CHAPTER IV
RESULTS AND DISCUSSION

4.1 Preliminary study of the construction of polyelectrolyte multilayers on glass

slide using the Layer-by-Layer technique .

‘ from cationic Chitosan and

&
- d sulfonate groups (-SO3") of

Nylosan dye in acidi€ coadigod dad: ¢ -_. \ g the UV-Vis spectroscopic

anionic Nylosan dye Werg es by electrostatic attraction

between ammonium” gro
technique. It is impog#ént ye is assembled into PEM,
its characteristic absorBangé i ' ol cctrostatic environment of the
PEM and present an absg baficé { Car-at ~ is therefore possible to monitor
the Layer-by-Layer depsi ) :"?’ PEN fue tlon of the number of layers. The
expected linear relationship be

r’y’" “ 4

Multilayers of up ’, 40 bi-laye {";I losan were successfully
deposited on glass SIB

orbance at 540 nm and the number of

layers was conﬁe 5 shown in Figure 4.1.
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4.1.2 Study of th chromic beha .\\ f the Nylosan dye solution

Certain dye mole S KROWN to present solvatochromic properties
depending on the iopi 1gth 5 s urrounding solvent. This
phenomenon is y_—_— alug of the dye’s absorbance
0C o@c shift or red shift” or lower

wavelength called, “Hyesghromic shift (K)alue shift”. Before the build up of the

Chitosan—NylWﬁ, GJstﬂﬂr Hdﬂﬁ/wg&] ﬁ'nasior of the Nylosan dye

was conducted.4The influence of th%nature of the solvent on the “7}““ value of a dye,

an effec m aaﬁﬂ?ﬂﬂﬂ@é&‘m Bﬁra ments of a dye
moleculg,is larger n'the first excited state than in the ground state then the effect of a

more polar solvent will be to stabilise the first excited state more than the ground

spectrum toward highﬁwav

state. The consequence will be a bathochromic shift of the absorption maximum as the
solvent polarity is increased [11]. Sample solutions of the Nylosan dye as a function
of increasing pH, ionic strength and ethanol content were prepared and measured
using a UV-Vis spectrophotometer. These results are reported in Figure 4.2, and the
different effects of the studied parameters on the Amax absorbance of the dye could be

clearly seen.
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Figure 4.2 A dye in solution of (A)
increasing iont ; 0.5@nd 11 \ ; (B) increasing pH: 3, 4,

ter0; 10, 20, 30 and 40%.

An increase of both ) as $ionic s pth of the solution led to a shift of Amay
towards lower wavelengths respé 1romrS /0 to 525 nm and from 570 to 565 nm.
Contrarily, an incr i ' Q ft of the Anax absorbance
STobservations confirmed that
any shift of the Anpax aﬁorb' : gher wa eler@h should be the result of the
ethanol content in watep &ther than the pH or ionic strength of the solution. As

mentioned eaﬁ uxﬁ %%}V}nﬁ We%qeﬁ%nbled into PEM, the

absorbance speétium of the thin ﬁll}l presented a maxunum at 540 nm which gave a

light ﬁvl] alg mﬁg ? Iﬂfthm film also
matchedE lor e 'dye spersed in aqueous solutlons of ionic strength

equal to 0.1 M NaCl. This expected similarity in color of the dye when assembled into

towards higher wa t‘%"-—"_—“ —

PEM is due to the electrostatic interactions between the sulfonate groups of the dye
and the Chitosan’s ammonium groups. These electrostatic interactions were also
similar to those between Nylosan dyes and Na* counterion in solution both leading to
a decrease in Amax absorbance from 570 to 540 nm and giving a light purple color of

the thin film. The following section is a study of the effect of increasing ethanol
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content in water on the absorbance response of a 40 layers Chitosan—Nylosan thin
film.
4.1.3 Study the potential use of Chitosan-Nylosan thin films as an alcohol

sensor.

