine
bleaching [Fig. 7(A)], the grafted sample shows a

band at 1770 cm21, attributing to the amide
group of the hydantoin rings. After the bleaching,
the 1770 cm21 band disappears and a new band
centered at 1782 cm21 appears [Fig. 7(B)]. The
difference of 12 cm21 in wave number between
the bleached and unbleached samples strongly
suggests that the hydantoin structures have
transformed into N-halamine structures.27

The stability of the N-halamine structure was
studied by laundering the treated fabrics follow-
ing the AATCC Test Method 124. In the present
study, it was found that the N-halamine struc-
tures in the grafted cotton samples could survive
10 washes. After 15 washes, the N-halamine
structures were reduced back to hydantoin. As a
result, the 1782 cm21 bands changed back to 1770
cm21 [note particularly the difference between
Fig. 7(C) and (D)]. However, after another bleach-
ing treatment, the 1770 cm21 band converted into
1782 cm21 again [Fig. 7(E)]. The same “1782 3
1770 3 1782” cycle was repeated at least for 10
times on the fabric samples. Because the antibac-
terial properties of the modified fabrics are pro-
vided by the grafted N-halamine structures,16–23

this result demonstrated the durable and regen-
erable antibacterial properties of the samples.

The biocidal efficacy of the halogenated sam-
ples were evaluated by using a bacterium, Esch-

Figure 6 Effect of reaction time on: Œ, grafting yield,
and ■, CADMH (total monomer concentration: 5 wt %;
ADMH molar fraction: 20 mol %; ACN concentration:
0.06 mol/L, and T 5 45°C).

Figure 7 FTIR spectra in the region of 1680–2350
cm21 of: (A), ADMH/AN grafted cotton (graft % 5 15.7,
CADMH 5 0.043 mol/g); (B), sample (A) after chlorine
bleaching; (C), sample (B) after 10 machine washes;
(D), sample (B) after 15 machine washes; and (E), sam-
ple (D) after chlorine rebleaching (see text for details).
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erichia coli, at a concentration of 106–107 CFU/
mL, following the AATCC Test Method 100. The
results are shown in Table I. As the ADMH unit
content increased in the grafted samples, the con-
tact time for a total kill of 106–107 CFU/mL E. coli
reduced (note the difference between sample 1
and sample 4), indicating a fast inactivation of the
micro-organism and better biocidal efficacy. After
10 washes, the fabrics demonstrated that the con-
tact time for a total kill of E. coli was increased
slightly from 10 to 20 min, indicating that the
N-halamine structures on the fabrics were very
stable under the washing conditions. However,
more intensive washes could convert the N-
halamine structures back to their precursors (see
Fig. 7), which can be seen from the decreased
antibacterial properties (see Table I, samples 2, 3,
and 5). However, after exposure to the chlorine
bleach again, the samples regained a total kill at
a contact time of less than 30 min. This “bleach3
wash 10 times3 rebleach” cycle was repeated for
10 times, but the antibacterial properties of the
samples were unchanged, indicating the antibac-
terial properties were fully regenerable.

CONCLUSION

A novel hydantoin-containing allylic monomer,
ADMH, was employed in graft modification of
cotton fabrics. Although ADMH alone could not
be grafted onto polymers, the presence of acrylo-
nitrile enhanced the ADMH grafting yield on cot-
ton cellulose. The effects of the initiator concen-

tration, ADMH molar ratio in the monomer mix-
tures, total concentration of the monomer
mixtures, reaction temperature, and time of the
graft copolymerization were investigated. The
ADMH grafting reaction favors a higher concen-
tration of total monomer mixture, higher temper-
ature in the tested temperature range, and a
longer reaction time. Hydantoin units in the
grafted copolymers were readily converted to N-
halamine structures upon exposure to a commer-
cially available chlorine bleach. The N-halamine
derivatives of the corresponding grafted samples
exhibited potent antibacterial properties against
Escherichia coli, and these properties were dura-
ble and regenerable.

