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ABSTRACT KEYWORDS
The present work describes an alternative to traditional dyeing of cotton Coating;
and wool by using their coating with pigments. An application to the sur- Pigment;
face in general entails the risk of a dight down-washing of the dye from Allylglycidylether;
the fibre surface. To circumvent this problem, a random copolymer is syn- Ethoxyethylglycidylether;
thesized by the use of Allylglycidylether and Ethoxyethylglycidylether as Natural fibres

starting materials. This copolymer is converted by hydrolysis, modifica-
tion with dimethylaminopropylamine and 3-aminopropyl-tris
(trimethylsiloxy) silane and final quaternization with methyl iodide in a
cationic polymer, into a binding agent between the fibre and pigment. The
SEM examination of the results of applying the copolymer complexed
with a fluorescent pigment on to cotton and wool shows that the coating
layer on cotton is, generally, more consistent than on wool fibres, in line
with the different electric charge distribution along the fibre surfaces.
These observations allows us proposing the optimum pH range for utiliza-
tion of the polymer-pigment complex in coating operation as being of
7...9, for 30 minutes at 50°C for wool and 90°C for cotton, respectively.
© 2015 Trade Science Inc. - INDIA

INTRODUCTION Cellobiose units (disaccharide composed of two glu-

cose units, glycosidically linked by 1, 4-link) 4,

Cotton and wool, the most used natural
fibres,keep alarge share of the total fibres used for
apparels and the growing demand of green and re-
newable materialsis helping thistrend.

Cotton, the most utilized fibre for garments,is
made mainly of highly crystalline cellul ose, somewax
and protein components. Fibre surface hasonly hy-
droxyl groups, ascedluloseisexclusively formed from

Wool is a keratin fibre, consisting of proteins
made of chains of amino-acids. The fibre
surfacehasdifferent functional groups, because of
different side groupsof the amino-acidg>d.

The dyeing of natural fibres starts with bleach-
ing for achieving a clean, white substrate, followed
by up-taking of dyesfrom solution and their diffu-
sion and fixation into fibre®2, The disadvantage of
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this procedureisthe large amount of various chemi-
calsfrom bleaching and col ouring which go into ef-
fluents, polluting heavily the waters.

Another approach consists in applying pigment
onto the surface of the fibre. This corresponds to
“painting” of the fibre. The advantage of this method
is that the colouring agent may be applied without
any prior treatment and this reducesthe necessity of
the aggressivetreatment of bleaching.

Since pigments do not adhere to fibre surfaces,
a type of binding agent must be developed. To
achievethis, the primer must coordinatechemically
with both the fibre and the dye, so that the best pos-
sible interaction is achieved.

The aim of this work is the development of a
functiona polyether which is able to fix pigments
permanently to fibres. The polyether appears of par-
ticular interest becauseit provides severa functiona
groups: i) Cationic groups, ii) Cross-linkable groups
and iii) Hydrophobic groups.

Hydrophobic groups affect the adjustment of the
solubility of the primer. While cationic groups are
often hydrophilic and therefore lead to arelatively
high solubility in water, additional hydrophobic
groups cause a decrease in the solubility in water,
leading to better interaction with surfactants.

In addition, the polymers should be cross-linked.
This brings the advantage that when the polymers
are cross-linked after application on the fibres they
form adurable dye-polymer complex.

EXPERIMENTAL

Materials

Diglyme (AlfaAesar, 99%) was dried over so-
dium, distilled under reduced pressure and stored
on molecular sieves 4 A. Ethoxyethylglycidylether
(EEGE) was synthesized according to Fitton et. al 13,
glycidol (Aldrich, 99%), ethyl vinyl ether (Aldrich,
99%) and p-toluenesulfonic acid monohydrate was
used without further purification for the synthesis.
Allyl glycidyl ether (AGE)(Fluka, 99%) was dried
over CaH,,distilled under reduced pressure and
stored on molecular sieves 4 A. 3-Dimethylamino-
1-propyl amine (DMAP) and (3-aminopropyl) tris
(trimethylsiloxy) silane (SILO), and methyl iodide

—= Pyl Paper

was used without further purification. Other solvents
were used in technical purity.

M easur ements

'H NMR spectra(300 MHZz) and *C NMR spec-
tra (75 MHz) were recorded using a Bruker DPX
300 spectrometer. All measurementswere performed
at room temperature. Either CDCI,, or DM SO-d, was
used as solvent. Asan internal standard for the mea-
surement in CDCI, tetramethylsilane (TMS) was
used; the measurementsinDMSO-d, andindl analy-
ses of silicon-containing products, the residual sig-
nal of the solvent was used asinternal standard, at a
chemical shift of 6 = 2.50 ppm for DMSO and 6 =
7.27 ppm for CHCI,. All *C NMR spectra were
recorded using the *H broadband decoupled modus.
Coupling constants J are given in Hertz (Hz). The
fine structure of the resonance signals represented
by the abbreviations s (singlet), d (doublet), t (trip-
let), quart (quartet), m (multiplet) and br (broad).