It is important to note that in the next experiment, the changes in

absorbance value at 600 nm were a characteristic of the film response to

ethanol in solution instead of ni foring of Amax absorbance. This choice is
nm, the absorbance at 600 nm

increased nearly 50%, whi steristic for sensor applications. In

"‘v -:
deposited on pre-cut glass
E\\\\\\\ pter 3. The resulting PEM thin

f

this experiment, 40 layg
slides following the prog
film was then introduceg posed to solutions of various
ethanol contents. The \ in film as function of the

ethanol content was rep
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Figure 4.3 Increase in absorbance at 600 nm of the Nylosan dye as a function
of various environments. Changes in absorbance when the dye is deposited
in to PEM (diamonds). Changes in absorbance when the Nylosan dye is

dissolved in a water/ethanol mixture (triangles). (See the condition p.43)
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No significant effect on the thin film’s absorbance could be seen for
ethanol content between 0% and 10%. At ethanol contents between 10% and 45%, a
constant increase in absorbance was observed with a maximum at 45%. Further
increase of the ethanol concentration to 50% content did not lead to any change in
absorbance. Surprisingly, the changes in absorbance of the dye as a function of the
ethanol content were different when the dye was dissolved in aqueous solution as

displayed by curve B in Figure 4.3. In this case, the absorbance at 600 nm reached a

ce is due to the electrostatic
nature of the PEM was in irstly, this delay could be attributed to a lower
ethanol content inside t > quiside the .“-’.‘;{_ in the surrounding solution.
The ability of the rom water has already been
reported and for ex mina, PEM could be used to
( ation for this phenomenon lies
in the highly ionic struc I X LW omoted the diffusion of ions and
water molecules, but limitedithe aceess plarsolvent such as ethanol. A second
argument for the delay in ‘ch ------- mercased at 600 nm was the potentially

*-F"

competitive interactie he ethan stem and the electrostatic
—————— ::_5 IR studies were currently
ano p@ent in the Chitosan-Nylosan
PEM as a function of th?solution’s ethanobontent while monitoring the absorbance

N ) LA 1A AL e

from various er of layer (10 20, 30 layers) the change 1n absorbance as a

TR T
in water.ATheSe ut! efiomenon'i edo k sensor effect

and not llmlted to the surface of the film.

interaction between i‘,

being pursued to charﬁerlz

Lastly, the stability of the Chitosan-Nylosan PEM was studied. A PEM
thin film was exposed to cycles of water and 50% ethanol content and the absorbance
changes were monitored using UV-Vis absorbance. After five cycles, the thin film
had partially disappeared and released the Nylosan-dye back into the solution. This
decomposition is mostly due to the loss of electrostatic interactions between the

Chitosan and the Nylosan, which are the structural binding forces of the PEM system.
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Consequently, this led to the slow release of the dye into the solution and to the
decomposition of the film. Different strategies are being investigated to improve the
stability of the dye in the PEM. Nevertheless, even considering the low cyclability of
the Chitosan-Nylosan PEM, this system could be used as a disposable sensor tool for

quick and inexpensive ethanol content measurements.

4.2 Study the construction of PEM and parameters controlling the growth of
PEM on nylon multifilament.

4.2.1 Investigati ndi on rmatlon on nylon

multifilament / \
4.2.1.1 Pre-gulld g ability on nvi -A m 1ﬁlament
The objecti !Iﬁé '\\\\\ d non-dyeable condition of

nylon multifilament. Laf€r g ! 1t1on will'be usedifor PEM formation in order
\ be attributed to PEM deposition.

and dyed with Scarlet G dye

to unambiguously proveghatithg’
Nylon multifilament was :
solution with pH 3-12.

Because of -; Sent in the molecular chain and end
groups of the nylon multifilament. Nylof m carbecome charged when the

X

pH conditions are changee

1y

NYloa 6 :  H-FNH-€(CH,)s—CO-OH

AuATI

chematlc of the chemlcal structure of nylon 6

ARANIMINIINAL. ...

ammomum group which was mainly interaction group, interact with sulfonate anion

group of Scarlet dye as follows,
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Figure 4.5 Schematigoi

\

-/- e end group in acidic condition

A less probable«ie: se¥Cicgacidic condition which may be
shown here is amide groups-were tonatedwand became carbocation that called
“protonated amide” [26 ' '

Ny

:9 3“ dtonation (l)H“
R-C-N-R R—é—N—R
I I
H H
Figure 4.6 Schematic of ch Crmic Bfamide group in acidic condition.

