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ABSTRACT

The nature of the interactions between methyvlolmelamine
resins and cotton has been investigated. A new chemical
analytical method for the elucidation of the chemical
structure of resin-treated cotton has heen develcped. Data
are presented for the degree of substitution of cellulose
by trimethyiolmelamine, and for the distritetion of these
substituents between the various hydroxyl groups of the

anhydroglucose unit under various curing conditions. It

; has been shcwn by an investigation of weathered resin-treated
cotton samples that periodate oxidation can be used as a
sensitive index of the structural changes occurring during
reein degradation. Microscopy and solubility stuaies in the
cellulose solvent cadoxen, in connection with Smith degrada-
tions, have been found to provide a method for assessing any

IEPPNNTI T WETNE 1Y

cellulnse chemical treatment for uniformity and effectiveness
of covalent cross-linking. Preliminary results are presented
on the distribution of resin substituents along the cellulose
chain, and considerable nonuniformity of resin substitution
is indicated.
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CHAPTER I. INTRODUCTION

The resistance of cellulosic materials to microbiological
degradation can be greatly enhanced by treatment of the fabrics
with methylolmelamine resins, as was shown by Kaplan and co-
workers [1,2] who studied the rot and weather resistance of
methyloimeiamine-treated cotton. Two methods of application of
methylolmelamine resins as a finishing agent for cotton have
been reported in this connection. The ‘''dry cure" of Berard and
co-workers [3] involves a short, high-temperature treatment of
cottcen padded with the formic acid colloid of the methylol-
melamine, whereas Ruperti [4] used a "wet cure' process in
which th: curing is obtainad at room temperature over prolonged
periods of time or by the application of steam.

Although considerable research was conducted in the genersal
field of the spplication of resins to cellulosic materials in
connection with attempts to improve wrinkle recovery, flame
resistaance, and water repellency, little information is avail-
able about the chemical structure of the reacticn products
resulting from a resin treatment of cellulose. Ia this study,
chemical metnods have been developed which permit the
elucidation of products arising from the direct chemical inter-
action between the resin and cellulose. The objectives involved:
1) determination of tne incidence of covalent chemical linkages
between the resin and cellulose; 2) the location, distributiocn,
and nature of any covalent linkages; and 2) the establishment
of analytical procedures for the quantitetive assay of the
degree. of covalent resin-cellulose bonding.
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CHAPTER 1I. CHARACTERIZATION OF RESIN-TREATED COTTON FABRICS

A number of resin-treated cotton duck fabrics, representing
the various curing methods, have been used in these investigations.
§ Most of these samples were supplied by the Fungicides and
: Germicides Laboratory, Pioneering Research Division, QM Research &
Engineering Command. A series of special melamine resin samples
with complete analytical data have been obtained from the American
Cyanamid Company, and samples of commercial melamine resins have
also been obtained from the CIBA Corporation. In certain special
cases the fabrics were treated and cured at TRI. The character-

ization of these resin-treated ssmples by a variety of test methods
will be described and discussed in this chapter.

The samples were analyzed for nitrogen by the Kjeldahl method
and for formaldehyde by the chromatropic acicd procedure ([5].
Moisture regain wss determined, and f£abiic wrinkle recovery was
E measured using the Monsanto test method [6]. A description of the
samples and the characterization data are given in Table I.

Table 1. Data on QM Melamine Resin-Treated Samples

% ! Wrinkle Recovery
Sample Cure  Nitrogen : HCHO . Moisture wetw * gr
i (%) (%) regain () y
QM-1 Untreated none 0 0 7.06 125 134
cotton duck
CM-2 "'Statuff" wet 5.10 2.41 7.33 153 162
resin-treated
duck
¢ QM-3 "Arigal" C wet 4.60 0.52 8.25 192 151
i resin-treated
duck
QM-4 Formic acid dry 7.30 0.81 6.85 237 234
colloid of MMA-
treated duck

[




It has been established that cross-linking and not resin
deposition is primarily responsible for improved wrinkle recovery
in modified cotton fabrics [7,8,9]. Thus, the wrinkle recovery
data Iindicate that :-here is appreciable cross-linking in the
"dry cure" sample, which is further supported by the decreased
moisture contént. The significant increase in wet wrinkle reccvery
and moisture regain for the Arigal C sample suggests that some wet-
state cross-linking has occurred. It has been observed that cross-
linking cotton fiIbers in the sw.ollen stare causes moisture regain
to increase by fixing the structure in a more open configuration
'7,8]. 1In the case of the sample wet-cured with Statuff resin,
there is no indication of significant cross-link formation. The
reason for the abnormally high formaldehyde content obtained from
the Statuff resin-treated sample is not presently understood.

1. Resin Treatment of Cotton Print Clo:ih

A series of 80 x 80 cotton print cloth (bleached, desized,
3.5 oz/yd?) samples treated with dimethylclmelamine and tri-
methylolmelamine were obtained by the '"dry-cure'' process of
Berard et al. [3], and the ''wet-cure’ process of Ruperti {4],
according to the following experimental procedures:

A, Dry-Cure Process
The methylolmelamine resin used was Aerotex Resin UM

(American Cyanamid Company product) which is nominrlly a
dimethylolmelamine. The agueous treating solution contained 20%

formic acid and 10% of the resin. Fabric samples were weighed,
soaked in the treating solution, and passed throcugh one set of
squeeze rolls to give 100% pick-up on the weight of the fabric.
The padded fabric samples were then placed on pin frames in a
circulating air oven at 80°C for 4 minutes followed by curing in
another circulating air oven at 140°C for 4 minutes. The products
were then washed in hot water for 15 minutes and dried at room
temperature.
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B. Wet-Cure Process
The resin used was commercial Arigal C (CIBA product) which
is nominally trimethylolmelamine. The procedures followed were
similar to those described in CIBA Circular No. 2138 for Arigal C.
The aqueous treating solution contained 24.7% resin and 1.2% of

30% hydrogen percxide. Fsabric samples were padded to 100% pick-up
and cured in the wet state at room temperature by a betch method by
wrapping the samples in lightweight plastic sheeting and storing
them for four days. The samples were then washed in dilute

: ammonium hydroxide and dried at room temperature. The results of

the ireatments are given in Table II

B e

Table 1I. Effects of Methylolmelamine Resin
Treatment on 80 x 80 Cotton Print Cloth

Pad Bath Warp Wrinkle Rec. .
] Sample Time Nitrogen (deg) WaﬁgrBriigg?g

(min) (%) wet dry :

Untreated O 0 67 63 60.0
Formic Acid Colloid-Dry-Cure Process

FA-la 15 5.16 140 145 41.5
FA-2a 5.36 137 149 50.0
FA-3a 5.04 136 141 38.8
FA-1b 30 6.13 132 134 43.4
FA-2b 4.86 140 144 39.4
FA-3b 5.50 130 143 39.1

Wet-Cure Process
A-1 10 5.38 93 94 -

- L el ol L




C. Application of Pure Resin by Dry-cure

The methylolmelamines and other resins generally available
tend to be chemically inhomogeneous, resulting in some ambiguities
as to the exact chemical structures of resin-treated cotton products.
A group of specially prepared resins of high chemical purity and
unambiguous structure have been generously made available for this
work by the American Cyanamid Co. The conditions of Berard and co-
workers [3) for the preparation of formic acid colloid were not
satisfaztory for use with the pure trimethylolmelemine since that
material is only sparingly soluble in 20% aqueous formic acid. 1In
order to prepare suitable samples for evaluation, it was necessary
that the resin be uniformly dispersed in a formic acid-water
padding bath and that the resin be at such a concentration level
that a 100% wet pick-up would give a final product containing at
least 10% add-on. Preliminary experiments showed that these
conditions could be met in the following way:

A 15.5% "solution'" with respect to the TMM was prepared by
adding 67 ml of formic acid to 33 g of T™M with stirring. Water
(100 cc) was added to the resulting slurry and stirring was con-
tinued for one hour after which time a uriform, translucent mixture
resulted. Five-gram pieces of scoured (27% caustic) cotton sheeting
(80x80) were immersed in the TMM bath for 5 minutes and were put
through a wringer set at a predetermined tension to give 100% wet
pick-up. The samples were placed on pin frames and were dried st
107°C for 4 minutes and cured at 170°C for 4 minutes. After rinsing
in hot running water for 10 minutes, the samples were allowed to
dry under the standard conditions. Other cotton sheeting samrles
were prepared using exactly the same conditions for the sake of
comparison but using, instead, the dimethylolmelamine (DMM).

Some properties of the fabrics resulting from this application of
TMM and DMM resins are shown in Table III.




Table I1I. Properties of TMM and DMM
Dry-Cured Cotton Sheeting Samples

Weight Resin* Wrinkle
Resin Inc. Nitrogen Add-ou Recévery
(%) (%) (%) (W+F deg)
wet dry
DMM 16.3 7.06 12.7 280 278
™M 14.1 §.00 11.7 294 287

*Based on nitrogen content.
The high levels of wrinkle recovery obtained indicate that
appreciable bonding in the cotton cellulose, probably involving

covalent cross-linking, has occurred with the application of
both the tri- and dimethylolmelamine.

PR

2. Characterization by DTA

The fabric samples obtained from the U. S. Army Natick
Laboratories (QM samples) were investigated by differential
thermal analysis (DTA) in an effort to gain some insight into the

nature of the chemical interaction of cellulose with the various
resins. In this method thermally detectable transitions or re-
actions that a textile or other polymer materiel undergoes, as it
is heated at a ccnstant rate through the temperature range of
interest, can be determined by measuring via thermocouples the
differential temperature, AT, between the sample and an inert
reference material [10,11]. It has been shown that the DTA curve
is unique for a given composition of matter and that it may be
used for positiv2 identification and sample differentiation [10].
Samples in the range of 5 to 40 mg were run in air and in nitrogen

atmosphere to obtain curves of the type shown in Figure 1.

The DTA curve of untreated cotton shows an early endothermic
process which is the desgorption of water, and a strong endothermic
process with a peak at 381°C which has beern attributed to the de-
polymerization of cellulose via thermal scission of the 1,4 links
between the anhydroglucose units {12]. The thermogram for the
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Statuff resin-treated cotton is almost identical with that of the
untreated except for a small sharp reaction around 430°C, thus
indicating no chemical modification of the cellulose. However,

in the case of the Arigal C wet cure sample a small new exothermic
peak appears at 320°C, and the size of the cellulose decomposition
endotherm (peak at 375°C) is somewhat reduced. In the case of the
dry-cure resin-treated sample, a thermogram with similar features,
but considerably changed in size,is >bserved. There is a well
defined exothermic peak at 314°C and the cellulose endotherm with

a peak at 375°C has been drastically reduced. It mav be suggested
that, since the same sample size was used and the thermograms were
found to be reprcducibtle, these changes are due to chemical mod-
ificaticn of the cellulcse. Thus, as the cellulose hydroxyl groups
are bonded, the size of the characteristic decomposition endotherm
would be expected to decrease due to changes in the mode of thermal
degredation. This has been cpserved in the case of other chemically
modified cellulcses. Therefore the Statuff resin-treated sample
shows no alteration of the cellulose degradatiorn pattern, indicating
no chemical bonding, and the sharp peak at ca 430°C could be the
decomposition cf unbended resin. The Arigal C resin-treated sample
shrws some chemical mcdification, whereas the acid colloid resin-
treated sample shows the greatest change. These results are con-
sistent with the data octained on wrinkle recovery and moisture
regain.

Gas Stream Pyrclysis

Samples of untreated and resin-treated cotton duck (QM samples)
were pyrclyzed in the carrier gas stream of a gas chrowmatograph
(F & ¥ 500 High Temperature Programmed instrument equipped with
thermal conductivity detectcr) and the decomposition products
separated on the twe columns as described below.

o Liquid Solid Column
Liquid Phase Phase.% Support length
1. Column #18 Carbowax 20 M 3 Haloport F 12 ft.

2, Column #16 Silicone oil 550 10 Haloport F 12 ft.




Ten-milligram samples of fabric were placed in a loop of
nichrome wire and positioned inside the injection port of the
chromatograph. The samples were pyrolyzed by passing an electric
current through the nichrome wire for 20 secords. The carrier gas
stream carried the decomposition products directly to the column
for separation. The temperature of pyrolysis was measured by a
thermocouple touching the nichrome wire and for these tests the
temperature of pyrolysis was 450°C. The char was recovered from
the nichrome wire after the completion of each run.

The chromatograms obtained using column 16 are reproduced in
Figure 2. The chromatograms indicate qualitative similarity be-
tween samples, but a quantitative difference for some of the
decomposition products. The lack of new peaks between untreated
cellulose and resin-treated cellulosz could mean that all the
volatile decomposition products from the resin are of low
molecular weight such as NI': and CH,0 which would come off the
column in the first peak and are masked by the main component of
this peak, which is water. The char residues of the pyrolyzed
samples indicate that less material is being volatilized in the
case of the resin-treated samples.

Each peak represents one or more compounds and the area under
the pesks is directly related to the amount of the compound in
the sample. Thus, the last peak in the chromatogram is an example
of a compound that shows definite quantitative differences betwzen
samples. This peak has been iuentified as 1,6-anhydro-R-D-gluco-
pyranoside (levoglucosan) which is formed during the thermal
decomposition of cellulose [13]. The chromatograms indicate that
on pyrolysis the Statuff resin-treated sample yields the largest
amount. This means that more levoglucosan is volatilized during
the pyrolysis of the resin-treated samples than in the case of
cellulose alone. Such information might be used to indicate the
process used and/or the amount of cross-linking in a sample.




It could also lead to informatioan on the position of the cross link
through considerations of structure that could give risz to the
noted changes in the amounts of the decomposition preoducts.

Infrared Spectra

It has been indicated that the infrared spectra (IR) of cotton
cellulose and cellulose derivatives can provide information as to
the nature and position of modifying substituents and, in many
cases, the extent of chemical modification may be quantitatively
estimated [14]. Therefore the infrared spectra of the resgin-
treated cotton samples have been investigated using a Perkin-Elmer
Model 237 Double Beam Spectrophotometer equipped with a diffraction
grating.

Using the potassium bromide (KBr) disc technique [15], spectra
of untreated cotton duck and the QM resin-treated cotton duck
samples have been obtained in the region between 4000 and 650 wm-!.
The fabrics were first finely cut snd then admixed with spiectral
grade K3r in the proportion of 3 mg of sample to 597 mg of KBr,
followed by milling for 4 minutes in a Spex Industries Mixer Mill
to provide a sample concentratiorn of 0.5%. Some 300 mg of this
mixture was used to press out the KBr pellet for analysis.

The sp2ctra are shown in Figure 2. O'Connor et al. [l14], and
Zleverly and Herrmann [16) observed that the ball milling of
cellulose in the preparation of KBr pellets or Nujol mulls caused
changes in the IR spectrum involving loss of definition and
certain bands due to ~hanges in crystallinity. These authors
have specified Wiley milling cellulose to 20 mes: and hand mixing
with KBr in a mortar to avoid such damage. However, in the present
work a sharp spectrum for cotton cellulose cnmpsrable to that shown
by O'Connor et al. {14], was obtained even though a high-speed
vibrator-type ball mill was used in sample preraration. The un-
treated cellulose I spectrum (sample A) shows all characteristic
bands previously reported [l4,17]. The main bands observed and
their assignments, based on literature data, are given in Table IV.
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Table IV.

Band Maximum

freq., cm

- 10 -

Assignment

Infrared Spectrum of Cotton Cellulose I

Literature
reference

3380
2890
1630
1450
1365
1155

1110

1050
900

660

OH stretching

CH stretching
adsorbed water

OH in-plane bending
CH bending

C-0 stretching,
antisym. bridge
oxygen stretch.,COC
Antisym. in-phase
ring stretching

C-0 stretching

Antisym. out-of-phase
ring stretching

OH out-of-plane
bending mode

4, 17
4, 17
17
17
14, 17
14

17

17
17

17

The spectra of the rcsin-treated samples (B, C and D) are
significantly different frcm the spectrum of the untreated cotton

in “he region from about 1700 to 1250 cm™.