Gel permeation chromatography (GPC) measure-
ments were performed on two different systems.
Using N, N-dimethylacetamide (DM ACc, with 2.441
g/l of LiCl) as eluting solvent, a high pressure lig-
uid chromatography pump (Bischoff 2250) and are-
fractive index detector (Waters 410, Millipore) at
80°C were used at a flow rate of 0.8 mL/min. Three
chromatography columns with DVB- gel from MZ
analysistechnique were used, the length of the col-
umns was 300 mm, the diameter of the column 8
mm, the diameter of the gel particleswas 5 ?m and
the nominal pore width were 100, 1000 and 10000
A. Using tetrahydrofuran (THF, 250 mg/l BHT) as
eluent ahigh pressureliquid chromatography pump
(ERC HPLC 6420) and arefractive index detector
(Jasco 2031plus) at 20°C were used at a flow rate
of 1.0 mL/min. Four chromatography columns, with
the DVB- gel from MZ analysistechnique wasused,
thelength of the columnswas 300 mm, the diameter
of of the columnswas 8 mm, the diameter of the gel
particleswas 5 ?m and the nominal porewidth were
50, 100, 1000 and 10000 A. Calibration was per-
formed either with PMMA or with PS standardsfrom
Polymer Laboratories (as indicated at the appropri-
ate place). The number average molecular weight,
the weight average molecular weight and polydis-
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persity M /M were determined using the software
program package, NTeqgGPC V6.01.18.

Syntheses

Synthesis of poly[(allylglycidylether)-co-
s(Ethoxyethylglycidyl ether), ](1)

3-Phenyl propanol (328 mg, 2:41 mmol) and
KOtBu (IM in THF, 0.24 mL) in diglyme (absol ute,
25mL) wereadded to adried 100 mL Schlenk flask
and stirred for about 20 min at 40°C. The resulting
tBuOH wasthen removed in vacuum.

The monomer mixture composed of AGE (4.846
0, 42.40 mmol) and EEGE (11.012 g, 75.33 mmol)
was prepared in a50 mL Schlenk flask. The compo-
sition of the monomer mixture was analysed using
'H NMR spectroscopy (Result: nEEGE: nAGE ~
1.78). The monomer mixture (15.510 g) was added
to the initiator solution and stirred at 120°C for 21
h. Then the solvent was removed by distillation at
80°C. The reddish oily residue was dissolved in
dichloromethane (75 mL) and washed with saturated
NaCl solution, 75 mL). The organic phase was col-
lected and the agueous phase was washed with fresh
dichloromethane (3 x 50 mL). The combined organic
phasesweredried over K.,CO,, filtered, concentrated
on a rotary evaporator, anddried in vacuum over-
night to afford the yellow oily product in ayield of
16.245 g (100 %).

The'H NMR analysis showed: m = 15, n = 27
(n/m = 1.8, corresponds to the ratio of the mono-
mersin thefeed).

'H NMR (CDCI,, 300 MHz): 6 = 1.19 (t, *J =
7.03 Hz, 3H, CH,-17), 1.29 (d, ®J = 5:09 Hz, 3H,
CH,-15), 1.83 - 1.93 (m, 2H, CH_-6), 2.65 - 2.70
(m, 2H, CH,-5), 3:43 - 3.70 (m, 9H, CH-9, CH_-7/
8/10/16), 3.98 (d, *J = 5:27 Hz, 2H, CH_-11), 4.70
(quart,®J=5.20Hz, 1H, CH-14) 5:21 (dd, 2J=31.25
Hz, 3] = 13.80 Hz, 2H, CH,-13), 5.82 - 5.95 (m,
1H, CH-12), 7:17 to 7:19 (m, 3 H, CH -1/3), 7:25
t0 7:30 (m, 2H, CH,) ppm.