In basid e 3 ‘ s attacked by hydroxide

i |
and become carboxyl ‘group, as follow,

Auganengnen

QRN TN ENTINYG

COOr

Figure 4.7 Schematic of carboxylic end group in basic condition.

A less probable reaction in severe basic condition which may be shown

are, amide group was attacked by hydroxide and an amide NH was removed to form

the amidate anion, as follow,
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Figure 4.8 Schematic of chemical reaction of amide group in basic condition.

Figure 4.9 shows that with increasing pH a decrease in K/S values at

condition repelled the st aie" slof Sea rle; \-\ and the dyes could not affix

onto nylon multifila

1.2

06

K/S @ 510 nm

0.2

0 T ]

ﬂum‘nﬂmwmm b

pH of Scarlet dye solution

'agmas»amﬁmfm AANLARY., i

the pH of Scarlet G dye bath. (See the condition p.44)

Due to non-dyeable condition: pH 11, Scarlet G dye molecules could
not affix into nylon multifilament. So this condition was selected to deposit PEM
from cationic polyelectrolyte (PDADMAC) and Scarlet G dye on nylon multifilament
in order to unambiguously prove that the dye fixation was attributed to the PEM

assembly.
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4.2.1.2 Preparation of PEM on nylon multifilament at pH 11

PEM from PDADMAC and Scarlet G dye were deposited on nylon
multifilament at pH 11. The growth behavior of the PEM was studied by following
change in their K/S at 510 nm. It was assumed that the more PEM is deposited, the
larger K/S value is obtained. K/S at 510 nm of the fiber dyed in Scarlet G solution at
p As shown in Figure 4.10 and Figure 4.11,

the same pH condition was also obse
# en coated with PEM and specimen

there is a large different betw
dyed with Scarlet G dye solt

14
12 -
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£
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o @ no PEM
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Figure 4.10 K/S easa functlonejthe number of PDADMAC-Dye layer

A ‘Mﬁ% AEATA VR

(See the condltlo‘p p-45)

U

Figure 4.11 Schematic of PEM from PDADMAC/Scarlet dye on nylon fiber
(A) and dyed nylon with Scarlet dye solution (B) at pH 11
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When the number of layers is increased, the K/S value of dyed nylon
multifilament was not significantly increased because at pH 11, the carboxylate anion
groups of nylon multifilament repelled the sulfonate anion groups of Scarlet G dye.
Consequently, the dye molecules could not affix on nylon multifilament. While the
K/S values of PEM coated on nylon multifilament increased in a non-linear
relationship at the beginning of multilayer build up at the first 10 layers. The

additional polyelectrolyte penetrate in substrate/multilayer interface because the

thickness increment from eac
increased PEM thickness

increased since polyelec

ited. The increasing number of layers
of the additional polyelectrolyte
ate deeply into the multilayers.
Until the critical thicknesggd \ olyelectrolyte was not able to
\ §h were proportional to the number

(he PEM thickness was above

the critical thickness#limiteg .b1 > the deptk etration of the additional

penetrate deeper into the g

of layers in a linear rélatiqus

polyelectrolyte were a ayc the K/S values were almost

constant because it was 1on the specimen surface which

the resolution of Macbeth g ome puld not detect. This result confirmed

that PEM from PDADMAC 2

multifilament.

dye were successfully coated on nylon

Y X

4.2.2 Parameﬂs controllmg the growth of Plﬂ’[ on nylon multifilament

GUEANUNTNEINS
o PP RERTETD ol 11

The varied deposition time in this study included the fixed deposition
time in both of solutions, the fixed deposition time 5 minutes in PDADMAC and
varied deposition time in Scarlet G dye solution and vice versa.