Sample B shows three

fairly brocad and smooth bands with maxima at 1575, 1475 and 1350

cm™ .

Sample C shows a similar pattern except that a small

fourth band is indicated around 1325 cm—* and sample D also shows

this same pattern. A prominent and sherp new band is observed at
about 820 com ™ , which is characteristic of nitrogen-conteining

resins.

cotton cellulose spectrum is retained in detail.

In the region from 1250 tc 850 cm-! the original untreated

Thus the differ-

ences between the spectra of the resin-treated cotton samples

appear to be slight and until further informstion is obtained no

interpretation is possible.

band at 820 cm™ may be significant.

S b ———— i—

The variation in the size of the
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Infrared Spectra of Methylol Melamine (MMA) Resin-
Treated Cotton Duck Fabri-s (QM samples).

Untreated fabric.

Resin~-treated fabric, formic acid colloid of MMA, dry
cure, 7.30% nitrogen.

Arigal C resin-treated fabric, wet cure, 4.60% nitrogen.

Statuff resin-treated fabric, wet cure, 5.10% nitrogen.




CHAPTER III. DERIVATIVE FORMATION

1. Methylation of Resin-Treated Cotton

The initial approach for determiiing the number and position
of cellulose hydroxyl groups involved in ccvalent bonding between
methylolmelamine resins and ceilulose was the direct methylation
of all free hydroxyl groups. Experiments connected with attempts
at exhaustive methylation of resin-treated cotton, and reasons
why this approach had to be abandoned, are discussed in this
section. The methylation procedures used, based on methods de-
scribed by Steele and Pacsu [18], and Croon and St. John Manley
[19], were as follows.

Method 1 - Sample was ground in 3 Wiley mill to 20 mesh, swollen
in 20% sodium hydroxide under nitrogen, washed free of alkali,
and suspended in a 1l:1 mixture of 30% NaOH and acetone to which
dimethylsulfate (DMS), (CHy),S80,, was added. Methylation was
carried out at 60YC with stirring for 4 hours, the product was
filtered and washed with hot water.

Method 2 - The sample was ground to 80 mesh, swollen in water,

and after suction filtration, suspended in 45% NaOH followed by
agitation for 1 hour under nitrogen. The alkali cellulose product
was suction-filtered to 300% pick-up and methylated at 25°C in a
L:1 mixture of acetone and DMS for 18 hours with stirring. The
product was washed in acetone followed by boiling hot water until
free of alkali. Treatment and analytical data for various
methylated products are given in Tatle V.

The blank treatment resulted in the loss of some resin as
indicated by the loss of nitrogen which may be ascribed to the
removal of unbound resin. Some further decrease in the nitrogen

content of treated samples would be expected as a consequence of
the increased molecular weight of the products due to che intro-
duction of methyl groups. Thus, if the nitrogen content of 5.94%




o Table V. Effect of Methylation on Resin-Treated

' Cotton Duck (QM Dry-Cure Sample - Formic
! Acid Colloid c¢f Trimethylolmelamine)
Methylation
Treatment No. of ‘Total Methoxyl® Nitrogen
times time(hr) (%) (%)

Untreated - - 7.46
Ble.k** - - 5.94
Method 1 4 16 41.4 1.01
at 60°C 7 28 - 0.18
Method 1 4 24 3.98
at 25°C 3 18 3.23
Method 2 1 18 - 4.36
at 25°C 3 54 41.6 1.62
Method 2 2 36 2.2 3.62
at 25°C; 3 54 4C.3 1.63
1% HAc wash 4 72 41.8 1.01
Method 2 1 18 36.2 4.28
at 25°C; 2 36 38.2 3.74
cold 1% acid 3 54 37.9 3.16

and B,0 wash

* Means of 3 to 5 determinations by the modified Zeisel method [20].

** Resin-treated sample ground to 80 mesh, treated in 45% NaOH for

. 1 hour, suction filtered and suspended in acetone at room
temperature for 24 hours.

WA Wanh herer sb oo

found for the blank represented covalently bound resin, the
nitrogen coutent of a sample after methylation would be expected
to be about 4.7% with an accompanying methoxyl content of ca 38%,
i.e., the degree of substitution (DS) with respect to bonded resin
would be about DS 0.35 and for methoxyl DSOCH3 2,65. However, the
nitrogen losses shown after methylation were suprisingly large

in many ceses. Thus, where methylation was carried out at 60°C
for 28 hours by Methced 1 the nitrogen was almost completely lost
and longer methylation times at 25°C resulted in substantial de-
creases in nitrogen content. The data also indicate that the
degree of methylation increases as nitrogen content decreases,
thus suggesting the possibility that more OH groups become avail-
able for reaction as nitrogen content decreases. Tails continued




loss of nitrogen on repeated methylation is difficult to reconcile
with the postulate that appreciable amounts of resin monomer or
dimer units are covalently bonded to the cellulose, primariiy in
the form of cellulose cross links since the conditions present in
the methylation reaction would not be expected to bring about the
rupture of ceilulose ether linkages to methylolmelamine residues.
Yet the high level of wrinkle recovery, shown in Chapter I to
result from the dry cure treatment, as well as infrared and other
chemical data developed by previous investigators [21-25], offer
strong evidence that chemical reaction to include significant co-
valent cross-linking with the cellulose has taken place during
such resin treatment. Nitrogen losses caused by alkali extraction
alone are shown in Tables VI and VII for some QM samples and for
the resin-treated cotton print cloth. After a loss of resin of
about 30% the remainder appears to be stable to strong alkali at
room temperature but under more severe conditions (60 hrs, 60°C)
further resin losses of considerable magnitude occur. No ex-
plenation can be offered at this point for this surprising lack
of stability of the presumably cova zntly bound resin to the
action of strong alkali. Because of these difficulties encountered
curing methylation, an alternate approach was chosen which will
be discussed in the following section of this chapter,.

Table VI. Effect of Alkali Extraction
on Nitrogen Content of QM Samples

Time Temperature Nitrogen
Sample Extractant (hrs) *c) (%)
none - - 7.46
water 60 60 6.46
16 25 5.89
24 25 5.80
FA-QM 32 25 5.85
dry cure 20% NaCH 48 25 5.63
24 60 5.98
60 60 3.22
Arigal C none - - 4.60

wet cure 20% NaOH 24 25 3.12
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Table VII. Effect of Alkali Treatment at 25°C on
Dimethylolmelamine Resin-Treated Cotton Print Cloth*

NaOH Time Nitrogen
(%) (hr) (%)
Untreated - 5.16
16 5.46
20 48 4.73
72 4.71
16 4.59
40 L8 4.84
72 4.72

* - - .
Formic acid colloid of aerotex
resin UM-dry-cure process.

2. Periodate Oxidation of Resin-Treated Cotton

This approach is based upon the sodium periodate oxidation
reaction as a means of determining the number of glycol groups
in organic compounds [26]. This reaction has been applied in the
case of cellulose to estimate the extent to which the adjacent
secondary hydroxyl groups at C, and C, are substituted [27,28].
In periodate oxidation the C,-C., bond is cleaved when both
hydroxyls are unsubstituted, with the conversion of the hydroxyl
groups to aldehyde groups. The oxidized products may then be
characterized after sodium borohydride reduction of the aldehyde
groups to alcohols [29]. 1If either or both the adjacent hydroxyls
in an anhydroglucose unit of the cellulose chain sre substituted
there is no reaction with the periodate. The oxidation is
followed titrimetrically to determine the amount of periodate
consumed, providing quantitative data as tc the number of un-
substituted glycol groupings in the sample.

The general reaction scheme involves 1) periodate oxidation
of resin-treated cotton, providing data on the degree of secondary
hydroxyl group involvement in covalent bonding; 2) reduction of
the aldehyde groups arising from the oxidation to alcohols; 3)
methylation and/or esterification of all hydroxyl groups not
resin-bonded; and 4) hydrolytic degradation of samples followed
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by analysis of the products by gas chromatography and other means.
The periodate oxidation effectively causes the complete breaching
of the highly organized structure of the cotton cellulose, thus
rendering the structure so accessible that a wide range of re-
actions, such as methylation, can be readily carried out under
milder conditions than possible in the case of unoxidized samples.

Experimental Method - Periodate oxidation: l-g samples (5.2 millimoles
anhydroglucose) of resin-treated cotton duck fabric (QM-4), as

well as untreated cotton duck, were ground in the Wiley mill

(20 mesh) and then treated with 100 ml of a 0.2 M buffered (pH 5.2)
sodium metaperiodate solution (25 millimoles NaIO,), in the dark.
One ml aliquots were removed periodically and assayed as follows
by the method of Miller and Friedberger [30;:

Five ml of saturated sodium bicarbonate and 5 ml of 10%
potassium iodide solution were added. The solution was then kept
in the dark for 15 minutes. During titration of the liberated
iodine with 0.02 N sodium arsenite, 0.5 ml of starch indicator
solution was added near the end point. The complete oxidation
treatment required about 30 days. After the reaction was stopped,

the products were recovered by filtration, washed, dried and
weighed.

Borohydride Reduction of Oxidized Samples - 0.2 g of the oxidized
semple was suspended in 20 ml of water and reduced with 0.2 g

sodium borohydride for 6 hours st room temperature, a stream of
CO, being introduced throughout to neutralize the sodium hydroxide
formed. The solutions did not become strongly alkaline after that
time and the mixtures were kept at 5°C overnight. The insoluble
portions were recovered by filtration. The filtrates were
acidified to pH 4.0 by addition of dilute HCl and precipitated
into 540 times their volume of ethenol. The products were washed
thorcughly (using weter for the insoluble portions and ethanol

for the soluble ones), dried, and weighed.
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A secondary reaction commences in the case of the resin-
treated sample, which results in a rapid exponential consumption
of periodate after about 2 weeks. Since the o> ilation was intended
to be used as a quantitative analysis for anhydrogluccse units un-
substituted in 2 and 3 positions, an independent determination of
unoxidized glucose was necessary. The hexose assay method of
Dische et al. {31] was found to serve this purpose.

Determination of Residual Glucose - Method [31]: QM-4 samples were

oxidized for 5, 10, 15 and 20 days, reduced with borohydride as
described above, and then investigated for residual glucose using
the following method:

Approximately 2 mg of accurately weighed samples were weighed
into pyrex test tubes of 4 ml capacity. To this was added 0.1 ml
of 72% sulfuric acid end the mixture was agitated until the sample
was wetted-out by the acid. It was then kept overnight at room
temperature. Water (0.9 ml) was added, the tubes were sealed and
placed in a boiling water bath for durations of one hour for CD
and two hours for QM-4 samples. Clear solutions resulted. Treat-
ment with 3 N sulfuric acid alone under the same condition did not
effect complete solution of the QM-4 samples and the glucose
contents found were lower than with the above procedure.

The tubes were cooled to room temperature &énd opened. Portions
of the hydroiyzates were assayed directly for glucose. An aliquot
of appropriate size (generally 0.1 ml) to give a result within the
region of a standard curve, constructed simultaneously by running
known amounts (20-125v) of glucose, was removed and diluted to
1 ml with water in a 50 m! test tube. Cooling with an ice-bath,
5.0 mlL of a mixture of sulfuric acid/water (6/1) was added. After
cooling for 2 minutes more, the solutions were mixed by vigorous
shaking and were placed in a room temperature bath for 2 minutes.
They were then heated for exsctly 3 minutes in a vigorously boil-
ing water bath, protected with a cold water-filled glass bulk to
serve as a condenser, and were finally cooled in a room temperature
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water bath. A 3.0% solution of DL cysteine hydrochloride (0.1 ml)
was added, foilowed by vigorous shaking to mix. The optical
density (0.D.) of the yellow color which develosed iImmediately
(primary reaction) was measured at 412 wuy in the DB Beckman
Spectrophotometer. During standing for 48 hours, a green color
developed with a maximum absorption at 600 myu (secondary reaction).

Contrary to the report of Dische, the secondary as well as the
primary reaction were found to follow Beer's Law in the range of
20 to 100 micrograms. That author observed the Beer's Law re-
lationship for the secondary reaction only at glucose levels
greater than 100v. The results of the eralyses as shown by the
secondary cysteine reaction are shown in Tables VIII and IX, and
are plotted in Figure 4.

Table VIII. Glucose Analyses
Secondary Cysteine Reaction (48 hours)

Time of AHG (%)
oxid. Sample*  0.D. Glucose AHG not oxid.**
; (days) Wt.(v) (600mu) found(v) (v x 0.9) oxid.
5 217 .366 150 135 62 us 0
156 .209 87 78 50 .
10 206 .267 111 100 L8 53.5
241 .289 119 107 45 )
15 248 .308 127 114 46 ca g
206 .288 119 107 48 -
20 161 .167 70 63 39 625
238 .228 a5 85 36 :

* . .
Cellulose in resin-treated sample.

** Means of two values calculated by difference.

Equal glucose contents were found in those samples which had
been oxidized for 10 and.15.days. This indicates that, although
the periodate consumption is proceeding at an accelerating rate
in that period of the oxidation reaction, all glucose units not
blocked by substitution of methylol groups at s secondary hydroxyl
have been cleaved during 10 days. Over-oxidation during an ad-
ditional 5-day period resulted in a loss of orly snother 9% of
the initial anhydroglucose. The unchanged nitrogen content
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Table IX. Analyses of QM~4 Samples
Oxidized for Different Lengths of Time

Time of Anhydro- Nitrogen Resin in Sample (%)
oxid. glucose units in product product becoming soluble
(days) oxidized (%) (%) (%) after reduction
0 - 7.30 14.3 -
5 L 6.74 13.2 -
10 53 7.20 4.1 0.9
15 53 7.37 14.4 1.2
20 62 7.73 15.2 2.0

indicates that no loss of resin occurs during the reaction. An
investigation directed towards an elucidation of the mechanism
of the secondary reacticn, with the hope of finding the means of
inhibiting it, was discontinued after it became clear that a de-
tailed study wouid be necessary. It could be shown that an
organic acid was formed during the secondary reaction stage
(Table X), but since oxidant consumption curves were basically
identical in buffered and unbuffered media it appeared that the
organic acid formed was a by-product rather than a cause of the
secondary reaction. Addition ¢f 0.1 ml formic acid to a resin-
treated sample {1 g) oxidizing in 30 ml of 0.2 M NalQ,, however,
resulted in a rapid consumpticn cf periodate well over the

Table X. Fcrmaticn of Organic Acid
during Oxidatior in 0.2 M Periodate

Oxidation pH of Moles of Acid
time solution formed per mole
(days) anhydroglucose unit
oM4  CD oM CD
0 4.5 4.5 -
1 5.2 4.5 - -
2 5.2 L.2 -
3 5.2 4.0 - -
4 5.0 3.9 - -
5 4.9 3.8 0 .011
10 4.5 3.5 .007 .022
15 4.3 3.4 .022 .030
20 3.9 3.3 .034 . 0Ly

1 T ———————
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theoretical amount. The curves in Figure 5 also show that
addition of dilute HCl has the same effect on oxidation rates,
and that this dependence of oxidation rate on the acidity of the
oxidizing solution must be connected with the resin, since no
effect could be observed with untreated cotton.

3. Exhaustive Substitution of Free Hydroxyl Groups

Methylation - Methylation of the free hydroxyl groups in
the oxidized and reduced QM-4 samples was not as readily accom-
plished as had been anticipated. The QM-4 samples were subjected
to various methylation procedures following periodate oxidation
(0.2 M NaIn,, 10 days) and reduction with sodium borohydride.

The course of methylation was followed by methoxyl analyses
(Zeisel) and thin layer chromatography to identify the methyl
glucoses obtained from hydrolysis of the products. A thin layer
chromatographic technique was developed for the purpose and the
solvent system acetone-1,2 dimethyoxyethane-petroleum ether in a

ratio 7:2:1 was found to give an excellent separation of glucose,
mono-, di-, tri- and tetra-O-methyl giucoses when the mixture was
irrigated on silica gel G.