BC NMR (CDCIl,, 75 MHz): § = 15:31 (C-17),
19.79 (C-15), 60.78 (C-16), 70.00 - 70.26 (C-8),
71.92 (C-10); 72.24 (C-11), 78.80, 78.91 (C-9),
99.69, 99.82 (C-14), 116.68 (C-13), 125.76 (C-1),
128.30, 128.43 (C-2/3); 134.89 (C-12) ppm.
GPC(DMAC): M_=4600 M /M =1.11 ((MMA-

Standards)

Synthesis of poly[(allyl glycidyl ether),.-co-
(glycidal),](2)

Poly [(allyl glycidyl ether)-co-(ethoxy
ethylglycidyl ether), ] (3.010 g, 2.14 mmol acetal)
was added to a500 mL single-necked flask contain-
ing technical THF (300 mL). After compl ete disso-
lution an aqueous HCI solution (37%, 20 mL, 240
mmol) was added and stirred at room temperature
for 20 min. Subsequently, the solution wasdried and
neutralized in portions withpotassium carbonate.
After filtration, and concentration of the solution on
a rotary evaporator the oily residue was dried in
vacuum over night at 45°C. The product was ob-
tained as areddish oil inayield of 1.779 g (92%).

'H- NMR (DMSO- d,, 300 MHz): = 1:46 to
1:55 (m, 2H, CH,-6), 2:57 - 2.62 (m, 2H, CH_-5),
3:35t0 3:58 (m, 7H, CH -7, 8, 10, CH-9), 3.93 (d,
3J = 4:15 Hz, 2H, CH,-11), 4.99 (brs, 1H, OH),
5:17 (dd, 2J = 34.03 Hz, 3] = 13.82 Hz, 2H, CH,-
13), 5.79 - 5.92 (m, 1H, CH-12), 7:12 to 7:18 (m,
3H, CH-1, 3), 7:23t0 7:28 (m, 2H, CH,) ppm
GPC: M_(DMAc)=7200M /M =1.12 ((MMA-

St)

Synthesis of poly (allyl glycidyl ether),.-co-
(phenoxycarbonyl glycidyl ether). ] (3)

A solution of the deprotected polymer
poly[(allyl glycidyl ether),.-co-(glycidal), ] (1.807
g, 14.0mmol of OH groups) and triethylamine (1.583
g, 15.6 mmol, 1.11 eq) in THF (15 mL) was added
under ice-cooling within 15 min to asolution of phe-
nyl chloroformate (2.724 g, 17.4 mmol 1.24 eq) in
THF (15 mL). After completion of the addition, the
ice bath was removed and the reaction mixture was
warmed to room temperature. Stirring was contin-
ued at room temperature for 18 h. For work up the
reaction mixture was diluted with dichloromethane
(40 mL) and washed first with an agueous solution
of HCI (1 M, 2 x 50 mL) and saturated aqueous
NaCl solution (70 mL). was treated with and di-
luted with pure water (50 ml). The organic phase
was dried over Na,SO, and concentrated on a ro-
tary evaporator. From this concentrated solution, the
polymer wasprecipitated in pentane (250 mL). The
precipitate wasdried in vacuum over night at 45°C.
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Theproduct wasobtainedinayield of 1.763 g (50.5
%).

'H -NMR (CDCl,, 300 MHz): 6 = 1.88 (br, 2H,
CH,-6), 2.65- 2.69 (m, 2H, CH,-5), 3.25- 3.70 (m,
7H, CH-9, CH_-7/8/10), 3.97 (br, 2H, CH,-11); 4.28
(br, 1H, CH,-14); 4:41 (br, 1H, CH,-14); 5:14 to
5:28 (m, 2H, CH,-13); 5.87 (br, 1H, CH-12), 7:16
to 7:35 (m, 10H, CH-1/2/3/17/18/19) ppm.

BC NMR (CDCl,, 75 MHz): § = 69.20 - 70.35
(C-7/8/10/14), 72.22 (C-11), 78.60 - 79.13 (C-9);
116.80 - 117.06 (C-13), 120.95 (C-17), 125.97 (C-
1/19), 128.37 (C-2/3), 129.40 (C-18), 134.62,
134.71 (C-12), 151.02 (C-16); 153.50 (C-15) ppm.
Signalsfor C-4, C-5 and C-6 are not found.

GPC (DMAC): M _= 7000 M /M = 1.50 (pMMA-
St)
M =9000M /M =1.41(pS-St)

Reaction of poly[(allylglycidyl ether),.-co-
(phenoxycar bonylglycidyl ether), ] with amines
(4)

Poly[(allyl glycidyl
(phenoxycarbonylglycidyl ether),.] Poly[(AGE),.-
co-PCGE), ] (3) (3.241 g, 13.1 mmol of carbonate
groups) was dissolved in technical THF (20 mL). A
mixture of DMAPA (1.075 g) and SILO(1.508 g)
(accordingto *H NMR analysisDMAPA/SILO = 2:
1) are stirred for 3 days at room temperature. To the
reaction mixture dichloromethane (130 mL) was
added and washed with agueous NaOH solution (1
M, 3 x 50 mL). The organic phase was dried over
Na,CO,, filtered and concentrated on arotary evapo-
rator. Drying overnight gave the product in ayield
of 3.657 g (83.6 %).