If the deposition time in PDADMAC and Scarlet G dye was kept equal
for each specimen, Figure 4.12 is shown that deposition times as short as 15 sec are
sufficient to obtain a maximum deposition of the PEM thin film. Further increase in

the deposition time did not lead to any increase in the overall K/S value suggesting
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that the deposition process was complete. The fast deposition is expected that the dye
molecules size was rather small, so they moved easily within their system and sticked
with positive charges of PDADMAC very fast. The salt added in the solution
decreased the repulsion force between the already affixed molecules and the freely
moving dye molecules and promoted the additional penetration of polyelectrolyte.
The results show that at 15 second of deposition time, the adsorption of dyed on PEM

surface is almost saturated. The constant in K/S value was found after 15 seconds.

K/S @ 510 nm

Figure 4.12 ; valuee mu ame ,'J a function of the

depos‘,tlon time of the m ltlﬁlament in the PDADMAC and

F’] ﬂﬁ“ﬂ%ﬂ%?ﬂ*ﬁ‘“?ﬂﬁ =
AEAINIAAMI NI, ...

minutes and the deposition time in PDADMAC solution was varied from 15 seconds
to 5 minutes and vice versa, K/S values of these specimens were shown in Figure 4.13
and 4.14. The curve in both Figure 4.13 and 4.14 presents the same trend as in Figure
4.12
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Figure 4.14 K/S value of the nylon multifilament as a function of the fixed
deposition time of the multifilament 5 minutes in PDADMAC

solution. (See the condition p.46)
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4.2.2.2 Salt concentration

This parameter is believed to have the greatest influence on the amount
deposited. How does additional salt permit overcompensation further into the
multilayer ? Figure 4.15 is an aid to understanding our current hypothesis: in the
presence of salt, compensation of polyelectrolyte charge within the as-made

multilayer transforms from intrinsic to extrinsic [27].

Figure 4.15 Schem ;-"“:‘-:-—;-.;::;:;:::;‘;;;-:::-:-:;'-:.'E; by two oppositely
aeﬁp npensated as-made; with

the addition of salt, extrinsic compensation o¢curs (b), as ions swell the

multil rﬁ i )f : e presence of additional

piﬁlﬁ c‘iﬁﬁoﬂe aﬂﬁjﬂjace into the film is

~ seen. ¢ - .7
Q Wﬂe@;ﬁ‘nﬂ ﬁfm’ewfﬂqgt&%asad&rj with salt ions

and also €ontains more water, which is brought in with the salt. In the presence of one
of the polyelectrolytes (the negative one in this example), more polymer can add, and
the overcompensation extends further into the multilayer due to the effective decrease
in segment-segment repulsion (the multilayer polymer is diluted by water and salt
ions). Figure 4.15 depicts the swelling and addition of polymer as two distinct steps,
whereas they are, in reality, simultaneous. The swelling of multilayer by salt is shown

as reversible, while the polyelectrolyte addition is irreversible.
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Figure 4.16 shows the increase in salt concentration up to 0.5 M lead to
an increase in K/S values at 510 nm. This is due to the fact that with the presence of
sufficient salt concentration, a substantial amount of Scarlet G dye or PDADMAC
could add to the surface (much more than an equivalent monolayer of polymer repeat
units) since salt ions carry a hydration shell with them, more water is included inside
the film leading to swelling, decreased repulsive force between polymer segments and

permitting a longer range for the distribution of excess charge. Therefore a greater

increased above 0.5 M, the K/S
values at 510 nm decreasedvdue~to : the precipitation of Scarlet G
oe€ /‘/" . '\'i\\\\t\" oht induce more extrinsically

compensated surface chargé as / ) \ compensated charges (inside
4

\\\s and faster dye molecular

olyte from the surface of a

measurements of the PEM which
was constructed under the same, ! tion, onglass slide substrate as shown in Figure
4.17.