Attempts were made to form the sodium cellulosate, as a
preliminary step to methylation, by a variety of techniques.
These included the use of the sodio-naphthalene complex [32],
sodium in butanol [33] and other alcohols, and sodium hydride in
various swelling and dispersing agents including tetrahydrofurean,
dimethylformamide and N-methyl 2-pyrrolidone. Benzyl lithium
was also prepared [34] in the hope that it could be used to form
the lithium cellulosate which could subsequently be methylated.
These methods introduced only low degrees of substitution of
methyl ether groups even after prolonged reaction with methyl
iodide. It was therefore decided to react the free hydroxyl
groups via esterfication with phenylisocyanate (carbenilation)
as an alternative approach which had been applied successfully by
H. 0. Bouveng [35] in an investigation of the location of acetyl
groups in partially acetylated carbohydrates.
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Carbanilation

The reaction involving substitution of the free hydroxyls in
the resin-treated, oxidized-reduced sample (called hereafter OR-
QM-4) with the phenyl carbamoyl (carbanilate) group has two
immediately apparent points in its favor: 1) the reaction can
be run in anhydrous pyridine which would not be expected to have
degradative effects on the cellulose-melamine substrate even at
elevated temperatures, and 2) the reaction involves a simple,
one-step addition to the hydroxyl group requiring no catalyst.

)
]
R-OH + ¢N=C=0 —» R-0-C-NH¢

where ¢ = CgHg .

The carbanilate ester group was chosen over other esters because
of its known 735] relative stability, and because of the ad-
vantageous presence of nitrogen to assist in following the course
of the reactions.

The carbanilation reaction can be used for the present purpose
as the first step in the following reaction sequence: 1) carban-
ilation of all available hydroxyl groups with phenylisocyanate,

2) mild acid hydrolysis to effect removal of the bound resin,

3) methylation of the regenerated hydroxyl groups, &) reductive
(lithium aZuminium hydride) removal of the carbanilate blocking
groups, and 5) hydrolysis to glucose derivatives which contain a
methyl ether group at each site previously substituted by
methylolmelamine.

Method: 0.5 g of OR-QM-4 sample (oxidized-reduced containing
7.37% N) was suspended in 8 ml of anhydrous pyridine, and 3.0 ml
of freshly distilled phenylisocyanate was added. 'The reaction
mixture coantained in a sealed tube wes kept in boiling water for
10 hours with occasional shaking. After cooling, the mixture
was added toc a large excess of ethanol. The product was re-
covered by filtration and washed thoroughly with ethanol.
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The results obtained with oxidized and reduced resin-treated
samples are shown in Table XI.

Table XI. Carbanilation of Resin-Treated
(Dry-Cured) Cotton

Time of Initial Resin Wt.Inc. Nitrogen Content (%)
periodate content (%) * * %
oxidation (%) before after
(days)

5 13.3 134 6.74 10.01

10 14.2 140 7.20 10.15

15 14.5 142 7.37 10.54

20 15.2 144 7.73 10.73

30 16.5 150 8.41 10.82

* Oxidized and reduced, insoluble fractions.
** Carbanilated products.

The DS of carbanilate groups in the cellulose portions were cal-
culated on the assumption that the weight increases shown in
Table XI reflect substitution of carbanilate groups in the
cellulosic component alone. The results are shown in Table XII,
together with calculations showing the expected nitrogen contents
of the products based on the weight increase data.

Table XII Data on Carbanilated Products

Time of Calc. Wt. Inc. DS Nitrogen
periodate of cellulosic Calct calec.*
oxidation component (%)
(days) (%)
5 155 2.11 9.64
10 163 2.22 9.84
15 166 2.26 9.94
20 169 2.31 10.11
30 180 2.44 10.41

*Calculated from weight increase.

Comparison of the nitrogen contents calculated from weight
increase data (Table XII) with the values found (Table XI) reveals
that the values found were higher than those calculated in all
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cages. The higher nitrogen contents found indicate that the
actual DS of carbanilate groups in the cellulosic components of
the products is somewhat higher than the calculated values shown
in Table XII from weirht increase data. The discrepancy can be
rationalized if it is asaumed that a small percentage of the
carbanilated sample is soluble in the ethanol used to isolate the
products from the pyridine reaction mixture and is therefore lost,
giving a low value for weight increase. The data suggest that
oxidation of the dry-cured material for 10 days or more has opeiled
up the cross-linked polymer network sufficiently to permit car-
banilation of all the free hydroxyl groups. Further oxidation did
not result in a significant rise in the weight increase data or

in the nitrogen content of the products on carbanilation.
Apparently the carbanilation of TMM cured samples is readily
carried to completion if the structure has been opened up by an
oxidation-reduction treatment prior to carbanilation. The com-
plete carbanilation of a dry cured QM-4 sample without prior
degradation, however, appears to be impossible under these con-
ditions, and if the rather involved degradation treatment is to be
avoided,a new method of carbanilating these resin-treated samples
must be established. It has been reported by Burkus [36] that
triethylenediamine (TED) can be used effectively as a catalyst

for the carbanilation of simple alcohols. In addition to TED as

a catalyst, new solvent systems were investigated, and it appeared
that dimethylsulfoxide (DMSO) was most promising as a solvent for
the carbanilation of cellulose.

The results of a carbanilation treatment using TED as a
catalyst and DMSO as a solvent are shown in Table XIII for un-
treated cotton duck and wet-cured resin-treated cotton duck.

In about 30 minutes the cotton duck samples went into solution,
forming a thick viscous gel and, as the weight increases in

Table XII indicate, the reaction is almost complete after one hour,
with little change occurring if the reaction time is extended to
48 hours. The resin-treated samples did not go into solution,
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Table XIII. Carbanilation of Cotton Duck and Wet-Cured,
Resin-Treated Cotton Duck in DMSO at 50°C in
Presence of TED

Sample Reaction Weight Nitrogen DS* Resin
time increase content based content
(hrs) (%) (%) on wt. (%)
Cotton duck 1 214 2.91
2 232 3.16
4 224 8.00 3.04
16 224 7.97 3.G4
48 212 2.88
Wet-cured
cotton duck 0 0 4.43 0 9.6
2 181 9.12 2.71 9.3
L 214
16 215 9.33 3.18 8.4
48 204

* . . . .
For substitution with phenylisocyenate only.

but did show considerable swelling. At the conclusion of the
reactions, about 10 ml of DMSO were added to the solutions in
order to decrease the viscosity of the gels. The resulting
solutions were then poured into warm ethanol and a white
precipitate formed which was extracted in a Soxhlet apparatus
overnight. It appears that under these mild conditions the
carbanilation of cotton duck, as well as cotton duck that had
been resin-treated by a wet-cure process, can be accomplished
guentitatively in a *'clean' reaction, as the nearly theoretical
DS values indicate. There appears to be a small loss ir resin,
which might be incompletely reacted witnh the cellulose, but which
could not be removed after curing because of its molecular size.
After clmost complete carbanilation the fiber structure is

essentially destroyed, and resin which is not covalently bound to
the cellulose can be separated.

If the resin treatment was imparted by a dry-cure process,
the carbanilation of free hydroxyl groups is considerably more
difficult to accomplish, as the data in Table XIV indicate.

- O e
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Table XIV. Carbanilation of Dry-Cured TMM-Treated
Cotton Duck in DMSO in Presence of TED

Temperature Reaction Weight Nitrogen DS* Resin
e time increase content <ed content
(hrs) (%) (%) « It (%)
0 0 7.3 L 15.8
50-55 2 18.4
24 64.7 8.27 1.01 12.9
48 61.3 8.89 0.98 15.4
73 24 145 9.25 2.24 11.9
48 150 9.38 2.30 12.5
72 156 9.52 2.54 12.9
(without phenyl- 72 8.5 6.88 16.2
isocyanate}
88 2 100
6 152 9.94 2.45 15.5
24 186
48 178 9.65 2.76 12.5
(without phenyl- 48 9.0

isocyanate)

* . . .
For substitution with phenylisocyanate only.

This could be attributed either to the higher degree of cross-
linking obtained by a dry-cure treatment which przvents the fiber
structure from opening up during carbsnilation, or to the con-
centration of resin near the surface of the fiber which could
provide a diffusion barrier for the phenylisocyanate. The data
in Table X1V indicate that there appear to be limiting levels

of substitution depending on the reaction temperature. All

these samples were shaken vigorously during the entire reaction
period. Again, independent of the reaction temperature, =2
certain asmount of resin apparently is lost during the reaction.
At the highest temperature used so far a level of substitution

is approached which corresponds to the theoretical degree of
substitution of 2.83. This theoretical value is obtained from

a DS of 0.17 for the substitution with resin,which was calculated
under the assumption of a b‘“unctional reaction of the resin
monomer with cellulose and is, therefore, probably too high.

B e e et
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k. Hydrolvtic Removal of Bound Resin

The next step in the sequence of reactions is the removal of
the bound resin in order to make available the regenerated hydroxyl
groups for subsequent methylation. Removal of the resin is
sccomplished by heating the carbanilaced OR-QM*4 samples in 95%
dioxane which is 9.01 N in HCI. A hydrolysis time of & hours at
100°C and a liquor ratio of 100:1 were found to be optimum. If
insufficient acid was used,neutralization resulted during the
course of reaction and hydrolysis did not go to completion. Free
amino groups can arise in the resin portion of the sample during
the hydrolysis, which could account for the observation that the
HCl was neutralized when 10 or 30 ml of solution per gram of
material was used. During the hydrolytic removal of the resin the
major part of the sample becomes soluble, this portion containing
mcst or all the cellulose, whereas the insoluble fraction seems to
consist mainly of resin. The inscluble resin portion of the
product obtained by the usual procedure was subjected to total
acid hydrclysis. The hydrolyzate was investigated after neutral-
ization by gas chromatography, and the presence of glucose could
not be detected. Therefc.e the cellulosic portion of the sample
must have been entirely solubilized, and it is probable that all
of the resin-cellulose bonds were broken by the treatment.

The products obteined after hydrolysis (6 hours) of 1.39 g
of carbanilated (10 hours) material were recovered as 0.065 g
(L.7%) of insoluble product and 1.134 g (82%) of soluble material
recovered by precipitation with water. The latter sample was
further fractionated by precipitation into ethanol as follows:

Dissolved in 1) ml of dioxane and added to one l. of
ethanol, there was precipitated 0.598 g (53%). The ethanol
filtrate was concentrated to 20 wl i.v. and a further 0.046 g (4%)
was deposited when the solution was kept at 0°C overnight. The
clear filtrate was added to one 1. of water which precipitated
0.464 g (41%). Total recovered, 98%.




The infrared spectra of the two major fractions were very
similer, and the results of nitrogen analyses showed 5.96% in the
ethanol insoluble fraction and 7.68% in the ethanol soluble
fraction. The similarity in the infrared spectra and the
nitrogen analyses indicate that the difference in these two
fractions may be one of molecular weight alone. The ethencl
insoluble material gives a solution of noticeably greater
viscosity in dioxane or in chloroform than a comparable solution
of the ethanol soluble material.

S. Methylation of Regenerated Free Hydroxvl Groups

Methylation of the regenerated hydroxyl groups was initially
attempted by using methyl iodide and sodium hydride. 1t was
learned, however, that a migration of carbanilate groups results
when methyl-3,4,6-tri-0-(phenylcarbamoyl)-a-D-glucopyranoside (I)
is methylated using this procedure. The product thus obtained
was shown by thin layer chromatography to consist of several
products with different migration rates. This methylation pro-
cedure has therefore been abandoned and the Kuhn [37] methylation
technique (silver oxide and methyl iodide in dimethylformamide
solution) has been adopted and proved suitable. Complete
methylation of (1) was achieved without concomitant migration of
carbanilate groups. This was proved by gas chromatographic
analysis of the product obtained on methylation.

Reductive removal of the carbanilate groups afforded a
chromatographically pure product. Hydrolysis of the glycusidic
methyl group gave a rroduct showing only two peaks having the
same retention time; .s the a- and 8-anomers of 2-0-methyl-D-
glucose. Therefore ro migration of carbanilate groups was in-
dicated during the methylation by this procedure, and it can be
assumed thet the same would be true in the case of partially
carbanilated cellulosic samples.

The soluble, carbanilated, cellulosic portions of the
samples resulting from the mild acid hydrolysis of resin were
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.nerefore methylated according to the method of Kuhn. Isolation
of the products was accomplished using the procedure described by
Bouveng [35] involving precipitation of the product into an
aqueous-ethanolic solution containing excess potassium cyanide,
after the excess of methyliodide had been removed in vacuo. Two
Kuhn methylations (48 hours reaction time each) afforded a pro-
duct which did not show O-H or N-H absorption in the infrared
spectrophotometer, showing that methylation was complete. Yields
ranged in the order of 80-90%.

6. Removal of Carbanilate Groups

The methylation of carbanilate groups which occurs in the
previous step of the reaction sequence increases the resistance
of this protective group to alkaline hydrolysis. The reductive
removal of carbanilate g:oups with lithium aluminium hydride [38]

occurs smoothly within a few hours, as pointed out by Bouveng [35].

Method - Approximately 3 mg of sample were weighed into 4 ml pyrex
test tube and 0.5 ml of anhydrous dioxane and 3 mg of lithium
aluminium hydride were added. The tube, protected with & drying
tube, was hested at 99°C in a water bath for 6 hours, with per-
iodic replacement of dioxane lost by evaporation. The dioxane
was aillowed to evaporate to dryness in vacuo, and the sample was
then submitted to total hydrolysis.

7. Total Hydrolysis

Total hydrolysis of the partially methylated cellulose was
carried out by adding 72% sulfuric acid (4 ml per gram of
starting material) to the residue and keeping it overnight at
room temperature. The mixture was then diluted tenfold with
water and refluxed for 6 hours. The cooled hydrolyzates were
neutralized with BaCOs., the filtrate was evaporated in vacuo,
and the sirup was then investigated chromatographically.

K
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CHAPTER 1IV. SEPARATION AND IDFNTIFICATION OF
METHYL DERIVATIVES BY GAS LIQUID CHROMATOGRAPHY

1. Synthesis of Authentic Samples

Since positive identification of the separated methyi-
glucoses can only be accomplished by comparison with authentic
derivatives, it was necessary %o synthesize derivatives which
were not available from other sources.

A. 4-0-Methyl-D-Erythritol

Anhydroglucose units substituted by a resin component at
the primary (C6) hydroxyl would be cleaved by periodate at the
secondary hydroxyls and would be recovered in the final hydrolyzate
as 4-O-methyl-D-erythritol. An authentic sample of that compound
was synthesized from cellulose by the scheme shown in Figure 6.
Advantage was taken of the specificity of the triphenylmethyl
(trityl) ether group to block the primary (Ct¢) hydroxyl group.

The secondary hydroxyls were then carbanilated to give I1I. Removal
of the trityl group by treatment of II in chloroform solution with
hydrogen chloride gave II1I. The 2-0-phenylcarbamoyl cellulose was
methylated with metnyl iodide and sodium hydride giving IV, and
reductive removal (lithium aluminium hydride) of the carbanilate
groups gave 8 water soluble product, 6-O-methyi cellulose. This
product was characterized after hydrolysis by paper chromatography
and paper electrophoresis [3%], which showed that 6-0-methyl-D-
glucose was the predominant component. The synthesis of 4-0-
methyl-D-erythritol from 6-0O-methyl cellulose was accomplished by
periodate oxidation followed by sodium borohydride reduction ana
hydrolysis to give a mixture of 4-0O-methyl-D-erythritol and glycol
aldehyde; the latter compound was reduced to ethylene glycol by

a second reduction with sodium borohydride.