'H NMR (300 MHz, CDCI,): § = 0:10 (s, 27H,
CH,-23); 0:41t00:47 (m, 2H, CH,-22); 1:41t0 1.56
(m, 2H, CH,-21), 1.63 - 1.67 (m, CH_-17); 2.20 (s,
6H, CH,-19), 2.31 (t, *J=6.83 Hz, 2H, CH,-18);
3:11 to 3:20 (m, 4H, CH_-16/20); 3:45 - 3.77 (m,
7H, CH-9, CH,-7/8/10); 3.98 - 4:22 (m, 4H, CH,-
11/14); 5:15t0 5:29 (dd, 3J = 13.72 Hz, 2 = 28.54
Hz, 2H, CH,-13), 5.82 - 5.95 (m, 1H, CH-12), 7:13
t07:19 (m, 3H, CH-1/3); 7:25t0 7:29 (m, 2H, CH.)
ppm.

13C NMR (75 MHz, CDCl,): § = 1.67 (C-23),
11:40 (C-22), 25.53 (C-17/21), 45.38 (C-19), 67.88

ether),.-co-
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(C-14); 69.20 - 70.18 (C-8/10), 72.20 (C-11),

116.79 (C-13), 126.57 (C-1), 128.39 (C-2/3), 134.64

- 134.74 (C-12), 156.47 - 156.54 (C-15) ppm.

GPC (DMAC):M_=9000 M /M_=1.65 ("MMA-
St)

Quarternization of the polyether with
dimethylaminopropyl-urethane and
tris(trimethylsiloxy)-silyl-propan-urethan
(functionalized Polyether s) (5)

The urethane functionalised polyether4 (2.383
g, 5.0 mmol dimethylamino groups) was dissolved
in methanol (10 mL) and treated with a solution of
methyl iodide (7.155 g, 50.4 mmoal, 10 eqof Mel) in
methanol (10 mL). Thesolutionwasstirredfor 24 h
at room temperature. Finally, the solvent and excess
methyl iodide was removed on arotary evaporator
and the residue dried overnight in vacuum at 45°C.
The product was obtained asyellow, powdery solid.
Yield 2.724 g (88 %).

'H NMR (methanol -d,, 300 MHz): 6 =0:19 (br,
9H, SiMe,), 0.69 (br, 2H, CH,-22); 1.64 - 1.90 (br,
4 H, CH,-20/21), 2.10 (br, 2 H, CH_-17); 3:28 to
3:38 (m, 13 H, CH_-16/18, CH,-19), 3:58 - 3.75
(m, 7H, CH -9, CH,-7/8/10), 4:07 to 4:25 (m, 4 H,
CH_-11/14), 4.84 (br, 1 H, NH), 5:24 t0 5:37 (m, 2
H, CH_-13); 5.97 (br, 1H, CH-12), 7:25t0 7:31 (m,
3 H, CH-1/2/3) ppm.

C NMR (methanol -d,, 75 MHz): § = 02.18
(C-23), 25.00 (C-17), 54.22 (C-19), 65.74 (C-10),
80.25 (C- 9), 71.34 (C-11), 73.37 (C-8), 117.45 -
117.62 (C-13), 136.37 (C-12), 158.72 (C-15) ppm.
Other signalsare not visible.

Preparation of thepolymer/silicasuspension

Polymer 5 (500 mg) was dissolved in water (5
mL). Theresulting oily suspension was stirred vig-
oroudly overnight. During thistime, thepolymer dis-
solves compl etely. Subsequently, 3mL of silicapig-
ment suspension was added at room temperature
with stirring for about 10 min to produce anew sus-
pension.

RESULTSAND DISCUSSION

The present work aims at investigating the use
of poly-ethers to anchoring pigments on heteroge-
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neous surfaces of natural fibres. For this purpose
the poly-ethersare designed with groups ableto bind
both the col ouring mol ecules (pigments) and thefunc-
tional groups from the surfaces of cellulosic (cot-
ton) and keratin (wool) fibres.

Synthesisand char acterization of thecopolymers

Thefunctiona polyether, which meetsthe above
criteria, iscomposed of at least two building blocks,
which can be selectively addressed in post poly-
meri zation modification reaction. A suitable option
is a linear copolymer of glycidol, as described in
the literature®*'". The advantage of polyethers in
genera and of polymers having apolyethylene gly-
col backbonein particular, consistsin theflexibility
of the polymer backbone, whichisfacilitated by the
ether oxygen atom, in contrast to the more rigid
polyolefins. Thisflexibility ensures agood interac-
tion of the polymer back bone and of the side chains
with rough surfaces.