ifﬂuﬂqwﬂﬂ§WB
%q;maxanim ummmaﬂ

Figure 4.16 K/S value on the nylon multifilament as a function of the salt
concentration in the PDADMAC and Scarlet dye solution.
(See the condition p.46)
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ions were studied because generally,

e

Polyelectrolyte a

dilute polyelectrolyte'so sed. Tt agtofstudy the growth behavior
of PEM when the ﬁ'iY“i CRat ged from lower to higher
concentration than the riorma centration of po yelemolyte in order to verify that
the growth on the fiber present the same characteristics than on flat substrates. The

eoncentration ﬁl%&%ﬁ%a@xﬂ ﬁpﬂﬂ@m Scarlet G dye, the

fixed concentrafién of PDADMAC I‘mM and varied dye concentration, and the fixed

L -
concenﬁthfﬂlW?; ‘ mmﬂcﬁraﬁon.
q Figure 4.18 'and Figure 4.19 show the change in K/S value with

increasing PDADMAC and Scarlet G dye concentrations and increasing only
PDADMAC concentration up to 1 mM increased K/S values at 510 nm because the
increasing concentration of both increased the amount deposition of the additional
PDADMAC or Scarlet G dye molecules into PEM. After 1 mM, PDADMAC and
Scarlet G dye concentration, the K/S values were decreased because at high
PDADMAC concentration, the excess polyelectrolyte charges in PDADMAC solution

could remove some of the dye molecules on the surface and formed complex with
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PDADMAC in the solution but did not erode the rest of the multilayer because
stripping must occur absorbing polymer has had a chance to interpenetrate. Similary,
the existing surface dye molecules was minimally interpenetrated because the low
molecular weight. A solution of dye did not remove PDADMAC on the surface as
shown in Figure 4.20, because PDADMAC has already interpenetrated into the
surface. Stripping it off the surface induced the increasing film thickness.

E
= 2
o
@
®
2]
2
1
100
PD g.‘_,#?m goncentration (mM)
Figure 4.18 K/S~vaiue-of thenylon-multifilament &/a function of PDADMAC
-f Sca rafion. (See the condition p.46)
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Figure 4.20 shows the incfeasing Searlet G dye concentration in range 0.0005

— 0.5 mM increased th

amount of deposmo ;-

ately because of the increasing
et G dye concentration, K/S

value increased slowly} because o step Was saturated. A solution of

uJ

Scarlet dye did not remoin‘:gDADMAC on,surface because PDADMAC has already

e A BTN

PEM in this expgriment, was found sultable condmon to construct PEM with Scarlet

dyebe’ﬂ'W’?’ﬁ‘ﬁﬁ‘ifﬁ UNIINYAY
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le \ on multifilament for
#du.l ‘
-a__l’ua“ \ l DMAC 1 mM.

This experiment d€md; PDADMAC concentration had a

greater influenced on the an_the dye concentration. So the
PDADMAC concengfation | b led m—"—"‘ onstruct PEM efficiently.

The optimum concer ' . 3}', as 1 mM.

il LoV 1 R0 o
polyelectrolyt u fi n uitable condition to

construct PEM as follow

AR1a4A ILUNAINENA Y

Deposition time : at least 15 second
Salt concentration : 0-0.5 M
Polyelectrolyte concentration : 1 mM
Scarlet dye concentration : 0.5 mM
pH condition depend on the type of polyelectrolyte. If polyelectrolyte
pairs are composed of strong polyelectrolyte their system is independent from pH

condition while weak polyelectrolyte depend on pH solution.
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In this case, non-dyeable condition: pH 11 was optimum for measuring PEM
from PDADMAC/Scarlet G dye on nylon multifilament in order to prove that dye
fixation was attributed to PEM.

4.3 Dye loading and release behavior of silk multifilament

The objective of this study is to understand the dye loading and release

behavior of silk. Because silk ha

tness to washing and can easily stain

on other fibers. The basic eriments is an advantage prior to

the PEM deposition on d i - Qdor fastness to washing of silk.

ilk which were studied, are

exhaustion time, spee saltiConcentra nd pH of dye solution.

2 meters longlsilkmuitifila exhausted in Scarlet dye with a
concentration of 0.5 mM and a pH= and the varied exhaustion time was 30 sec, 1,
2,5, 10, 20, 30, 60 min. |

: these experiment increased
continuously when thﬁxha B 1gu,@4 21) because at pH 3, The

chemical structure of sﬂ} gesent ammonlum group (NH;") interact with sulfonate

group (SO3) Oﬁtuﬂq% m w:mﬂ:ﬂﬁral fibers, they present

a complicated sgucture which main y contain several amino acid types Therefore a

" RRSTRIAINAL ...

silk is mcreased For deposition time from 30 seconds to 2 minutes, the dye molecules
can stick on silk very fast. After the dye molecules can stick on silk slowly because
the repulsion of like-charged between additional dye and the dye which stick already
on silk. The advantage of added salt in the dye solution are decreased the repulsion of

them and increased the dye deposition.
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Figure 4.21 the exhaustion time.