B. Synthesig of 1-C-Methyl-D-Erythritol

The compound 1-O-methyl-D-erythritol was reported in
1959 by Goldstein, Hamilton and Smith [40] after its isolation
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from periodate oxidized and borohydride reduced amylopectin.
The crystalline tri-O-p-nitrobenzoate derivative was described.
A synthesis of authentic 1-0-methyl-D-erythritol has not been
reported. In the present work the compound was synthesized
starting with methyl-4,66-0-benzylidene-a-D-glucopyranoside (1)
{(41) as follows:

l HoBrig
¢
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] Chai CN!Q“ i
hi4 ‘ H* m
cHO CH.OCH, Crz00H,
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Periodate oxidation of I furnished the known [42] hydrated
derivative II, m.p. 143-145°, [alp +62.8° (c 0.5, pyridine).
Reported [42] for 1I: m.p. 143-144°. Reduction of 1I with
sodiur borohydride gave a crystalline product (from water) 111
having m.p. 51-53° and {a};‘ -3.7 (C2, CHCly). Analysis cal-
culated for C, (H,,0: C, 59.15; H, 7.04. Found: C, 58.83;

H, 7.18%. This product gave a crystalline (from ethanol) di-
carbanilate derivative m.p. 167-168° [aly -68.55° (C2, CHCl,),
after treatment with phenylisocysnate in pyridine seolution.
Analysis calculated for C,qHyoO0sNya: C, 64.37; H, 5.75; N, 5.37.
Found: C, 64.01; H, 5.94; N, 5.22%.

Mechylation of 11! was accomplished by the procedure of Kuhn
{37] and the reaction wvas shown by gas-liquid (GLC) and thin-
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layer chromatography (TIC) to be completed after 20 hours of
shaking at room temperature. The isolated sirupy product was
purified by distillation in high vacuum and had {a]S‘-Sh.15°
(C1, CHCl;). Analysis. Calculated for C,gHg,0-: C, 61.54;
H, 7.69. Found: C, 61.53; H, 7.80%.

1-0-methyl-D-erythritol (V) was obtained by hydrolysis in
two stages of the benzylidene and the 1,2-dimethoxyethyl groups
from IV. Compound IV (4.8 g) was refluxed one hour in 50 ml
¢.3 N sulfuric acid. The cooled solution was extracted twice
with chloroform, neutralized with barium carbonate and the fil-
trate concentrated iﬂ vacuo to a sirupy product. After a second
hydrolysis (one hour reflux) in 9 ml of 1 N sulfuric acid and
isolation of the product as above, the product V was further
purified. The 2-methoxyacetaldehyde was eliminated after treat-
ment with sodium borohydride to reduce it to 2-methoxyethanol.
This volatile product was removed by storing the mixture at 50°C
in vacuo for three days. The GIC showed a single peak (tri-
methylsilyl ether derivative) at 16.2 minutes using the GLC
procedure which will be described later. Analysis: Calculated
for CgH,,0,: C, 44.12; H, 8.83; molecular weight: 136. Found:
C, 42.81; H, 8.63, molecular weight: 145,

A crystalline tricarbanilate derivative VI was prepared from
the sirupy product V by treatment with phenylisocyanate in the
ususl way and had m.p. 220-221° and [a];‘ +15.8° (c 0.5 pyridine).
Analysis. Calculated for CyeH,-0-Ny (VI): C, 63.29; H, 5.48;

N, 8.52. Found: C, 63.05; H, 5.70; N, 8.32%.

The structure of 1-O-methyl-D-erythritol (V) was proved by
treatment with sodium periodate. The material should consume
two moles of periodate with the generation of one mole of formic
acid. ‘The structure and its purity were confirmed when it was
found to consume 1.98 moles of periodate (15 min) and 2.1 moles
(15 hr) with the production of 1.03 moles of formic acid. The
compcunds 1-O-methyl-D-erythritol and 1-0O-methyl-L-erythritol
cannot be separated by gas chromatography and both can be used

for identification purposes.
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C. 6-0-Methyl-D-Glu- ose

Hydrolysis of the 6-O-metihyl cellulose previously de-
scribed furnished 6-G-methy!-D-glucose. The major product
obtained was found to have the expected [39] mobilities when
studied by paper cnromatography and electrophoresis.

D. 2-0-Methyl-D-Glucose
A new synthesis of 2-0-methyl-D-gluccose was developed

which is an improvement over existing methods [43,44]. The
compound methyl 2-0-[(benzylthio)carbonyl]-a-D-glucopyranoside
has been described [45], and it was shown that the (benzylthio)-
carbonyl group, CgHgCH,S-CG-,can be removed under mild conditions
which do net disturb other ester groupings. That compound,
therefore, serves as a cenvenient precursor to 2-0-methyl-D-
glucose.

The 3,4,6-tri-0-benzoate and tri-O-phenylcarbamate derivatives
of methyl 2-0-[{(benzylthio)carbonyl;j-a-D-glucopyranoside were
prepared and the (benzylthio)carbonyl group was removed oxidative-
ly [46] to furnish methyl 3,4,6-tri-O-benzoyl-a-D-glucopyrenoside
end methyl 3,4,6-tri-0-phenylcarbamoyl-a-D-glucopyranoside. The
former of these compounds has been described [42) and its
structure proved;‘ The latter, which had meiting point (m.p.)
249-251° and [2]lp +112.0° (acetone), gave a mono-acetate de-
rivative (m.p.) 212-214°, [al}" +103.0° (CHCly) and a mono-
benzoate (m.p.) 215-217°, [z}2* +118.9° (CHCl,). Methylation of
the tribenzoate or tricarbanilate derivative using silver oxide
and methyl iodide was foilowed by removal of the benzoate or
carbanilate groups by reacticn with barium oxide in methanol.

Hydrolysise gave a product which was chown by paper electrophoresis

to be comprised solely of 2-0O-me~hyl-D-glucose.




- 32 -

E. 3-0-Methyl-D-Glucose

An eauthentic specimen of the compound 3-C-methyl-D-
glucose was prepared in the usual way [47] by using as a pre-
cursor 1,2-5,6-di-0-isopropylidene-a-D-glucofuranose. Methylation
of the latter followed by acid hydrolysis of the isopropylidene
groups provided 2} O-methyl-D-glucose.

2. Separation of Methylglucoses by GLC

One of the problems that arises in the gas chromatographic
analysis of organic compounds is possible thermal degradation at
the temperatures required to assure complete compound voletiiiza-
tion on irject? and subsequent to movement of the products on
the GC column. Sugars and their derivatives are known to be
especially sensitive to high temperatures and tend to form
anhydrides in addition to fragmenting to form aldehyde degrada-
tion products [48,49]. Where the objective is the quantitative
estimation of products,essentially complete volatilization of the
injected semple, without significant degradation, is required.
Neely et al. [50] used methylglucosides rather than the original
glucose derivatives, and in general these compounds have been
used beceause of their greater volatility. 1In 1963 Sweeley and
co-workers {51] developed a method for the quantitative estimation
of glucose derivative which made use of the even more volatile
trimethyl silyl ether derivatives. A considerable amount of werk
in this investigation was done using methylglucosides until
finally the method of Sweeley et al. [51] was adopted for the
separation of the methylglucoses.

A. Separation Using Methyl Glucosides

Gee and Walker [52] have compared the resolution of
methyl tri-C-methyl-D-glucosides (trimethyl glucosides) on
three different pola., liquid phases. These authors found the
best resolution using neopentyl glycol succinate as the liquid
phase with Carbowax 20M as intermediate, and diethylene glyrol
succinate as the poorest. Jones and Perry [53] found that an
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equal mixture of a polar polyester (butanediol succinate) and a

non-polar grease (Apiezon M) gave a satisfactory separation of
glucosides, whereas Neely, Nott and Roberts [50) obtained good

separation of the methyl gluccosides, obtained from the hydrolysis
of methylated cellulose and subsequent methanolysis of the glucose

derivatives, on a column containing 25% of a polar polyester
IAC-2R-446 (polydiethyleneglycopentaerythritol adipate) and 2%

phosphoric acid as tne liquid phase on the 8-100 mesh Chromosorb¥

as the solid support.

The work of Neely, Nott and Roberts [50] was felt to be the
most complete and pertianent to the present study. Accordingly,

one series of columns was made similar to that used by these

workers according to preparative prccedures described by
Metcalfe [547. A known mixture containing (1) methyl 2,3,4,6-
tetra-0-methyl-D-glucoside, {2) methyl 2,3,6-tri-O-methyl-D-
glucoside, and (3) methyl 2,3-di-0O-methyl-a-D-glucoside in

chloroform was used fcr testing.

In Table XV the experimental

conditions and instrument settings are shown. The results ob-

tained are shown in Table XV1 along with column characteristics.
Although reasonable separation was achieved, the peaks tended to
be quite small and the resclution was not as good as that shown

in the literature [50; even though samples of comparable size

were injected.

Tatle XV. Experimental Conditions and Instrumant Data

Neely, Nott &

Roberts 50: TRI
Instrument aerograph F & M 500
Hi Fi 600
Injection port,
T(°C) 24G 240
Carrier gas nitrogen helium
Gas flow 69 cc/min
Detector fleme ionization thermal con-
ductivity
Inlet pressure {psi) - 30 30
Run condition A isothermal isothermal
Column temperature, ‘C  200-210°C 200°C

S ek

.-
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Table XVI. Ccmparison of Columns and Retention
Data on Methyl Glucosides

Column Description Glucoside Reteution Time (mins)
No. length Dia. % Liq. Tetra- Trimethyl D methyl
(ft) (in) phase* me thyl (2,3-d41)
23 2 1/4 25 2.8 L.7 8.4
2L z 1/4 10 1.3 2.5 3.7
22 3 1/8 25 1.8 3.8 5.6
27 i 1/8 25 2.3 5.4-6.9 no peak
Lit*x 1 1/8 25 - ca 1.5 ca 3.0
Lit.** 3 1/8 25 ca 3.0 ca 5.5-7.0 ca 17.0

* IAC-2R-446 was the liquid phase plus 2% HgPO,. The solid
support was acid washed Chromcsorb W,

> Neely, Nott and Roberts [50].

Another series of columns, prepared with Hal~>ort F, a
perfluorcarbon, as the solid support and featuring some of the
other liquid phases previously mentioned, is described in
Table XVII. The columns were test>d with & mixture of metlyl
§ lucosides derived from the hydrolysis of the same mwethyiated
cellulose material (Dow Methocel, DS 1.86) used by Neely, Nott
and Roberts [50]. Haloport F was used as the supuort so thsat
water solutions of the glucoses and glucosides could be used,
since water is superior to chloroform as a solvent for the entire
range of methylated products. Haloport F is a poor ausorbant for
water, so that water emerges from the column quickly and as a
sharp peak, whereas Chromosorb W holds water tenaciously resulting
in tailing, thus obscuring some of the peaks. The methylated
cellulose samples (DS 1.86) were hydrolvzed in 72% sulfuric acid
according to the method of Monier-Williams [55] and Croon and
Lindberg [56]. The hydrolysis products, glucose and methyl glu-
coses, were conv-rted tc the methyl glucosid:s by a standard
methanolysis procedure [57] involving refluxing the products in
27 methanolic HCl for &4 hours followed by evaporation to dryress




Table XVII. Gas Chromatographic Columns

__Liquid Phase

No. Compound % Llength Dia. Operating
(in) 1limit,T(°C)
18 carbowsax 20M 3 12 ft 1/4 245
19 Neopentyl glycol
succinate 3 22 in 1/4 245
20 &
21 Carbowax 20M 3 22 in 1/4 245
28 1AC-2R-L46 3 2 ft 1/G 225
29 Butanediol
succinate plus
Apiezon M 6 2 ft 1/4 215

and solution in a known amc¢unt of water. This treatment causes
the C-1 position to be methylated. A comparison of the chromato-
grams shows general similarity but Carbowax 20M (polyethylene
glycol) appeared to coffer the best balance and resoluticn of
iscmers, i that only in the case of this liquid phase were three
distinguishable peaks found in both the dimethyl and monomethy”
glucoside region. Therefore, this liquid phase was selected for
further study.

In Figure 7 are shown the results obtained on a much lenger
column (12 ft.) The separation has been greatly improved by
lengthening the column. and peak resolution has been enhanced.

One drawback in the long column is that the a-methyl-D-glucoside
representing the unmethylated glucose comporent has a much longer
retention time than any of the methylated glucosides.so that =
shorter column may be required to effect rz2liable detection and
measurement of this compound.

In the gas chromatographic separation of mevhyl glucosides
Neely et al. [50] used an injec .ion port temperature of 240°C,
and a column temperature of 210°C. The same injection port

temperature has ! :en used previously in this work, but a column

. R BEBNE
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temperature of 245°C was used to achieve the removal and separation
of the monomethyl glucosides. In order to elucidate the effect of
injection port temperature, the methyl glucosides of the hydrolysis
products from methyl cellulose (DS 1.86) were chrcmatographed using
injection port temperatures of 150°C, 200°C and 300°C with column
temperature programming from 100°C to 245°C. The results, shown by
the chromatograms in Figure 8, indicate that as injection port
temperature increases a number of small peaks appear before the
peaks for trimethyl glucoside, thus revealing the incidence of
volatile, low molecular weight compounds. When the injection port
temperature is st 150°C, these appesr to be negligible but at 300°C
several sign:ficant peaks are observed accompanied by considerable
base line displacement. However, at the intermediate temperature
of 200°C fewer and smaller peaks appear and the base line is well
maintained. Sample volatilization was checked by raising the in-
jection port temperature to 250°C at the conclusion ¢f a run and
making another run without adding further sample. The results of
this procedure showed some ssmple was not being volatilized at
150°C, but that at 200°C only trace amounts of products were found.
These results indicate that the maximum injection port temperature
should no: exceed 200°-210°C for best results.

B. Separation Using Silyl Derivatives

The results obtained to this point indicated that the
identification (inclusion of known compounds in the unknown
mixture) and determination of the hydrolysis products of metnylated
cellulnse in the form of their methyl glucosides can be achievei
via gas chromatography. The method introduced by Sweeley [51],
however, which was published in 1963 appeared to be preferable.

As mentioned above, this technique makes use of the trimethyl
gilyl derivatives which are readily prepared by adding hexamethyl

disilazane and trimethylchlorosilane to the sugar in pyridine
solution. An F & M Model 500 gas chromatograph, equipped with a
12-foot coitumn of 4-inch 0.D. alumirum tubing packed with 6%




cn,m:, CH0CP3
ccl A —a

OH n gz OH
1 ¢ NCo

CHgOH CH20CH,

o HCI/CHCI3 AQ ©
OCNHO 7 —=%, NHO °9
m  OGNHé . oﬁmm

)
lcw.mu
CHZOCH3 CHa0CH,

0
FO\-0 LiAHy ‘“ro_‘
¥ e Kow )
@m ! n
IIN\g z OH
p A Y

6-0-methyl celiulose

CHyOCH; CH,OCHy

Nal °
OH
o n CHO
NaBHg
OH
e . GHR0CHy
H COH cHsoh D H
i + -—
H COH CHaOH
: 2} NaBH, C clon
Cl“zms mzc‘i

4-0-methyl- D-erythritol

Fig. 6. Synthesis of 4-0-Methyl-D-Brythritol via 6-0-Methyl
Cellulose.

T by bl

ey




;
: TR! METHYL GLUCOSIDES
! ™ 4
;
i
: 1
3
DI METHYL GLUCOSIDES
7
{5
<
* 6
5
MONO METHYL. GLUCOSIDES
8
9 0
] |
0 0 20
TIME (minufes)

ISOTHERMAL CONDITIONS ~ 245°C

Fig. 7. Gas Chromatogram Showing Separation of Methyl Glucosides.
(Col. 18: 3% Carbowax 20M on Haloport F)




WATER

0C5 DMLTHM. GLUCOBDES

NJECTION PORT TEMP - 50°C

—¥

WATER
SRR b A AR

PUECTION PORT TEMP-200°C

- 1 1 A S Ny N
¢ © 20 30 © N
I‘l“ VETRYL
= SLICTSTES o e
SIECTON PORT TOW- 300°C
W
» e - H A =
? . © . LZ) TIME {wrnutes, é t
o0 50 200 FZ3) GOTHERMRL

TEMPERATURE (*C)

Fig. 8. Gas Chromatograms of Methyl Glucosides (Derived from
Mathylated Cottcon Cellulose, DS 1.86) Showing the
Effect of Varying the Injection Port Temperature.