Polyethers based on glycidolmonomerswith or-
thogonal protecting groups havethe advantagethat a
selective deprotection followed by functionalization
allowsthe preparation of multifunctional polyethers.
The corresponding functional polyether cannot be
obtained by direct polymerization of the correspond-
ing monomers dueto mechanistic incompatibility™.

The first monomer isaglycidol derivative - al-
lyl glycidyl ether (AGE) with an allyl side
groupwhich is stable under alkaline and acidic con-
ditions. The second monomer with an acetal pro-
tecting group (ethoxyethylglycidylether, EEGE!8)
was chosen due to the easy removal of the acetal
protecting group under acidic conditions. Conse-
guently a copolyether with allylic and acetal side
groups yields quantitatively and in short time pri-

mary alcohol groups under acidic conditions result-
ing in a water soluble polyether with alylic side
groups. The dlylic side groups can be further used
for the formation of networks and the hydroxyl
groups can bemodified in post polymerization modi-
fications to introduce cationic and hydrophobic
groups, which themselves can be used for
functionalization of surfaces.

3-Phenyl propanol was selected as initiator for
the polymerization of mixtures of EEGE and AGE.
The phenyl propanol end groups allow determina-
tion of the degree of polymerization by end group
analysisusing 'H NMR spectroscopy;signals of the
initiator do not overlap with signalsof the repeating
unitg417,

Starting with poly(allyl glycidyl ether)-co-
(ethoxy ethyl glycidyl ether) the necessary functions
areintroduced by post polymerization modification
reaction. First, the primary alcohol groups are gen-
erated by acid catal ysed hydrolysisand then quanti-
tatively converted to phenylcarbonat groups. Addi-
tional functionalities are introduced by reacting the
activated phenylcarbonate groups with suitable
functionalized amines.3-Dimethylamino-1-propyl
amine (DMAPA) and (3-aminopropyl) tris
(trimethylsiloxy) silane (SILO) were selected as
functional amines. DMAPA serves as a precursor
for cationic groups, while SILO provides hydropho-
bic groups and the possibility to covaently link the
polymer to surfaces with free hydroxyl groups. In
Figure 1 the building blocksfor the final multifunc-
tional polymer are shown.

A linear, statistical copolymer consisting of al-
lyl glycidyl ether and ethoxy ethyl glycidyl ether in
molar ratio of AGE/EEGE =1 : 2 was prepared by
anionic ring-opening polymerization with 3-phenyl

Allyl glycidyl ether
"AGE"

3-Phenyl propanol
"3-PP"

Ethoxy ethylgl ycidyl ether
"EEGE"

(0]
N >~ N )j\ /@
: TN TN e
| a . H,N Si(OSiMe;),

3-Dimethylamino-1-propylamine
"DMAPA"

Phenyl chloroformate

(3-Aminopropyl) sris(trimethylsiloxy) silane
"SILO"

Figure 1 : Buildingblocks usedfor the synthesisof the target copolymer
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Figure 2 : Synthesis of the multifunctional polyether; (1) poly[(allylglycidylether) -co-(ethoxyethylglycidylether), ],
(2) poly[(allyl glycidyl ether),-co-(glycidol), ], (3) poly[(allylglycidylether), -co-(phenoxycarbonylglycidylether), ],
(4) multifunctional polyglycidol, (5) multifunctional polyglycidol with quaternary ammonium- and tris(trisilyloxy)

silane side groups

propanol as initiator (Figure 2). The initiator is ac-
tivated with potassium tert-butoxide (KOtBu) and a
total degree of polymerization of P, = 45 was ad-
justed by the monomer to initiator ratio.

The microstructure and the degree of polymer-
ization of the copolymer were confirmed by *H-NMR
spectroscopy. In addition, on the one hand theratio

of therepeat unitswas determined by comparing the
signals for the acetal-CH at 6 = 4.7 ppm, and the
allyl CH at 6 = 5.9 ppm and on the other hand, these
signalstoaCH, signal of theinitiator at 6 = 2.7 ppm
correlated (Figure 3). The result of this anaysisis
AGE / EEGE = 15/ 27. The total degree of poly-
merization reached 42, and that is in good agree-
e, Research & Reolews On
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Figure 3: 'H-NMR spectraof d|fferently substituted ponether A) pon[(aIIyI glycidyl ether),.-co-(ethoxy ethyl
glycidyl ether), ] (1) in CDCI,, B) poly[(allyl glycidyl ether) -co-(glycidol),] (2) DMSO-d,, C) pon[(aIIyI glycidyl
ether)ls—co—(phenoxy carbonyl glycidyl ether),.] (3) in CDCI3, D) muItifunctionaI ponegcidoI (4) in CDCI,, E)
multifunctional polyglycidol with quaternary ammonium- and tris(trisilyloxy) silane side groups (5) in methanol-d,

ment with the theoretical degree of polymerization. and poly (AGE-co-G) (2) (Figure 4) aso showed a
Characteristic forthe polyglycidol backbone isthe relatively narrow molecular weight distribution on
broad signal at d = 3.4 - 3.7 ppm{*#+17, (M,/M _=11lfor1, M /M =112 for 2) asisex-