Speed of spinner

Figure 4. . c speed of spinner on the dye

loading . The K/S value was fotn: St constant although the voltage of the

control the speed was increased e arg. insignificant effect of the

~ TR —_____{ )

spinning rate on dy e oading T horofore-siticivoro-rnme ,--';p dye solution directly in

order to prepare dyed silk

) U
 AUEINENINYINS
ARIAINTAUIM TN

to study improving color

fastness.
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Figure 4.22 K/ dyed silK's varied ‘\' of spinner.

Salt concentrationfang
The effect ofisz

dye loading on silk is shown in

Luinemiwens
AMNANTUNRAINTIAE

Salt concentration (M)

Figure 4.23 Effect of salt concentration and pH condition of dye solution
on dye loading on silk. (See the condition p.47)
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Salt concentration

When the salt concentration is increase, the K/S value increased up to
0.1 M and decreased after. Because the ions from salt decreased the repulsion of like-
charged between additional dye and the dye which stick on silk already led to an
increase in adsorbed amount of dye. For higher salt concentration to 0.1 M, the K/S
decreased because dye molecules precipitated with excess salt ions and inhibit the

adsorbed amount of dye.

pH condition
When pH isviag

amine groups of amino aei

eeflecreased because at low pH, the
pr f silk were protonated to form
ammonium ion groups whi. . \ pnate groups of dye. On the other
hand at high pH, the / / pS © \s\

form the carboxylate dflionging

ere attacked by hydroxide to
\o the Scarlet dye.

4.3.2 Dye réle

Because of § !}_ oW fastness to wash, the dye release
behavior was studied as follows. dver different length of dyed silk, kinetic
of dye release in seaping Jution, and gasg~in several pH of soaping

solution. V— Y |

Dye release bg%wor at different length dyed silk

ﬁﬂeﬂaﬂ‘nﬂmﬁ wd&] ﬂﬂtﬁre solution together at

same condltlon yed silk were was In soaping solution in order to study dye

TR Iy
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Figure 4.24 ; , -' 0 fferent le of dyed silk in soaping

‘ D an increase in the absorbance
because at high pH soapin, he- .\ groups (NH;3") of silk became
neutral amine groups so the sulfg oy 3" ) of Scarlet dye and the carboxylic
groups of silk reversed to i g gfoups which could repel the

.. R ——————— e
anionic dye moleculesZFinally, the Scar gi/silk. If the length of dyed

i
ja

silk is long, it means that the ame d stiK'is hi%r than for shorter fibers. So

the dye is released more, gle soaping solat}on after wash is slightly turbid so the

absorbances oﬂrﬂﬂdﬁ} ﬁ&jéﬁ?%ﬂqsﬂ\ﬁa‘ hydroxide into this

standard detergefit the solution were made more clear in order to measure the amount

¢
R VIRT Nt D4y el 1
than ¢ ec L@tﬂm 0 B rective ﬂrﬁiﬁlﬂoluﬁon which

was added sodium hydroxide was more clear.

Kinetic of dye release
Figure 4.25 shows the kinetic of absorbance of the dye as a function of

increasing time. For the first five minutes, the absorbance values were increased
quickly then after 5 minutes the absorbance values were increased slowly. Because of

at the beginning, the excess dye molecules on dyed silk were released very fast so the
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absorbance was increased immediately then slowly because of the following release
of dye molecules which stick on silk. This results show that pH of soaping solution
depend on kinetic of dye release. The comparison of time when the absorbance value
was fixed at 0.125 between pH 6 and pH 9.78 of standard detergent solution were
found that the dye release in soaping solution pH 9.78 for 5 minutes while in soaping
solution pH 6 for 30 minutes. These mean that the kinetic of dye release in soaping
olution pH 9.78 because at pH 6, the silk
iim groups (NH;") which stick with