This research is support by a CAREER award from
National Science Foundation (DMI 9733981), and fi-
nancially sponsored by the HaloSource Corporation,
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REFERENCES

1. Lidwell, O. M.; Towers, A. G.; Ballard, J.; Glad-
stone, B. J Appl Bact 1974, 37, 649.

2. Rubbo, S. D.; Saunders, J. J Hyg Camb 1963, 61,
507.

3. Ransjo, U. J Hyg Camb 1979, 82, 369.
4. Hambraeus, A. J Hyg Camb 1973, 71, 799.
5. Beck, W. C.; Collette, T. S. Am J Surg 1952, 83, 125.
6. Smith, J. W.; Nichols, R. L. Arch Surg 1991, 126,

756.
7. Lovitt, S. A.; Nichols, R. L.; Smith, J. W.; Muzik,

A. C.; Pearce, P. E. Am J Infect Control 1992, 20,
185.

8. Quebbeman, E. J.; Telford, G. L.; Hubbard, S.;
Wadsworth, K.; Hardman, B.; Goodman, H.; Cot-
tlieb, M. S. Annal Surg 1991, 214, 614.

9. Granzow, J. W.; Smith, J. W.; Nichols, R. L.; Wa-
terman, R. S.; Muzik, A. C. Am J Infect Control
1998, 26, 85.

10. Scott, E.; Bloomfield, S. F.; Barlow, C. G. J Hyg
Camb 1982, 89, 279.

11. Tebutt, C. M. J Hyg Camb 1986, 97, 81.
12. Scott, E.; Bloomfield, S. F. J Appl Bact 1990, 68,

271.
13. Mackintosh, C. A.; Hoffman, P. N. J Hyg Camb

1984, 92, 345.
14. Vigo, T. L. Manmade Fibers: Their Origin and De-

velopment; Seymour, R. B.; Porter, R. S., Eds.;
Elsevier Appl. Sci.: New York, 1992, p 214.

15. Vigo, T. L. In Biotechnology and Bioactive Poly-
mers; Gebelein, C.; Carraher, C., Eds.; Plenum
Press: New York, 1994; p 225.

Table I Antibacterial Properties of Some
Halogenated Grafted Samples Against E. colia

Sample
No.

Graft
wt %

CADMH

(mol/g)
Wash

Timesb

Contact
Time
(min)c

1 15.2 3.4 3 1022 0 20
2 15.2 3.4 3 1022 10 30
3 15.2 3.4 3 1022 20 180
4 26.4 9.0 3 1022 0 10
5 26.4 9.0 3 1022 20 60

a Antibacterial properties were tested according to AATCC
Test Method 100. E. coli concentration: 106–107 CFU/mL.

b Laundering, following AATCC Test Method 124, AATCC
standard reference detergent WOB was used in all of the
machine washing tests.

c Minimum contact time for a total kill.

NOVEL REGENERABLE N-HALAMINE POLYMERIC BIOCIDES. II 623



16. Worley, S. D.; Sun, G. Trends Polym Sci 1996, 11,
364.

17. Sun, G.; Chen, T. Y.; Worley, S. D. Polymer 1996,
37, 3753.

18. Worley, S. D.; Sun, G. The Polymeric Materials
Encyclopedia; 1996, p 550, vol. 1, A-B.

19. Sun, G.; Chen, T. Y.; Habercom, M. S.; Wheatley,
W. B.; Worley, S. D. Water Res Bull 1996, 32, 793.

20. Bickert, J. R.; Xu, X.; Sun, G.; Williams, J. F. In-
ternational Conference on Safety & Protective fab-
ric ’98, 1998, p 1.

21. Sun, G.; Xu, X. Textile Chem Colorist 1998, 6, 26.
22. Sun, G.; Xu, X. Textile Chem Colorist 1999, 31, 21.

23. Sun, Y.; Sun, G. J Appl Polym Sci, to appear.
24. Bartlett, P. D.; Tate, F. A. J Am Chem Soc 1953, 75,

91.
25. Schildknecht, C. E. Allyl Compounds and Their

Polymers; John Wiley & Sons: New York, 1973, p
30.

26. Liang, C. Y.; Krimm, S. J Polym Sci 1958, 31, 513.
27. Ware, E. Chem Rev 1950, 46, 403.
28. Mino, G.; Kaizerman, S. J Polym Sci 1958, 31, 242.
29. Kamogowa, H.; Sekiya, T. Textile Res J 1961, 31,

585.
30. Vitta, S. B.; Stahel, E. P.; Stannett, V. T. J Macro-

mol Sci Chem 1985, A22, 579.

624 SUN AND SUN