(12 ft. Col. - 3% Carbowax 20 M on Haloport F)

.
© L LY s




e g

— e e

A B0 A T D IS N M s - ta e st 2 e i o e

e owe

L H 1

|

TMM DRY-CURE
ERYTHRITOL
O~ GLUCOSE
e
%" (P-GLUCOSE
3-0-METHYL- X ﬁ
2-0- METHYL- [l
e 4 i |

i H t

6 R

Fig. 9.

O

24 30 36 42

RETENTION TIME - MINUTES

i

12

]

TMY  DRY-CURE
BOROHYNRIDE-REDUCED

ERYTHRITOL
/ GLuciToL ~

0-GLUCITOL

6-0-METHYL -
D-GLUCITOL ~—_

Jul_——>y

i8 24 30 36

2-O-METHYL + 3-C-METHY

Gas Chromatogram of Products of Total Hydrolysis.

{

|
|

1

|

Fig. 10.

] 1 i
RETENTION TIME —~ MINUTES

Hydrolysis Products.

Gas Chromatogram of Glucitol Deriva.ives of Total




T e s A

- 37 -

G. E. Silicone 0il 52 (liquid phase) on hexamethylene disiiane
pretreated 80 mesh Chromosorb (solid support), was used. The
experimental conditions were as follows:

carrier gas helium

flow rate 60 cc/min .
injection port temp. 220°C |
colunn temp, programmed heating to 180°C

heating rate 4°C/min

detector temp. 270°C

Figure 9 shows a GLC chromatogram of the total hydrolyzate from
the dry-cured sample which had been periodate oxidized for 20 days.
A GIC chromatogram of the methyl glucitol derivatives obtained by
borohydride reduction of the dry-cured sample (oxidized 15 days)
is shown in Figure 10. All the peaks indicated were identified
using the known addition method. The presence of 6-O-methyl-D-
glucitol indicated in Figure 10 could not be confirmed in later
experiments, end ail substitutions of resin at the carbon 6-
hydroxyl is represented by the 4-O-methyl-erythritol peak, which
appears just prior to the erythritol peak with a retention time
of about 17 minutes.
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CHAPTER V. APPLICATION OF DERIVATIVE FORMATION
AND CHROMATOGRAPHIC SEPARATION METHODS

The experimental method for determining the extent and the
position of covalent bonding between methylolmelamine resins and
cotton cellulose was discussed in the previous chepters. This
method was essentially followed to yield the results which will
be reported in this chapter. Minor modifications in method will
be mentioned at the appropriate place. The following samples
were studied:

(1) T™M Wet-Cured Cotton Duck (QM-3)

x Periodate oxidation, 10 days; 108 moles of pericdate con-
sumed per 100 anhydroglucose units (see Fig. ll). According to
the determination of unoxidized anhydroglucose units, 95% of
these units have been oxidized. After borohydride reduction,
94% of the material was recovered of which 67% was insoluble in

water. Only the insoluble fraction contained nitrogen (5.26%)
and was therefore investigated further.

(2) T™M Dry-Cured Cotton Duck (QM-4)

Periodate oxidation, 15 days; 65 moles of periodate consumed
per 100 AHG units (see Fig. 4). According to the determination of
unoxidized AHG units, 53% of these units have been oxidized. Only
1.2% of the sample wes soluble in water after borohydride re-
duction and consequently the nitrogen content of the insoluble
fraction was almost unchanged (7.37% Nj)

(3) Aerotex - M-3 Dry-Cured Cotton Sheeting

Cotton sheeting (80 x 80) was dry-cured with methylated
trimethylolmelamine (Aerotex resin) in the usual pad, dry

(4 minutes st 80°), and cure {4 minutes at 1l40°) manner [3].
The treated product, containing 4.77% nitrogen (9.36% resin),




was periodete oxidized, 33 moles of periodate being consumed per
100 anhydroglucose urits asfter 10 days. Some of the properties
of this dry-cured mesterial are reported in Table XVIII.

Table XVIII. Properties of Aerotex M-3 Treated
fDry Crre) Cotton

Sample Moisture Regain Wrinkle Recovery
(%) (W+F deg)
Dry Wet
Control 7.2 149 154
Resin-treated 5.5 286 276

The results of gas chromatographic analysis of the products
obtained after the final total hydrolysis (carried out with
0.02 N HC1l) and borohydride reduction are compiled in Table XIX.

Table XIX. Substitution in Methylated Cellulose
Products from Resin-Treated Cottons

Percent of Component

Component Aerotex M-3 TMM Colloid Arigel C
dry cure dry curz wet cure
D-glucitol 50.0 21.7 10.4
Erythritol 20.3 62.4 85.4
2-0- & 3-O-methyl-
D-glucitol 20.8 8.5 1.6
4-0-methyl-erythritol 9.0 7.3 2.5

The separation of 2-0- and 3-0O-methyl-D-glucitol was not
possible under the conditions employed. Ordinarily the ratio
of these two compounds could be obtained from the chromatograms
of the reducing products resulting from hydrolysis prior to
borohydride reduction. However, although a gas chromatographic
analysis was carried out fo: these products, the assignment of
peaks representing the several anomers of the monc-{0-methyl-D-
glucoses could not be made with confidence. The DS value of

R
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the Arigal C wet-cured sample, shown in Table XX, has been
corrected for the fact that only the insoluble fraction
(67%) was investigated.

Table XX. Fraction of Material Oxidized as Revealed
by Periodate Oxidation, Glucose Analysis and
Subsequent GL Chromatog: phy

Resin Treatment
Arigal C TMM Colloid Aerotex M-3

wet cure dry cure dry cure
Periodate consumption,
atoms oxygen/100 AHG
vnits 104 68 48
Glucose analysis, % of
oxidized AHG units 95 53 -
% of AHG urits sub-
sequently found as
erythritol 88 70 29
Degree of substitution  0.030 0.158 0.298

A comparison of the fraction of the final sample present in
the rform of oxidized anhydroglucose units {(erythritols) to that
of intact glucose units (glucitols), as revealed in the gas
chromatograms of the final hydrolyzates, and to the values ex-
pected from the periodate consumption data of the materials
studied is shown in Table XX. The results of glucose analyses
are included for comparison.

1. Studies on DMM and TMM Dry-Cured Print Clo:ch

The cotton sheeting (80 x 80) samples which were dry-cured
with pure TMM and DMM as reported above were subjected to two
successive periodate oxidation treatments in fabric form.
Duplicate samples were treated with one molar excess of 0.2 M
Nal0O,. One sample was recovered when the periodate consumption
reached 40 moles per 100 AHG units at which time the rate of
consumpticn appeared to be accelerating. These samples were
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then reduced with borohydride. Oxidation was continued with the
second sample until 75 moles of periodate per 100 AHG units had
been consumed. Portions of the former ramples were subjected to
a second treatment with pericdate, basing the amount of periodate
used on the AHG contents of the once-oc.ridized products as shown

by analysis.

As shown by the oxidation curves in Figure 12, the TMM sample
reacted initially somewhat more readily than the DMM, the two
samples requiring 16 and 21 days, respectively, to consume 40
moles of periodate per 100 AHG units. An increasing rate of
periodate consumption then followed with each of the samples.

The samples recovered and borohydride reduced after 16 and 21 days
for the ™M and DMM msterials, respectively, also responded to the
second oxidation treatment in a similar menner, the two samples
consuming a total of ca 100 moles periodate per 100 AHG units
after an additional 4 days of oxidation. After the intermittent
borohydride reduction, periodate oxidation occurs at a much faster
rate, as shown in Figure 12.

Analytical data obtained for the six products after boro-
hydride reduction are compiled in Table XXI. The percent of
nitrogen found in the water-insoluble fraction is shown together
with the percent of AHG units oxidized. The latter was calculated
after analyzing the hydrolvzed insoluble fractions for percent of
glucose as determined from the ratio of peak areas representing
the trimethylsilyl ether derivatives of erythritol and glucose in
gas-liquid chromatograms. A correction for the unidentified,
two-carbon fragment glycolaldehyde was included. These values
represent the total sample, assuming that the water-solulie por-
tion of the products contained oxidized cellulosic materials only.
The weight percent of insoluble product found experimentally is
also shown. The fracticn of insoluble produc’ expected, cal-
culated from the percent nitrogen found in that portion and
assuming that all the resin is contained therein, is shown in

the last column.




p)

Table XXI. Anealysis of ‘MM and UMM Dry-Cured Samples
(Insoluble Fractions) after Oxidation-Reduction

Sample
and Oxida- Periodate MNitrogen AHG*
no. of tion consumed found, % units Insol. Fraction**
treat- time (moles per (insol. oxidized wt. %
ments (days) 100 AHGU) fraction) (%) found calc'd
™M (control) 6.02
1 16 39 6.08 17 92 39
1 25 75 7.17 36 82 84
2 16 + 4 94 6.40 S4 85 94
DMM (control) 7.05
1 21 42 7.24 23 95 97
1 29 74 8.22 34 88 86
2 21 + 4 100 8.43 73 73 83

* Based on glucose analysis of insoiuble fraction.
** Calculation based on percent nitrogen found in insolublie fraction.

The portion of insoluble products found genersally agreed
well with the calculated values in the case of the samples
oxidized orly once. Whenr compared to the periodate consumption
data, glucose contents of the insoluble products showed tha: the
secondary oxicdation reaction had occurred to an appreciable ex-
tent during the relatively long oxidation times required. Extend-
ing the oxidation time from 16 and 21 to 25 and 29 days for the
T™M and DMM samples, respectively, approximately dcubled the
percent of AHG units oxidized. The fraction of cellulose becoming
soluble after reduction was also approximately dcubled. Inter-
mittent reduction resulted in a sharp increase in the fraction of
cellulose oxidized when followed by 4 days of additional oxidation.
The observation that the insoluble fraction found after the two
oxidations was ca 10% less than the value calculated from the
nitrogen contents of the insoluble products may mear. that some of
the resin was contained in the soluble fracticns of the twice-
oxidized samples. This point will be clarified in future wcrk.
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™M and DMM samples osxidized for 16 and 21 days, respectively,
together with the pecrtions oxidized after reduction for an
additioral &4 days were c(reated with excess phenyli isocyanate
(sealed tube) for 16 hours in a boiling water bath. The resulting
weight increase data and nitrogen contents of the products are
shown in Table XXII.

Table XXI11. Date from Carbanilation and Hydrolysis
Trestments cf Oxidized TMM and DMM Samples

Sample & Carbanilarion Hydrolysis of Resin
oxidaticn Jt. inc. Nitrogen Insol. Sol. Nitrogen
time %) %) (%) (%) %, sol,
(days) fraction

™M

16 176 10.09 13 65 8.15
16 + & 196 10.14 12 64 §.34
DM

21 184 10.55 15 65 8.21
21 + &4 19¢ 16.72 14 52 8.49

The carbanilated products were hydrolyzed in 0.05 N HCl
(95% aquecus dicxane) for 18 hours. The soluble fractions were
precipitated into a large excess of water, the percent of sample
thus recovered bteing shown in Table XXII together with the
nitrogen content of the soluble fracticn. As seen from the data,
a significant pcrtion of the sample was not precipitared by
warer. That fraction must consist of very low molecular weight
fragments arising from the oxidized-reduced reginsns of the
cellulose. If the hydrclytic remcval of the resin is accomplished
with acid of a lgwer concentration (0.02 N HCl), the fraction that
cannot be precipitared in water at this point is considerabiy
smaller as can be seen in Table XX11I, which shows vields and
nitrogen contents ror samples with periodate oxidation times
similar to the ones reported in Table XXII.
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Table XXIII. Mild Acid Hydrolysis of Carbanilated
™M Products

Sample Yields Nitrogen Content (% )
oxidation time insol. sol. to:zal insol. sal.
days (%) (%) fraction  fraction
16 12.4 82.9 g95.3 13.90 7.30
16 + 4 16.8 76.2 93.0 22.13 7.82
24 3.5 84.4 87.8 19.37 8.43
24 + 9 3.2 88.8 92.0 20.53 8.61

An undersetanding of the nature of the fractions remaining
insoluble during the mild acid hydrolysis experiments has posed
a problem of considerabie importance from the beginning of these

studies. The nitrogen contents cf those fractions have generally
teen of the order of 20%. Fuily carbanilated cellulosic materisls

are calculated to contain ca 8% of nitrogen, and the insoluble

products must therefore contain an appreciable amount of material
derived from the melamine, TMM containing 50.9% ot nitrogen. The

insoluble fractions described in Table XXIII were also examined
by x-ray diffraction techniques, powder diagrams being obtained
using a Debye-Scherrer camera. 1In addition to considerable
scatter representing amorphous material, the presence of arcs
having spacings identica. to those of native cellulose were ob-
served in the insoiuble residue specimen, showing that
uncsrbanilated, crystalline cellulose is present .n those
residues. This was confirmed when completely carbanilated
cellulose gzave only the scatter of an amorphous material after
prolonged exposure.

2. Periodate Consumption of Weathered Samples

Prelimiaary results suggested that periodate oxidation
could provide a sensitive index of chemical structure changes
involving resir degradation. Therefore a series of TMM resin-
treated samples,exposed to outdoor weathering for different
periods up to 21 months, were obtained from the Natick Labora-
tories and was subjected to pericdate oxidation for 8 days
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in the fabric form. The periodate consumpticn data obtained are
shown in Tacle XXIV and the data from representative samples are

plotted in Figure 13.

Table XXIV. Periodate Oxidation of Weather-Exposed
T™MM Dry-Cured Cotton Duck

Exposure Atoms Oxygen/100 AHG Units with
time increasing oxidation time (days)
(mos)
1 2 3 4 5 6 7 8

0 19 27 32 38 41 43 L6 60
2 30 36 Lb4 60 78 100 124 157
4 35 43 61 88 98 117 135 158
6 38 s1 73 99 107 122 136 156
8 39 56 73 94 105 121 134 151

10 45 5¢ 87 165 116 120 131 146
12 L2 62 86 107 112 118 130 148
14 4y 62 84 103 199 il8 130 144
16 g 66 91 106 107 115 122 136
18 55 73 °1 104 104 110 117 126
21 35 71 88 98 102 107 114 122

As shown in Figure 13, the initial oxidation rate increased
dramatically with increasing exposure time. As exposure reached
the finel 21 mcnths the rate of oxidaticn became indistinguish-
eble from that of untreated cotton fabric. and the ‘resisrance”
to periodate oxidation exhibited by T™MM dry-cured samples had
been completely lost.- When the periodate oxidetion time had
reached about the 5th day, the situation began to be reversed
until vlrimately the final periodate consumption values decreased
with increasing time of exposure. This reverzal in periodste
consumption can be attributed tc ihe occurrence of the secondary

* In all cases cotton treated with melamine resins by dry-curing
processes have shown a resistance tc pericdate cxidation, i.e..
a major portion of the cellulose which has been shown not to be
involved in bonding with resin will react with periodate only
after intermittent borchydride reducticn or with the (ccurrence
of an extensive secondary oxidation reaction.
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oxidation reaction customarily observed with TMM-treated cotton.
The nitrogen contents of the samples are shown in Table XXV,

and thcse decreased with increasing exposure time. The secondary
oxidation reaction is not observed with cotton cellulose, and
therefore must involve the resin in some way. The decreasing
resin content of the samples exposed longer would thern explain
the decreasing rate of oxidation after the 5th day, when the
secondary reaction becomes important. Wrinkle recovery (warp
direcrion) values obtained on the weathered samples are also
shown in Table XXV. The original resin treatment resulted in
an increase in dry wrinkle recovery (warp direction) from 67°
(cotton control sample) to 116°. This improvement in wrinkle
recovery had be2n almost completely lost during exposure for
only 4 months, and after 10 months the fabric showed no
cigniticant difference in wrinkle recovery from the untreated

cotton.