‘ () +0.0919 e

solution pH 6 was slower than soapi
1

structure maintained the am

anionic dyes more than pH 9

\

E
& 0.5 P \ * M pH9.78
g .
g o\
e 01 v 017k (x) +0.0754
] A L2
_‘E & - =0.985
= 0.05 e
ﬁ ——
0 #— T ]
0 30 35

Figure 4.25 The kigetic of dye releage, from silk in soaping solution

FJI | 3189 78]s46ke%s) 33 P §difehontis) | S3e the condition p.48)

1 . L] 'i I“ 4 L] . i : ‘ _ - .
q increasing pH lead to an increase in absorbance values as it can be

seen in Figure 4.26 while the K/S value in Figure 4.27 decreased. At low pH, the

ammonium groups (NH;") of silk were maintained and could stick with anionic dye
molecules. So the dye molecules were released slightly in low pH of soaping solution
compare to high pH of soaping solution because the ammonium groups (NH3 ") of silk
reversed to amine groups while the carboxylic groups became carboxylate anions. So
the anionic dye molecules were repelled by like-charge carboxylate and release into

high pH of soaping solution easier.
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After washing dyed silk in different pH of soaping solution, the color
strength of dyed silk after wash was measured and shows lower K/S values because

the increasing pH of soaping solution increased the amount of dye release.

0.25
y = 0.0264x - 0.0393
g 02 - R =0.9367
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Figure 4.26 Absorb aping solution.
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pH of soaping solution

Figure 4.27 K/S of dyed silk after wash as a function of pH of soaping

solution.
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4.4 The stability of PEM on silicon wafer.

The low color fastness to washing of dyed-silk is generally a problem.
Because of the complicated chemical structure of silk which are mainly contain both
of amine and carboxylic groups from many type of amino acid in silk composition,
when silk were dyed with acid dye in acidic condition, amine groups in silk were

protonated and become ammonium on (-NH;") followed by attraction with
A

ic interaction so silk will be dyed
with acid dye easily. When dved-sil _ dard soap solution which are
high pH condition, the carboxylic ip %ide silk become carboxylate
(-COO’) while the ammogi

groups of acid dye canngi€omb

e to aine_group. Unless the sulfonate

ne grot 9s-but carboxylate anion groups

N

also repel the sulfonafe ani se phenomenon cause acid dye

molecules release from*sillgfes o (washi \ process. The idea which expected
to improve color fastnes§ tofwashing of dyed silk is coating PEM on the dyed silk.
The concept of the coa '- ' otder to protect dye release is

controlled charge density of,

- - = -
X g
_"sﬂpw .

il
o *, ®©®ee ® o & o

NENSNY AT

Scarlet G dye molecule

Negative charges W
e _® ® o ® ©

;'.o:::::..’.o:..o ':

Positive charge barrier

Figure 4.28 The idea which expect to improve color fastness to washing of
dyed silk.



Lttraction of oppositely charge

Figure 4.29 I'hig ex asé during washing process
v y
Negative char@;are : The nega arge d&ity on PEM surface can be

manipulated in order to protect anionic dye jelease from silk fiber by the like-charge

vt 83N DV INE NS

Positive uarge barrier: The ‘posmve char e density on PEM surface can be

manipu, nmcﬁvmwﬂﬂ ('Tﬁ)&ltractlon force
between smve ch negative ¢ e molecules induced dye

fixation inside PEM.

Before coating the PEM on dyed silk, the suitable type of
polyelectrolyte pairs, approximately thickness, and the stability of PEM were
investigated in order to choose the condition for PEM coating on dyed-silk. This was
done by coating PEM on silicon wafer substrate. Because the different thickness of

PEM on silicon wafer induced the different light interference, thus different
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interference color appeared. The approximately thickness was correlated to its color

appearance of thin film on silicon wafer as show in Table 4.1.

Table 4.1 Approximately thickness vs. color of PEM on silicon wafer.