The GPC analysis of poly (AGE-co-EEGE) (1) pected for controlled polymerizations. Theseresults
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Figure 4 : GPCeluograms measured inDM Acas eluent;
A) dotted red line: poly[(allyl glycidyl ether), -co-
(ethoxy ethyl glycidyl ether), ] (1); black line: poly[(allyl
glycidyl ether) -co-(glycidol), ] (2); B) poly[(allyl
glycidyl ether) .-co-(phenoxycarbonylglycidyl
ether), ](3) C) multifunctional polyglycidol (4)

show that the polymerization of thismonomer mix-
tureisboth controlled and proceeded quantitatively.
Since both monomersreact with similar ratesaran-
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dom copolymer is obtained™?.

Theremoval of the acetal-protecting group was
carried out by acid hydrolysis in tetrahydrofuran
(Figure 2). The product poly(allylglycidylether-co-
glycidol) (2) was obtained in quantitative yield; the
alylic protecting group remains intact*’, which is
confirmed by the'H NM R spectrum, too (Figure 3B).
GPC analysisa so indicated compl ete deprotection;
the shape of the eluogram is similar to the starting
polymer, however the molecular weight isshifted to
higher values (Figure 4).

Polymer 2 prepared in this way was then con-
verted with phenylchloroformatein THF and triethyl
amine as acid scavenger to yield
poly(allylglycidylether)-co-(phenoxycarbon
ylglycidyl ether) (3) (Figure 2). Conversion of the
hydroxyl groups was quantitative as shown by*H
NMR andysis(Figure3C); dl hydroxymethyl groups
were converted to phenyl carbonate groups. Com-
parison of the signal of theallylic groupsat 6 = 5.87
ppm with the newly formed signal of the CH,, group
in o -position to the phenyl carbonate group - double
peak at 6 = 4:28 and 6 = 4:41 ppm —revealed that
theratio of the corresponding integral s corresponds
totheratio of the repeating unitsintheoriginal poly-
mer2. Itshould be noted that the occurrence of two
peaks for signal 14 is characteristic for this struc-
ture. The product wasisolated in high purity but only
inayield of about 50%.

GPC analysis of polymer 3 in N, N-
dimethylacetamide showed a bimodal distribution
(Figure 4B). We assume that the reaction of phenyl
chloroformate and polyglycidol repeating units
leadstochain couplings (Figure 5).

+PhOH

Figure 5 : Possiblecoupling reaction betweentwochains
duringfunctionalizationof polyglycidolwithphenyl
chloroformate
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The post polymerization reaction of activated
phenyl carbonates with functional amines leads to
theformation of urethane groups and elimination of
phenol. Functionalization was carried out in THF
withamixtureof thetwo aminesDMAPA and SILO.

The ratio of the amines used was varied; first,
an equimolar mixture of the two amines was used.
As product, a viscous material was obtained under
these conditions, which proved to be insoluble in
common organi ¢ solvents. Asaconsequence, deter-
mination of the degree of functionalization by H
NMR spectroscopy was not possible. Insolubility
also prevented further investigation. From this re-
sult it was assumed that crosslink occurs by the for-
mation of Si-O-Si groups andis related to the con-
centration of tris(trimethyl silyloxy)-silane groups
within the polymer'®. By decreases the concentra-
tionof SILOtoaratioof DMAPA/SILO = 2: 1the
cross-linking could be prevented (Figure 2). Accord-
ing to *H - NMR analysis (Figure 3D) the ratio of
the two amines in the copolymer corresponds with
the ratio of the two amines in the feed. The multi-
functional polyether 4 was used in the last step for
guaternization of the tertiary amine groups intro-
duced. The GPC elugram of the product shows a
similar traceasthat of the starting polymer3 (Figure
4C). Thisresult provesfull conversion of the start-
ing material. An alternative explanation of the
multimodality of the GPC curveisthat in the reac-
tion with the amines polymers of different composi-
tionareformed, so that the distribution of chainlength
overlapswith the distribution of functionalities.