Selected samples were reduced with borohydride for sub-
sequent analysis and pertinent data obtained are shown in
Table XXVI. The fraction of rample remaining insoluble after
borchydsride reduction is shown together with nitrogen and

Table XXV. Analysis of TiM Dry-Cured Cotton Duck
after Different Weathering Exposure Times

Exposure Time Nitrogen Wrinkle Recovery
months (%) (warp) degrees
0 7.30 116
2 4. 43 101
4 L.o¢ 84
6 3.87 83
8 3.84 82
10 3.42 74
12 3.40 79
14 2.93 79
1€ 2.46 76
18 1.78 73
21 1.21 -

Cotton control - 67
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Table XXVI. Analysis cf Inscluble Fractions after
Oxidation-Reductrion of Weathered Samples

Insoluble Fracrtion

Weight %
Exposure Found Caic d AHG Units Nitrogen, %
time from remaining initial insol.
montts = N (%) fraction
0~ 92.0 - 47 7.30 7.20
2 66.8 65.6 20 4L.b3 6.75
4 63.0 64 4 14 4.09 6.35
8 8.3 68 .4 19 3.84 5.61
12 58.0 64 8 15 3.40 5.25
18 none - 3 1.78 -

*These data, taken from Progress Report No. 5, pertaining
to the unexposed dry-cured material oxidized for 10 days,
are included fcr comparison,

glucose analyses of those fractions and the expected insoluble
fracticn calculated from the nitrogen ccntents. Considering

the marked increase in the initial rate of periodace con-
sumption with conccmitant loess in wrinkle recovery as exposure
time increased, the water insclubiiity of the product after
borohydr ide reducticn remained remarkabiy high through 12 months
of exposure., After cnly 2 months exposure the insoluble fraction
had dropped from 997 (nc expusure) to 677, and this value hoad
droppec only another 9% afrer 12 mxnths expusure. After re-
duction of the 18 mcniths exposed sample it was not possible to
recover an insoluble fracticn by filtration, the sample being
aimost completely scluble in water. Nitrogen snalyses showed
thet the resin was ccntained in the insoluble fracticn of the
prcducts when the values fcund were used tc calculate the ex-
pected welght pexcent of insolubie fraction, and the resulcs
agreed generally with tne weight percent of insoluble fraction
found.

The gradual loss cof "resistance " to periodate oxidation

and of wrinkle recovery wh:ch are observed with increasing
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exposure time could be attributed to a breeking of effective
chemical crosslinks during exposure. These samples have been
noted [58) to show a gradually increasing solubility in
cuprammonium hydroxide with increasing exposure time until
complete solubility was reached after 14 months exposure.
These results suggest that periocdate oxidation might serve as
a useful method for gaining informaticn regarding the
degradative reactions occurring during exposure. In the
periodate study the significance of the plateau between 2 and
12 months in the solubility vs exposure time curve as compared
te the gradual increase in cuprammonium solubility with in-
creasing exposure time during that period might provide an
insight into the nature of the incident actinic degradation.
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CHAPTER VI. MICROSCOPIC INVESTIGATIONS

A microscopic investigation of varns removed from treated
fabrics was undertaken in order to obtain information about
the distribution of resin among the various fibers in _hs yarn.
Since the yarns do not retain sufficient scrength after
oxidation for mounting for a microscopic investigation, they
were carefully removed from the r2sin-treated fabrics (TMM
dry-cured cotton sheeting) prior to oxidation. Analytical data
obtained on the szparated warp and filling yarns from three
fabric sasmples are compiled in Table XXVII.

Table XXVii. Data on Warp and Filling Yarns
Remcveu from TMM-Treated Cotton Sheeting
and Cotton Sheeting Control

Warp Nitrogen Moisture  Filling Nltrcgen Moisture

wt, %> % ~ regain%* wt.% ** **  regain %' *
T™MM-
treated 56.55 7.23 5.86 43.45 6.65 6.05
Control 57.52 - 6.36 42.48 - 6.36

* Warp yarns
** Filling yarns

In all the samples tested the warp yarns, hesvier than the
filling yarns, were found to contain a small but significantly
greater proportion of resin, based on nitrogen contents. The
moisture regein values of the warp yarns were redaced further
from the cotton control values. The fact that the warp showed
a relative weight loss of 1% on resin treatment, in spite of
having a larger proportion of resin based on nitrogen, probadly
results from a removal of sizing during an alkali scouring
treatment given the fabric before resin treatment but omitted
in the cotton sheeting control.
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Periodate oxidation curves obtained on the warp and filling
yarns in solutions buffered at pH 5.2 are shown in Figure l4.
After an induction period of 2-3 days, the reacticn proceeded
smoothly to the llth day without evidence of appreciable over-
oxidation. Subsequent cxidations for 3-day intervals showed a
reduced reaction rate. A comparison >f the relative oxygen
consumption by warp and filling yarns does not reveal significart
differences.

Microscopic Examination of Treated Yarns

Microscopic examination of 3 to 6u cross sections of yarns
of the different reaction products was accomplished by phase
cuntrast microscopy. When possible, the yarn was morunted on an
aluminum supporting frame and embedded in polymethacrylate or
epoxy resins by conventional techniques [59]. When a reaction
causes a severe loss of yarn strength, it becomes necessary to
carry out subsequent reactions on previously mounted yarns.
Untreated control cotton yarns from the fabric and yarns oxidized
during thre2 successive treatments (Figure l4) were embedded in
methacrylate for examination. Photomicrographs of typical cross
sections are shown in Figure 15. The majority of the fibers in
the yerns maintain their identity through the first two oxidation
treatments, although evidence of dissolution of portions of some
fibers is spparent in C. After the third oxidation many of the
fibers have lost the smooth contour of their outer surface, and
in some instances it appears that only fragments of given fibers
remain. Some fibers remain, however, that appear to be unchanged
by “he exidation and reduction treatments.

The phenomenon sometimes called the “methacrylate explosion')
in which a fiber immersed in methacrylate becomes erormously ex-
panded in size during the polymerization process, uas been known
for several years [60,61]. As demonstrated by the photomicro-
graphs in Figure 15, dry cotton fibers do not expand in size

when embedded in methacrylate. However, recent work in the
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TRI laboratories has shown that when esterified cotton fibers
are embedded in methacrylate in the dry state, they undergo an
expansion in size up to two orders of magnitude. Thus, it has
been possible to appraise qualita.ively the uniformity of an
esterification reaction among the numerous fibers in a cotton
yarn. The "metharrviate explesion'” phenomenon is demonstrated
by the photomicrographs in Figure 16. Cotton yarns were

swollen at 5°C in 10% sodium hydroxide and solvent exchanged

to the desired embedding medium. A cotton varn thus embedded

in an epoxy resin is shown in E, the fibers raving the customary
appearance of a cross section of a cotton yarn in its natural
state. A portion ~f an identically treated yarn embedded in
methacrylate is seen in F,where an enormcus swelling has occurred
and separation of the lamellae of each fiber is distinctly
visible. Based on the work of Dlugosz [60], who used dissolution
techniques for the cellulose and the polymethacrylate in turn on
cross sections similar to those in F, it may be concluded that
the lighter areas of this picture correspond to the cellulose.

A cvross section of a portion of a yarn from cotton sheeting
benzoylated to DS 1.4 is seen ir . This pho*tomicrograph
demonstretes the swelling which results when esterified cotton
is embedded in methacrylate. Evidence for the separation of
celiuvlose growth layers, or lamellae, is aga'n apparent although
iess distinct than in the alkali-swollen fibers seen in F.

The oxidized and reduced samples shown in Figure 15 were
mounted on aluminum frames, placed in sealed pyrex tubes con-
taining anhydrous pyridine and phenyl isocyanate and carbanilated
for 24 hours at 100°C to insure complete reaction. The specimens
were carefully removed, wached thoroughly with ethanol, and
dried. 1t can be expected that portions of the carbani’ated
products were lost in this way since it has been found that
carbanilated products are recovared in high yield only when pre-
cipitated into aqueous ethanol, which was not possible in this
instance. The carbanilated yarns were embedded in poly-
methacrylate, and views of two typical cross sections are seen
in Figure 17,
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Photomicrcgraphs H and I demonstrate two distinctly differ-
ent situations. Several fibers in the yern have undergone the
swelling characteristic of esterified fibers. Many other fibers,
however, appear identical to those in Figure 15 which show the
same oxidized samples prior to carbsnilastion. The samples
oxidized two and thres times prior to carbanilation are seen in
pictures J and K, L and M, respectively. Although evidence of
texploded' fibers, or portions of fibers, 1s abundant, a few
fibers remain wicich are clearly unaitered even after the three

oxidation treatments.

As descrited earlier, x-ray diffraction results and nitrogen
analyses show that the insoluble residues after the mild acid
hydrolysis reaction are comprised of a large propertion of resin
and some crystalline cellulose. Therefore, even in the case of
highly oxidized samples, a small portion of the sample was not
carbanilated. This small insoluble residue is logically asso-
ciated witi the fibers seen in these photomicrographs, since a
failure of certain fibers to carbanilate would result in a
failure of those fibers to undergo the explosion in polymeth-
acrylate. Two identical fibers would not be expected to respond
in & grossly different way to the carbanilation treatment, and
since the samples only partially react with sodium periodate in
tha first instance, it is reasonable to assume that the dis-
tinction arises frem the oxidation reaction. Taken together,
these observations indicate that some fibers in the treated yarns
contain enough resin to render them highly resistant to periodate
oxidation. Although the carbanilated fibers seen in Figure 17
have undergone a large swelling, nowhere is a clear separation
of the lamellae visible, as is distinctly clear in the swollen
cotton sample and the benzoylated yarn seen in Figure 16. This
situation may be due to the presence of effective chemical cross-
linking of the lamellae of the fibers by the TMM.

An understanding of the gross effect of Smith degradations
(periodate oxidation followed by borohydride reduction) is
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prerequisite for a complete chemical analysis of the location
and distribution of resin-substituted groups. A microscopical
examination of the course of the periodate attack, within and
among the resin-treated fibers, was therefore performed.

Cotton print cloth (80 x 80) was treated with pure T™M and DMM
resins following the Berard [3] dry-cure method tc yield samples
with low resin contents (6.9% ™M and 7.6% DMM). A cotton duck
sample, obtained from the U. S. Army Natick Laboratories, wet-
cured by the Arigal C process (9.0% resin) was also used in the
study.

Yarns separated from the treated fabrics were oxidized with
1 M excess of 0.2 M sodium periodate solution buffered at pH 5.2
followed by borohydride reduction. This procedure was repeated
three times. At each stage during the Smith degradation treat-
ments fibers were removed from the yarns, mounted in water, and
photomicrographs were prepared using transmitted light. The
water was then removed by blotting, and was replaced by cadoxen
[62], and photographs were taken again after 20 minutes. Changes
in fiber appearance occurred after that time only in the cases of
the DMM and Arigal C control samples. Periodate consumption data
and oxidation times, as well as the solubility of fractions during
reduction, are shown in Table XXVIII.

Table XXVIII. Periodate Oxidation of Melamine-Formaldehyde
Dry- and Wet-Cured Cotton during Successive Smith Degradations

Sample Cure Successive Moles Fraction of
oxidation periodate/ sample sol.
times, hrs 100 AHG units during

reduction, %

™M dry 47 29 i2
(6.9% resin) 51 65 28
46 60 ca 70

DMM dry 47 25 10
(7.6% resin) 51 64 24
46 70 72

Arigal C wet 41 35 62

(9.0% resin) 81 67 6.
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Photomicrographs of fibers from the TMM, DMM and Arigal C
samples are shown in Figures 18 to 20, respectively. In-
csolubility in cellulose solvents has been used commonly as a
criterion of cross-linking in chemically modified cellulose.
The DMM and Arigal C samples, contrary to the TMM sample,
exhibited pronounced swelling at intervals along some fibers
after 20 minutes in cadoxen. This swelling was more pronounced,
involving most fibers in the sample, «rfter 2 hours in cadoxen.
The aldehyde groups formed by periodate cleavage in cellulosic
fibers lend high sensitivity to alkaline degrada“ion. The
oxidized regions of fibers degrade rapidly in cadoxen, which is
0.35 N in sodium hydroxide, while fibers not oxidized would
appear unaltered. The first oxidation treatment clearly pen-
etrated all the fibers in the DMM and TMM samples as shown by
the extensive degradation which occurred in cadoxen. This

would not necessarily be expected in view cf the fact that only
on: in five anhydroglucose units was oxidized during the

treatment.

Little or no swelling in water was evident after the
borohydride treatment. Reduction of the aldehydes to alcohols
confers alksali stability to the modified cellulosic fibers.
Most fibers showed appreciable swelling and all fibers remsined
intact in cadoxen after the reduction. The Arigal C sample
exhibited far more pronounced swelling than the dry-cured
samples, reflecting marked differences in the nature and/or
the extent of cross-linking. Following the second Smith
degradation, fiber appearance of the dry-cured samples followed
the same general pattern exhibited after the first treatment.
Some swelling in water had become evident after the reduction
step; attention should be called to the nonrerresentative fibers
which appeared unswollen in cadoxen after that reduction.
Significant portions of the samples (28 and 24%, respectively,
for T™MM and DMM) dissolve during the reduction step.
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In view of the fact that the LMM and TMM samples consuined
] 60 and 70 moles, respectively, of periodate during the third

cxidation treatment, the chemical .tability to alkali observed
when the fibers were examined in cadoxen was unexpected. No
evidence of fiber degradation was “ound with either sample.

" Portions of some fibers in tlie Arigal C sample also exhibited

E alkali stability after each of two oxidation treatments. At no

point, however, was ccmplete retention of fiber form observed

in the case of the wet-cured sample. The retenrion of total
fiber integrity in cadoxen can only be explained by the

formation of high uniform levels of conversion to the alkali-
stable, modified cellulose during the first two Smith degradations.
This degraded cellulose, known to be water soluble, must be
cemented together ty resin bridges, providing cadoxen stability
and insolubility.

During the reduction step of the third sequence of re-
actions, a drastic change in the physical state of the dry-cured
samples occurs. (This change resulted after the seconu Smith
degradation with the Arigal C sawple.} As a whole, the samples
lose their fibrous nature almost compietely and become highly
swollen, gelatinous wmaterials which are recovered after drying
as horny residues. Approximately 70% of each sample dissolved
in the reducing medium, showing that extensive degradation had
occurred. This degradation is indicaved to be something other
than alkaline degradation, since the oxidized fibers appeared
stable in cadoxen. Since these photographs were taken, it has
been observed that fiber segments are clearly visible micro-
scopically after the reduced products are swollen in warer
overnight. The intact fibers appearing at this high level of
oxidation probably resisted oxidation by periodate and were not
apparant after earlier stages of oxidation due to nonrepresenta-
*ive sampling. These fiber residues are probably associated
with those which were not swollen by cadoxen after the second
Smith degradation.




The insoluble residues encountered after acid hydrolysis
treatments of carbanilated samples can probably be correlated
wizh the intact fibers seen to resist three Smith degradations.
X-ray diffraction patterns revealed the presence of unmodified
crystalline cellulose in those residues, and it was estimated
previously that they cumprise up to 20% of the original
cellulose and 50% of the total resin in certain samples. Before
definitive analyses of the location and distribution of sub-
stituent groups can he accomplished, a means of incorporating
these resistant fibers into a suitable analysis scheme must be
accomplished.

The sharp con... ~t between wet- and dry-cured samples in
cadoxen following sejuential Smith degradations is indicated
to provide a rapid and convenie¢nt method for establishing the
nature and the extent of cross-linking in celluloss. The
retentionr of a swcllen, fibrous form in cadoxen following the
third oxidatioi: treatment shows clearly that the modified
cellulose in ‘he fibers is cemented together by resir. cross
links. Examination by these techniques is indicated to provide
a rapid method for assessing any cellulose chemical treatment
for uniformity and effectiveness of covalent cross-linking.
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Fig. 14. Periodate Oxidation of TMM-treated Cotton
Sheeting, Buffered at pH 5.2.
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Photomicrographs of Oxidized-reduced Yarns from
T™MM-treated Cotton Sheetings (A) unoxidized; (B)
one oxidation treatment; (C) two os;idation treat-
ments; (D) three oxidation treatments.
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Photomicrographs
Demonstrating Fiber
"Explosion” in Poly-
methacrylate. (E)}
alkali-~swelled,

mounted in epoxy

resin; (F) alkali-
swelled, wmocunted in
methacrylate, (G)
benzoylated (D.S. 1.4)
wounted in methacrylate.