Quaternization of the dimethylamino groups of
polyether 4 to trimethylammonium groups was car-

I
_
U

colourless

6]

C 0
=
O

ried out in methanol with an excessof methyl iodide
(Figure 2). According to thetH - NMR analysis,
functionalization proceeded quantitatively as re-
sulted from comparison of the signals for the alyl
group (6 = 5.97 ppm, CH) with the signals for the
trimethylsilyl group (6 = 0.19 ppm) and the quater-
nary ammonium group (R-"NMe,, 6 = 3:28 ppm (Fig-
ure 3E)). Multifunctional polyether5 was obtained
quantitatively asayellow powder. This product was
soluble in water, however, the dissolution rate is
relatively low; at the beginning an emulsion is ob-
served, which by stirring overnight forms a yellow
solution.

Application of the copolymers of poly
[(alylglycidylether), -co-(3-(tri methyl ammonium)
propylglycidylcarbamat), -co-(3-(tris-methyl-
siloxy) silanyl-propylglycidylcarbamat),] (5) silica
pigments

Toinvestigate the applicability of the Polymer 5
with respect to fibres and pigments, silicapigments
from Post Nova Analytics were acquired. The pig-
ments have a spherical, non-porous shapeof an av-
erage diameter of 300 nm, with a surface covered
with carboxyl functionalities. The concentration of
the carboxylic acid functionsin the agueous suspen-
sion was 1 mol/mL, the solid content was 50 mg/
mL, and the particle concentration was 1.8 x 10
mL-1. The particles were dyed red withRhodamine
B whose structure is shown in Figure 6 as leuco
base and quinoid coloured form.

In a 10% aqueous solution of Polymer 5 was
added the suspension of the silica pigment andthe
polymer/pigment-complex was diluted to a2% sus-
pension with water. Cotton and wool fibres were

Rhodamin B, C,gH;9N,03, Mol. Wt.: 442,55
3',6'-bis(diethylamino)-3 H-spiro|isobenzofuran-1,9'-xanthen]-3-on

Figure 6 : Chemical Sructure and colour shifting of RhodamineB
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immersed in this suspension at pH values ranging
from 3 to 9 for 30 minutes at temperature specific
for each fibre.

The ratio fibre to suspension (liquor ratio) was
in each case 1. 100 which meansthat for 1 gfibrein
100 mL of solution wasused. Thetreated fibreswere
dried and examined.

Fluor escence measur ements

Fluorescence of Polymer (5), silicapigmentsand
of their mixture was measured by usinglight of 200 -
900 nm wavelengths for irradiating and detecting
the wavelength of the emitted light.

The maximum emission (identical to the maxi-
mum of the absorption) wasfor al three samples at
about 470 nm. In all samples two fluorescence
maximaare recorded, of which thefirst oneat about
387 nm (Ex 1, TABLE 1), and the second maximum
inthevisible spectrum at 560...570 for the Polymer
and Pigment, respectively and at a significantly
lower wavel ength (500 nm) for the polymer/pigment
mixture (Ex 2, TABLE 1). Onemay thus assumethat
theslicapigmentsformed achemical complex rather
than amechanic mixture with the Polymer.

Application of the particle/polymer complex to
fibres

Theam of the study isto achieve applying fluo-
rescent pigments on different natural fibres and to
determine the optimal parametersfor this process.

The natural fibres considered are cotton and
wool. The pH was adjusted in each case to the val-
ues of 3,5, 7and 9, respectively, in order to inves-
tigate the pH dependence of the coating layer. Cot-
ton was treated at 90°C, and wool at 50°C for 30
minin all the cases.

The optimal conditions for coating cotton are
expected to be met at values of pH above 7. At pH
values in the acidic range it is expected that the
glycosidic bonds between the cellulose units of the
cotton fibres hydrolyse and | ead to the weakening of
thefibres. Asaconsequence the coating of cottonin
the acidic range of pH isof alow practical interest.

Wool fibresbehave contrary to cotton ones, pre-
ferring acidic pH values for atreatment and being
degraded when pH values go above 7. As a result

—= Fyl] Peper
the optimum pH for coating keratin fibresisin the
acidic range.

Onthe other sideit isalso known that thefibres
have specific surface charges at various pH val-
ues?+?2, Keratin surface is positive at pH values
below 3-4 and negatively charged for higher pH-
values; cotton fibre surface is negative for amost
all pH-values, and turns positiveonly in very acidic
range’?. Thismeansthat the positively charged poly-
mers areable to adhere to both of the fibres over a
large range of pH values, providing the pH values
favoursalso agood protection to fibre structure (Fig-
ure 7).

, [+ -] -
Charged Polymer \‘\‘}//\«T;\ ?\_,l,r,// P

{/ \ I/ \w (——
/’,/ \ / \\\
4/ |\ W\aut/

N
Fiber Surface _\g

Figure 7 : addition of apositively chargedpolymerto a
negatively chargedsurface ofthe fibre, pH <7

Cotton fibre

The SEM pictures of untreated cotton fibre (Fig-
ure 8) showthe smooth structure of the surface.
Themechanical attachment appearsvirtually impos-
sible; hence any addition of colouredparticles oc-
curs only by relevant interactions, related to the
chemical interaction.