Fig. 17.

Photomicrographs of Yarns at Different Oxidation
levels after Carbanilation (H,I) one oxidation

treatment; (J,K) two oxidation treatments; (L,M)
three oxidation treatments.
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Fig. 19. Fibers from DMM Dry-Cured Fabric, in Water and in
Cadoxen, after Sequential Smith Degradations.
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CHAPTER ViI. DISTRIBUTION OF RESIN »UBSTITUENTS
ALONG THE CELLULOSE CHAIN

1. Scolubility Studies on Degraded Resin-Treated Cellulose

One aspect of the problem of the distribution of resin
and resin substituent groups in the cellulose lies in de -
termining the fraction of the cellulose molecules involved in
such bonding and their location in the cotton fiber. If that
portion of cellulose not involved in bonding could be physically
separated from that which is bonded. the problem of the dis-
tribution along the individual cellulose macromolecules would
be simplified. Although cotton fabri<s treated with melamine
resins by dry-curing processes are completely insoluble in
cellulose solvents {11, it has been found that periouate
oxidation followed by reducticrn renders considerable portions

ol the cellulose saluble in cadoxen.

Numerous solvents for cellulose are widely used, but the
solvent cadoxen sppears to nave several distinct advantages
over others, including the following: 1) it is easily prepared
and it is stable during storage at room temperature, 2) the
solution is transparent before and after the cellulose is
dissolved, 3) oxidative degradation of cellulose is generally
negiigible, end 4) the cellulose is readily regenerated from
solution. Cadcxen consists of a8 solution of cadmium oxide
(5% C4) in 28% aquecus ethylenediamins which is ¢.35 N in
sodium hydroxide. A cadoxen solutior was prep:red according
to the method of Henley [63] and was found to dissolve cotton
linters or yarns readily. The oxidized TMM samples were treated
with -he solvent for 24 hours at room temperature. The in-
socluble porticons, still having the appearance of intact yarns,
were removed by filtration and the scluble portions were
revovered by the addition of a small quantity of concentrated
ti1 to the filtrate. Data cobtained from the solubility ex-
veriments are compiled in Table XXIX.
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Table XXIX. Solubility of Oxidized-Reduced
™M Yarns in Cadoxen

Sample Nitrogen Cadoxen Nitrogen Resin® Resin**
oxidation of yarns insol in insol found calc’'d
time (days) (%) wt (%)  fraction(%) (%) (%)
Warp

none# 7.01 104.5 6.57 - -
none 7.10 - - - -
11 7.02 78.7 8.39 16.48 17.73
11+3 7.28 64.7 9.75 13.16 22.11
11+3+43 €.53 43.1 16.77 32.95 29.75
Filling
none# 6.27 104.2 6.22 - -
none 7.03 - - - -
11 7.02 78.4 9.29 18.25 17.58
1143 6.87 67.6 10.26 20.16 19.96
11+3+3 6.58 3.1 19.35 38.02 37.94

+*
++ Besed on nitrogen content of insoluble product.
Based on weight of insoluble product assuming all resin was
contaired therein.
These yarns wevre taken from a different fabric.

The resason for the small increase in weight of unoxidized
yarns treated with cadoxen is not clear. As the oxidation level
increased, an increasing porrticn of the sample became soluble
in cadoxen. After three oxidation creatments the filling yarns
were only 34.1% insoluble compared with 43.1% of the warp yarns.
This difference is consistent with the observation that the
warp yarns contain a slightly larger prcportion of resin than
the filling yarns (see Table XXIX). The resin content in the
inscluble fraction was calculated from the nitrogen contents.
Assuming that all tre resin remains insoluble, the percent of
resin expected, based on the wzight percent remaining insoluble,
was also calculated. The values obtained were similar to tnose
calculated from nitrogen content data and show that virtually
all of the resin is in the insolublc portion of the sample.

The insoluble residues remaining after the mild acid
hydrolysis treatment of carbanilated TMM products (Table XXIII)




were found to contair high proportions of resin.

(V)
\O

Combined

evidence of the x-ray diffraction and the photomicrographs

suggest that they represent primarily cellulose fibers which
If it is

had not responded to the pericdate treatments.

assumed that the resicdues are comprised of resin and cellulose

only (no carbanilated cellulose or carbanilated resin), the

percent of the resin and cellulose in the original sample

appearing as this insoluble residue can be calculated. In view

of the large weight increases resulting from the carbanilation

treatment, a small residue from the acid hy'rolysis assumes

considerable importance if comprised of cellulose and resin only.

Some calculations are compiled in Table XXX.

Table XXX. Calculated Percent of Original Cellulose
and Resin Remaining in Insoluble Residues

after Mild Acid Hydrolysis

Sample Insol. Resin in®~ Original Original Resin to
oxid. residue,% of residue resin cellulose cellulose
time carbanilated (% (%) (%) ratio
(days) product remaining
none - 11.7 - - -

16 12.4 27.3 69.8 24 .6 2.84
16+4 16.8 43,5 56.5 18.4 3.70
none - 11.6 - - -

24 3.4 38.1 30.1 8.0 3.76
24+9 3.2 40.3 21.8 6.4 3.41

2

Based on nitrogen content.

The ratio of resin to cellulose from the original sample
found in the insoluble residue is of the order of 3.5. Con-

sidering, for example, the sample oxidized a total of 20 days,
the data suggest that 56.5% of the original resin remains and
is associated with 18.4% of the original cellulose.
the sample oxidized for 33 days gave e residue containing 21.8%

of the resin associated with 6.4% of the cellulose.

Finally,




A

..60..

S T RRARATT TR e T

These data indicste that the first mild oxidation treatment
modified 75.4% of the cellulose, permitting its subsequent
carbanilation, tut that this major fraction of cellulose was

associated with only 30.2% of the total resin. As the oxidation
is continued to higher levels, the ratio of resin to cellulose

in the diminishing insoluble residue is essentially unchanged

(ca 3.5), indicating a uniformity of distribution of resin in

the 24% cellulose not reacted with periedate in the first instance.

[

2. Solubility Studies on Cellulose with Lower Resin Content

Cotton sheeting was cured with di- and trimethylolmelamine
(DMM and TMM) to provide products having ca 7% resin add-on.
Properties of these fabrics are compared in Table XXXI with those
used previously, with higher resin add-ons, treated under

identical drying and curing conditions.

Table XXXI. Properties of Resin-Treated Cotton Sheeting

Resin Resin Moisture Wrinkle Recovery (W+F)**
add-on* regzin % dry wet
6.8 5.24 302 293
M 11.7 5.71 287 294
7.4 5.24 290 283
DMM 12.7 - 278 280

Cotton

Control - 7.15 134 169

* -
++ Based on nitrogen content.
Mean of 6 determinations by the Monsanto test method.

Cadoxen treatment of the yarns from the resin-treated fabrics
resuited in ne significant weight loss from either the DMM or
T™M samples. The cadoxen-treated yarns consumed periodate at an
appreciably faster rate, however, particularly in the case of
the DMM sample (Fig. 21). Oxidation of yarns from resin-treated




fabrics for only 4 days, followed by borohydride reduction and
cadoxen treatment, gave products which oxidized very rapidly
but smoothly during a second oxidation treatment for 4 days.

In all cases,the additional pericdate covsum~rd by the cadoxen-
treated samples was consumed during the first day,after which
the rates of oxidation were similar to those of samples not
treated with cadoxen. Warp yarns generally tended to consume

a significantly greater quantity of periodete than the filling
yarns. DMM warp yarns treated with cadoxen oxidized to an
appreciably greater extent than the filling yarns. A sample
oxidized and reduced only was also reoxidized for comparison.
These results clearly show that cadoxen treatment has a pro-
rounced effect on the cellulose in these resin-treated samples,
undoubtedly involving decrystallization, to provide a product
which then responds very satisfactorily to periodate oxidation.
After two oxidation periods for 4 days, with intermittent boro-
hydride reduction and cadoxen treatment. slightly more than
100 moles of periodate were consumed per 100 AHG units.

Solubility data obtained concurrently during the several
treatments (see Fig. 21) are shown in Table XXXII. Wi:h each
operation the weight percent of sample taken, which became
soluble, is shown together with the percent of resin remaining
in the insoluble fraction based on nitrogen contents. Oxidation
for 4 days caused 2-3% of the product to become saluble in water
during reduction. A second oxidation treatment caused only an
additional 3.3 - 5.6% of the sample to dissolve. Significant
differences appeared when the once oxidized and reduced samples
were treated with cadoxen. About 147 of the DMM samples dis-
solved in the solvent compared to 6% of the TMM ssamples.
Reoxidation of the cadoxen-treated samples, resulting in the
rapid consumpticn of periodate, gave products from which large
fractions dissolved in water during borohydride reduction.
Again, more cf the DMM sample dissolved than the T™™M. A final
cadoxen treatment of this product dissclved about 75% of the
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Table XXXII. Weight Percent of TMM- and DMM-Treated
Cotton Yarns Soluble after Oxidation-Reduction

and Cadoxen Treatment

Resin-Yern Samples

Soly. ¢f Treated Samples and
resin content ** of insol. residues

Treatments Water Resin Cadoxen Resin
no. resin yarn* oxid.-red.% cado¥en soly. % % soly. % %
W 0 6.94 0.6 | -
. g o | 7.5 | 0.3 ! -
L W none 0 ~7 1.6
MM F 0 6. 30 0.6 -
T™MM W 2.3 6.98 5.9 6.23
9 F oxidized 4 days & 3.1 7.82 6.0 6.85
DMM W reduced 2.1 7.20 14,1 7.92
F 2.3 4.45 13.7 8.10
W 4.2 5.99 - -
3 ™M F twice oxidized 3.3 6.61 - -
DMM W L4 days & reduced 5.6 7.92 - -
F 4.9 7.28
W 0.4 5.73 -
L ™M F (1) cadoxen 39 6.70 - -
DMM W (2) oxidized 4 days & 16.5 5.53 - -
F reduced 14.3 5.22 - -
i
my W (1) oxidized 4 days & . 33.0 8.70 64.8 111.96
2 - F reduced 33.2 9.23 76.0 11.57
DMM W {2) cadoxen 56.8 16.48 75.6 16.29
F (3) reoxid. 4 days & 43.8 : 14,91 74.0 |20.54
reduced

* W - warp; F - filling.
** Resin percent of insoluble residues based on nitrogen contents.

reduced sample. The fractions of the original sampies recovered
after two oxidation-reductions, with the subsequent cadoxen

treatments together with the respective resin contents, are
shown in Table XXXIII. Although the insoluble fractions re-
covered after each operation in the series become increasingly

richer “n resin, the percents of original resin recovered show
thet 1

Ze proportions of resin are associated with the soluble
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fractions. This fractionation of resin between the insolubile

and soluble fractions occurred almost entirely during the last
oxidation reduction and ca:doxen treatments. The data also show
that 22-40% of the original resin remains in the final insoluble
residue comprised of only 12-22% of the original sample. The
L4-day oxidation periods used in conjunction with caedoxen treat-
ments represent relatively extensive modifications of these
materials. For the purpose of providing cadoxen soluble fractions
for molecular weight studies to define substituent group dis-
tribution in the cellulose, milder oxidation conditions could br
used to provide additional cellulose fractions prior to the onset
of resin loss.

Table XXXIII. Resin Contents of Sample Residues after
Two Oxidation-Peduction and Cadoxen Treatments

Resin Content, % Origingl Sample Orig. Resin
untreated treated % vremaining % remaining
6.94 11.96 21.7 37.t
7.5 11.57 14.6 22.4
ca 7.0* 16.29 16.3 ca 24 *
6.30 20.54 12.3 40.1

* - 3
Estimated on the basis of values from other comparable samples.

3. Molecular Weignht of Soluble Cellulose Chain Segments

If not bouded by resin, chain segments produced by
cleavage (probably random) during borohydride reduction are free
to pass into cadoxen solution. The fractions soluble in cadoxen
after 4 days of oxidation were isolated and found to contain no
nitrogen. Viscosity measurements were made in cadoxen solutions
at 20.1 ¥ ,01°C. Intrinsic viscosities, [-], of 1.62 and 1.43
for the soluble fractions from DMM warp ané filling yarnms,
respectively, were obteined by extrapolation of the specific
viscosities plotted against concentration, shown in Figure 22.
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The following equation was devcioped by Henley [62] for
degree of polymerization (DP) determination of cellulose in
cadoxen from viscosity measurements:

- 078

[n) = 2.5 x 10 e

where wa = average DP. Neglecting at present any different con-
tribution to viscosity of those anhydroglucose units in the
cellulose modified by periodate oxidation, use of this equation
gives average DP values of 260 and 220 for the cadoxen-soluble
fractions from DMM warp and filling yarns, to a first approximation,
respectivaly.

Specific viscosities in 0.5% solutions of the comparable
soluble fractions from warp and filling yarns from the TMM samples
were 1.29 and 1.30, respectively. Comparison of these values
with those obtained with DMM samples (Fig. 2) indicates that the
DP of the soluble chain segments from the TMM samples is somewhat
less than those from the DMM yarns. Assuming similar extrapols-
tion curves for [7n] determination, DP values of 180 are obtained
for the TMM soluble fractions using the equation of Henley. These
data indicate that the method outlined above can serve as a means
for a very rough estimate of the distribution of substituent
groups in resin-treated cellulose. Partial periodate oxidation
followed by borchydride reduction affords cellulose chain segments
which can be dissolved in the cellulose solvent, cadoxen. These
segments represent sections of the macromolecule which were not
bonded to the resin in the early stages of oxidation, as
evidenced by the absence of nitrogen. To a first approximation
molecular weight determination showed an average DP of ca 240
for the fractions from the DMM rample and 180 from a comparable
TMM sample. It is thus seen that the materials contained
relatively long cellulose chain segments which were not bonded
by resin. A degree of substitution (DS) of resin of 0.1 signifies

a resin substituent group on the average of one in every ten
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anhydroglucose units. In the lighc of earlier DS determinations,
this is not an unreasonable minimum DS to expect. The isolation
of unsubstituted chain segments with a DP of the order of 200
therefore suggests that these produ-ts contain a very non-uniform
distribution of resin substituent groups.
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CHAPTER VIII. CONCLUSIONS AND RECOMMENDATIONS

The experiments which were conducted in connection with this
research program were designed to shed some light on the chemical
structure of the products resulting from the applicatica of
methylolmelaming resins to cotton materials under various curing
conditions. The main objectives were to develop an analytical
procedure to determine the degree of substitution of the resin
celiulose products, and to obtain information about the dis-
tribution of the covalent linkages between resin and cellulose
among the various hydroxyl groups of the anhydroglucose unit.
Essentially, these objectives have been accomplished although
there appears to be some doubt as to the reliability of the
quantitzative nature »f the data that were obtained. Some of
these results have been published {€4,65], and it can be said
with some confidence that covalent bonding occurs between the

methylolmelamine resin and cellulose.

The chemical analytical method which was developed for the
structural enalysis is essentially a replacement of the resin
substituents with methyl groups and analysis of the resulting
methyl glucoses. For this replacement reaction all free
hydroxyl groups of the resin-treated cellulose must be protected
by an exhaustive substitution. This exhaustive substitutien is
cne of the major problems of the method, and as a solutior to
the apparent lack o€ accessibility of certain hydroxyl groups,
the prior degradation of the cellulose by periodate oxidation
followed by borohydride reduction was chosen. The degradation
treatment, however, which was designed to open up the cellulose
structure sufficiently to guarantee quantitative carbanilation of
all free hydroxyl groups, apparently 1is not able to accomplish
this in regions of high resin content and, in addition, intre-
duces new problems connected with the solubility and quantitative
recovery of the degradation products. A new method of carbanila-

tion without prior degradation was developed at the end of this

P it




research program, and showed promising results. However, it was
not tested in conjunction with the complete structural analysis
due to lack of time. The degrees of substitution, as well as
the distribution of resin between the various hydroxyl groups of
the anhydroglucose unit which have been reported here, should
therefore be treated with caution, especially in the case of the
dry-cured samples, and it is strongly recommended that the
quantitative nature of the var.sus steps of the structural
analysis be reinvestigated.

The investigation of weathered resin-treated samples in-
dicated that periodate oxidation can he used as a sensitive index
of the structural changes occurring duv:ring resin degradation.
Phase contrast microscopy and solubility studies in connection
with Smith degradations have been found to providz & rapid method
for assessing any cellulose chemical treatment for uniformity and
effectiveness of covalent cross-linking. The solubility studies
on degraded resin-treated cellulose indicated considerable non-
uniformity of the resin treatment and, together with a molecular
weight determination, this can serve as a first attempt to gather
‘nformation about the distrilition of resin substituents elong
the cellulose chain. Since this distribution would seem to have
.mportant implications for the understanding of the mechanism by
which resin-treated cotton fabrics are protected against
microbial and actinic degradation, it is recommended that this
approacn be fully explored.




Lol

LY

10.
11.

12.

13.

14,

15.
16.
17.

18.

- 68 -

REFERENCES

Kempton, A. C., Rogers, M. R. and Kaplan, A. M., Am. Dyestuff
Rep. 52, 1¢ (1963).

Kempton, A. G. and Kaplan, A. M., Microbiological Deterioration
Series No. 7, Pioneering Res. Div., U. S. Army Natick
Laboratories.

Berard, W. N., Gautreaux, G. A. and Reeves, W. A., Textile
Research J. 29, 126 (1959).

Ruperti, A., Am. Dyestuff Rep. 50, 762 (1961).

Bricker, C. E. and Johnson, H. R., Ind. Eng. Chem. Anal. Ed. 17,
L00 (1945).

Monsanto Tech. Bull. No. 30-45 (December 1, 1947); ASTM
Standards on Textile Materials, L-1295-6CT, October 196i.

Reeves, W. A., Perkins, R. M. and Chance, L. H., Textile Research
J. 30, 179 (1960).

Gordon, J. J. and Steele, R., Textile Research J. 31, 100 (1961).

Schwenker, R. F., Jr. and Lifland, L., Textile Research J. 33,
107 (1963).

Murphy, C. B., Modern Plastics 37, 125 (1960).

Schwenker, R. F., Jr. and Beck, L. R., Jr., Textile Research J.
30, 624 (1960).

Schwenker, R. F., Jr., Beck, L. R.,Jr., and Pacsu, E., Paper
No. 42, Div. of Cell. Chem., Abstracts, 138th ACS Meeting,
New York, Seprember 1960C.

Schwenker, R. F., Jr. and Beck, L. R., Jr., J. Polymer Sci.,
Part C, No. 2, 331 (1963).

Q'Coanor, R. T., Dupre, E. F. and McCall, E. R., Anal. Chem. 29,
998 (1957).

Bulletin 990-9078, Perkin Elmer Corp., Norwalk, Conn. 1962.
Cleverly, B. and Hermann, R., J. Appl. Chem. 11, 344 (1961).

Lieng, C. Y. and Marchessault, R., J. Polymer Sci. 37, 385
(1959); ibid. 39, 269 (1959).

Steele, R. and Pacsu, E., Textile Research J. 19, 771 (1949).




it

19.

20.

21.
22.

23.

24,

25.

26,

27.
28.

29.

30.
31.

32.

33.

34,
35.

36.
37.
38.

- 69 -

Croon, I. and Manley, R. St. J. in '"Methods in Carbohydrate
Chemistry."” Vol. III Cellulose, R. Whistler, ed.,
Academic Press, N. Y. 1963. p. 274.

Zeisel, S., Monatsh. Chem. 6, 989 (1885); Viebreck, F. and
Brecker, €., Ber. 63, 3207 (1930).

Nickerson, R. F., Am. Dyestuff Rep. 39, P46 (1950).

Cooke, T. F., Dusenbury. J. H., Kienie, R. H. and Lineken, E.E.,
Textile Research Jj. 24, 1015 (1956).

Lineken, E. E., Davis, S. M. and Jorgensen, C. M., Textile
Research J. 26, 940 (1956).

Cooke, T. F., Roth, P. B., Salsbury, J. M., Switlyk, G. and
van loo, W. J., Textile Research J. 27, 150 (1957).

Cooke, T. F., Textile Research J. 24, 197 (1954).

Nevell, T. P. in "Methods in Carbohydrate Chemistry," Vol. III,
R. Whistler, ed., Academic Press, N. Y. 1963.

Davidson, G. F., J. Textile Inst. 31, T81 (1940).
Head, F. S. H., J. Textile Inst. 44, T209 (1953).

Abdel-akher, M., Hamilton, J. K., Montgomery, R. and Smith, F.,
J. Am. Chem. Soc. 74, 4970 (1952).

Muller, E. and Friedberger, O. Rer. 35, 2652 (1902).

Dische, 2., Shettles, L. B. and Osnos, M., Arch. Biochem. 22,
169 (1949); "Methods in Carbohydrate Chemistry,' Vol. I,
R. L. Yhistler and M. L. Wolfrom, Eds., Academic Press,
N. Y. 1962. p. 488.

Scott, N. D., Walker, J. F. and Hansley, V. L., J. Am. Chem.
Soc. 58, 2442 (1936).

Schwenker, R. F., Kinoshita, T., Beurling, K. and Pacsu, E.,
J. Pol. Sci. 51, 185 (1961).

Gilman, H. and McNinch, H. A., J. Org. Chem. 26, 3723 (1961).

Bouveng, H. O., Acta Chem. Scend. 15, 87 (1961); Bouveng,H.O.,
ibid. 15, 96 (1961). —

Burkus, Jchn, J. Org. Chem. 26, 779 (1961).
Kuhn, R., Trischmann, H. and low, I., Angew. Chem. 67, 32 (1955).

Gaylord, N. G., 'Reduction with Complex Metal Hydrides,"
Interscience, New York, 1956. p. 636.




NG B

PR T =]

40.

41.

L2,

43,

L4,
45,

46,
L47.
48.

49.
50.

Sl.

53.
56.
57.
58.

- 70 -

Foster, A. B., '"Advances in Carbohydrate Chemistry," 12,
81 (1957).

Goldstein, 1. J., Hamilton, J. K. and Smith, F., J. Am. Chem.
Soc. 81, 6252 (1959).

Freudenberg, K. Toepffer, H. and Anderson, C., Ber. 61, 1750
(1928). —-

Guthrie, R. D. and Honeyman, J., J. Chem. Soc. 2441 (1959);
'Methods in Carbohydrate Chemistry,' Vol. I, R. L. Whistler
and M. L. Wolfrom, eds., Academic Press, N. Y. 1962,

Haworth, W. N., Hirst, E. L. and Teece, E. G., J. Chem. Soc.
2858 (1931).

Ansell, E. G. and Honeyman, J., J. Chem. Soc. 2778 (1652).

Willard, J. J., Sadowski, J. and Vitale, W., Can. J. Chem. 41,
1223 (1963). —

Willard, J. J., Can. J. Chem. 40, 2035 (1962).
Irvine, J. C. and Scott, J. P., J. Chem. Soc. 103, 564 (1913).

Schwenker, R. F., Jr., and Pacsu, E., Ind. Eng. Chem.,
Chemical & Eng. Data Series 2, 83 (1957).

Pictet, A. and Sevasin, J., Helv. Chim. Acta 1, 87 (1918).

Neely, W. B., Nott, J. &and Roberts, C. B., Anal. Chem. 37,
1423 (1962).

Sweeley, C. C., Bentley, R., Marita, M. and Wells, W. W.,
J. Am. Chem. Soc. 85, 2497 (1963).

Gee, M. and Walker, H. G., Jr., Anal. Chem. 34, 650 (1962).
Jones, H. G. and Perry, M. B., Can. J. Chem. 40, 1339 (1962).

Metcalfe, L. D., Facts & Methods (F&M Scientific Corp. Bulletin)
2, No. 1 (1961).

Monier-Williams, G. W., J. Chem. Soc. 119, 803 (1921).
Croon, I. and Lindberg, B., Svensk Papperstidn. 60, 843 (1957).
Pigman, W., '"The Carbohydrates,' Academic Press, N. Y. (1957).

Erlander, S. R., Griffin, H. C. and Senti, F. R., Biopolymers
2, 327 (1964).




59.

60.
61.

62.
63.

64 .

65.

Broadfoot, H. H. and Schwartz, E. R., Textlile Research J. 18,
756 (1948).

Dlugosz, J., Polymer 6, 427 (1965).

Rollins, M. L., Moore, A. T. and Tripp, V. W., Textile Research
J. 33, 117 (1963).

Henley, D., Avkiv for Kemi 18, 327 (1961).

Henley, D., Svensk Papperstd. 63, 143 (1960); Donetzhuber, A.,
ibid. 63, 447 (1960).

Willard, J. J., Turner, R. and Schwenker, R. F., Jr.,
Textile Research J. 35, 564 (1965).

Willard, 3. J., Turner, R. and Schwenker, R. F., Jr.,
Textile Research J. 36, 1051 (1966).




Yommlmmemd &2 21
33 -T2 A ALS B3
Secanty Cluasvwat-an

g A R AN K - v BT T M e Cekeiha 25 AR TR

(Socu~ily classiftcition of Hile, Body of aw indexsry annotatl

DLOCULENT CONTREDL 3474 -8 2D

must ve enternd wa il " 2. R ST AR VS

I QRIGINATING AL .iVITY (Corporate suthor)

Textile Rescarch Institute
Princeton, New Jersey .

~— R
8 ROFOM L LLCuiiT1 CuhunFICATIVS

i & Y. PR
viiC.iSviaa

olte GHOUP

-

4

i -
3. REPORY TITAE 4

STUDIES -AND EXPERTMENTAL TWVESTICATIONS IN CONNECTION WITH CHEMICAL BONDIN

1¥ BESIH-TREATZD CELLULOSE

4. DIISMP TIVE ROTRS [Trpe of roport and Inciwsive datss)

4. REPORT 0&1’2

IS

1 Final Ieport
§ 8 AUTHORIS) ) -y  initinl, last nacis)

Robert ¥, Schwemker, Jr., Joha J. Willard and H. D. Weigmana
! k4

o

S

May 1967 -

d,

Th, CONTRACY OR CRART 0.

b PROJECT KO.

7X65-01003

72, .OTAL MO, OF PAGES 7. NO. OF REFS g
* 71 65 ¥
88, SRIGINATOR'S REPORT MU. DT RIS) X
DA19-129-AMC=23(X) (OI 9012)
83, OTHER REPORT NOI3) (day oihor pumbars (st mey be aseined
this sxpor) &
i

68-15-PR

L

10. DISTRISUTION STATEMENT

This document has been approved for public release and sale; its distridution is

unlimited.

WSk N XWADY #

4 deste wene

»w

B e

P e L

11. SUPPLEMERTARY NOTES

;% 3
4
1§33, ASBTRACT

U. S. Army Natick izboratories
>4

gu. SPONIDRING MILITARY ACTIVITY

t Natick, Massachusetts

PR

“‘The nature of the interactions between nethylolmelarine resins and cotton:hes
Peen investigated. A new chemical analytical method for the elucidation of the

chexical structure of resin-treated c.iton besubeedjﬁéveloped. Cata are prescnzed

for the degree of substitution of cellulose by trimethylolmelamine., and for the
c¢istribution of these substituents between the various hydroxy. ircups of tha

anhycroglucose unit under various curing conditioas.

It has- bees shown by an

invescigation of weathered resin-treated cotton samples that periodate cxidaticn
can be used as a sensitive index of the structural changes occurring curing resi
dezracatione Microscopy and solubility studies in the ia the cellulose solveat

tadoxen, in connection with Smith degradations, have bees,found to provice a

method for assessing any cellulose chemical treatment for uniformity and eifective~
ness of covaleat cross-linking. Preliminary results are Presented on the distribu-
tion of resin substituents along the cellulose chain, ané consiceradle nnauniformity

of resin substitution is indicated.

-~
a
- =¥
B

WITTE il PR ST S LTI T

o o
it &£ & T FIAWASIB LD FUICL 1473, 1 JAR 84, BG4
s sovesens J og OBIOLITE FUR ARMY uUSK.

b =+ T e e By T T n i m i T e e e — g =
LI -~ = -
waes . - ai
L - - T

~

~

~

AR, B 13, K YIRS ARE 00 AT ARAES D TOVIWT IAHOTA DD 6 N AP R B PRI e P DN WY o LTIV R

3




I A VI B . R . w .
i ot <t : o L o pesg s AL G A3 IR SShraay A DI VILORI e s N B At e G 2t ety edr b N fa A < “1 R Sy 4 .....A‘iww A
. ' . ! ™ n .
. . ' : ! ¥ \%ﬁr‘i )
! _::
I ' . L : *
. . Tt T S s e I L VB LR e N . . @i..&is&&%% .
N I
»
. ﬁ‘ .
W v , S, ; e e , :
R - < , » o . ~ i M
et m o Ko & . e " , ) [ 1
. s FE N AV
' o T "
£y ™ Lo .
e : ‘ W w_
™ % . [ o ,
. ] . 5 , ! , " ! F
, , , 3 LS . )
M o, - i C PR : ..". .
* -~ g [ s X ¥ tm e
.5_ 7] . N . } ' ’ DTS o _ P .
A 3 gre Teag L G . ‘ «
¥ & ; L & ' e s . . k] S '
v o o k1 % ok * H 1
E P + N .o 3 ®
. ’ o . 3 K [ E L B * t , / s
“ ....\ i } _. . A ( . . f , ) f .._ ) , o ! . N o
‘ * i ! B ! ! . . ‘f\- !
! x , . _ " ; , o C
- . y . N & i [ '
f Shu o, N L , A <4 . * A ' ! A .
M FHE LY _ . , T - A .,
W B Y TS o0 . \ . -y o ) P . ' M
L5 et et vl ot . L . C . h !
- i ' (N N
. . " o — i
. , , .
- g . . . . T Yo A . “ .
. . i N ' -
' ' Y . , o b , v
$ N : d N 4 . . . . '
& e P ta . v ) § Yo LS ! ,
v A . ' e, . . . “ o LR} . . .
. # ) i . y e s . ., > - . , . ,;
f [ N bl . ta ' ' “a ’ | !
] - , " . S : e [ v.-ﬂ : Yo Y .
' ‘ 0 * ' !
' ) . s o . . y
P M . A, . ' '
' - - . 3 [ g [ e Lo e X . K . ,
‘ 4 4 . , b - - oo s PR " ¥ s
. s N CEoan ) ¥ ] .
. .) N ' - . P T ) N f o .
M ‘ i A . . . . - - ' ) L
' [; - ' ' . " : c L ’ o R
* M . ' . qwfm i . _ . L ! . . LY
* v . + . . H ~ . . .
! ~ oo : , S
“ E N i ) -v. ’ - v . » . '
$ ox - .. ] | o . '
M_ L) . - + Y. o ¢ .
[ 3 PR 3 . N s, . . o
: m MMM? . * ' §
2 £ . ) i
\ Tid . 3 .,.. . ¥ S :
whn
7 >
ik 3 g4 : . ; - _ .
S P wd "B i o ’ I
bl a o a0 ....M o - m
L ~ Bkt g oW i, . : ® '
W @ Q %1 Qm P . . ) B - , '
e Ll 9 4 wd M ) . s §
eyt ’ 7} o w0 ' % H
PRI Sms.xaaanis . 1
LR el 23N B OO Y W !
! .Lmiltor?ar
3] SHoed 3 e O wd ‘
¢ 1 .03 0 O gt 4 U g . )
v f ! ST S N AN EI-H S R : A
b ‘
X
™ U s it gy 2! WO KGR Gl