Asthe SEM images of the cotton fibres treated
at the four different pH values show the coating
density of the polymer/dye complex on cottonisal-
ways quite high. Contrary to the expectations, even
a the low pH-value (3) there is a relatively good
coating with pigments; the level of coating is only
increased by increasing the pH values of the treat-
ment.

As expected, the largest coating layers were
found at pH =7 and pH =9, respectively. Thisrange
isalso of interest from technological point of view,
as cotton structure is better protected at such pH-
values.

Compared to wool the density of coating layeron
cotton is significantlylarger, even when alow con-
centration of pigments is used(stock solution of
2%)at a liquor ratio of 1: 100. This indicates that
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Figure 8: SEM imageof untreatedand treated cotton fibreat different Ph; a) Untreated cotton fibre, b) Treated
cotton fibre at pH 3, ¢) Treated cotton fibre at pH 5, d) Treated cotton fibre at pH 7, €) Treated cotton fibreat pH 9

the charge distribution along the fibres surface is  behaviour from those of cotton.
more uniform than in case of wool. Firstly, in line with the data about evolution of
, zeta-potential of wool with pH? the pictures show
Wool fibre . . e :
_ anincreaseof coating layer with increasing pH-val-
The SEM images of untreated and treated wool  ues, after recording amost no particles adhered at
fibres (Figure 9) put into evidence aquite different  pH 3.
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Figure 9 : SEM imageof untreatedand treated wool fibreat different pH; a) Untreated wool fibre, b) Treat
fibreat pH 3, ¢) Treated wool fibre at pH 5, d) Treated wool fibre at pH 7, €) Treated wool fibre at pH 9

Secondly, at pH 5 and 7, where the layer is still  theattraction of positively charged particlesishigher
very scarce, one noticesthat theparticlesagglomer-  at those places. As, generally, the amount of par-
ate at the edge of the scales. This behaviour isun-  ticles attracted by wool fibre is lower than those
derstandabl e because the density of negativecharge attracted by cotton fibre, and thewool fibreshasthe
ishigher at edgesthan on the surface, and therefore  scales on surface as points of surface disruption, the

S4800 1.8kY 7.7mm x10.0k SENM) 27-04 _"‘l'll':_':' '|1I:| 'I' I

i

ed wool
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TABLE 1 : Fluorescencemeasurementsof polymer (5), silica pigments, and a mixture of both

Polymer 5 Silica pigment Poly mer/Pigment M ixture
A/nm Intensty A/ nm Intensity A/nm Intensity
Emisson 468.6 56.085 4777 79.129 471.5 754.981
Ex 1 387.37 49.76 387 62.92 387.37 103.88
Ex 2 555.71 31.97 570 58.61 498.36 111.93
Spectral rangeof the incident light: 200 - 900 nm
overall aspect of wool coatingat pH 5and 7 isrela
tively patchy. Itisonly at pH 9, when the density of ACKNOWLEDGEMENTS

chargesonwool surfaceishigh enough, that the el ec-
tric effect of scales reduces and coating layer be-
comes more uniform, closer to cotton surface.

Asaresult of these observationswool, although
alkaline pH isunsuitable for preserving the keratin
structure, is preferable to be coated at pH 9, very
much like cotton fibre.

CONCLUSIONS

Synthesis of functional polyethers based on lin-
ear polyglycolcidol derivatives was successfully
performed, and demonstrated by both NMR aswell
as GPC analysis. The introducing of the protected
groupsfor hydroxyl groupsand their subsequent con-
version to quaternized amines and silation via the
intermediate stage of a phenyl carbonates was also
successfully achieved. We obtained, thisway, poly-
mers which fulfil the requirements of having cat-
ionic nature, potential of connectivity and partial
hydrophobicity.

The polymers were complexed with a selected
dye pigment and these complexes were applied at
different pH values onfibresof cotton and of wool,
respectively. The SEM images of treated fibres in-
dicate that the treatment of both cotton and wool in
therangeof pH =7...91ead to the highest coverage.
Whilethisrange suits cotton a so from point of view
of itschemical structure, and application can be per-
formed without specia requirements, the alkaline
pH is relatively dangerous for wool fibres, and,
therefore, the treatment has to be carried carefully
intermsof low temperature and short time. The con-
ditions we used, of 50 °C and 30 minutes, satisfy
these minimal requests and can be considered as
optimal for application on keratin fibres.
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