Thickness (A°) Color

Brown
Dark Blue

- g}lt Blue
S¥eliow

27\ N
‘WS’AIK\\\\\\

The chffioed idf ks a

appearance. The advan{age of this techniqtie is \

§|~ can be observed easily by color
ability of PEM can be easily

 Ja

investigated by observation. : 2 1 s \- d is only approximative and
doesn’t represent analytical IS - ok / |

Different types _, ) e pairs were chosen to coat PEM on
silicon wafer in ordefytos pare the ikl ,, EM at low pH condition

because ionic inte ’jﬂ Tl st be maintained during
coating PEM on Eyed ccted mlyelectrolyte pairs  were
PDADMAC/Alginate and LDADMAC/PS$;co-MA. Cationic as PDADMAC and

wioricpoyei @b L ARG WIS B3 0 consract PEM

dyed silk becau$é PDADMAC is str‘png cationic g)lyelectrolyte independent pH
condltla ﬂiﬂ ﬂ ﬁ m ﬂtﬁ qﬂgm}ﬁql@lﬁndmon While
Alglnate nd -co-MA anionic polyelectrolytes depend on condition. At low
pH, Alginate contains carboxylic groups (-COOH) while PSS-co-MA contains strong
anionic groups as sulfonate anion (-SO5") which independent condition pH condition,
and carboxylic groups, in basic condition, carboxylic groups of both become
carboxylate anions induce higher negative charge density. So both of Alginate and
PSS-co-MA were constructed with PDADMAC at same condition except pH
condition that pH 4.5 for PDADMAC/Alginate and pH 3 for PDADMAC/PSS-co-
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MA to investigate the potential growth at low pH and receive higher negative charge

density during washing process. The result was shown in Figure 4.30

1400 -
< 1200
2 —e— PDAD & PSS
© 1000 co-MA
£ —®-PDAD &
£ 800 - Alginate
2
D
® 600 -
E
S 400
[=9
=%
< 200 -

0 ]

10 60

Figure 4.30 The app@ximatety thi ss anction of the number of layers
for a PDA y.f.‘?.e.e..f il d DADMAC/PSS-co-MA
multilaye f’fa’“; ,\ n wafer. (See the condition p.50)

7 Y]

Figure®4,3( r' erence in growth between

PDADMAC/alginate ! d PDADMAC/PSS-co-MA caused by steric hindrance of

polyelectrolyteﬁrﬁm%ﬂ %a%’w ﬁ% tration in their system.
ik)

erlc hindrance

QARG PIUNTYIE A B e

native cflemical structure of Alginate contains two large aromatic structure as o-L-

guluronate and B-D-mannuronate in its main chain. While the chemical structure of
PSS-co-MA are aliphatic main chain and contains aromatic ring pendant side chain.
When PEM from PDADMAC/Alginate were coated on silicon wafer, steric hindrance
of Alginate hindered the penetration of the additional Alginate in to the already
formed PEM. So thickness of PEM from PDADMAC/Alginate increased slowly.
While thickness of PEM from PDADMAC/PSS-co-MA increased faster because
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PSS-co-MA chain could penetrate into the already formed PEM easily because of

small size chain and lower steric hindrance compare to Alginate.

Effect of pH condition and salt concentration

In this experiment, PEM were constructed at low pH condition in order
to maintain the ionic interaction between sulfonate groups of acid dye and ammonium
groups of silk as describe above. So at low pH, charge density of Alginate and PSS-
4 PDADMAC did not change because
Alginate were constructed at pH

of strong polyelectrolyte.

4.5, the amount of carbo late groups slightly and added

IM salt concentration indu : ength of PDADMAC/Alginate.
So PEM from PDAD : w g) 1ﬁcantly growth. While PEM
from PDADMAC/P , the amount of sulfonate
groups were constant 1 c oxylate groups sligthly. So
the strong anionic grou ~ ationic groups of PDADMAC
: arboxylate groups more than
sulfonate anion, Na" couldffcon pet 7 AC to stick on carboxylate groups
induced the attraction force bf MAC/Alginate were decreased. In the

case of PEM from-RDAI

altseoncentration changed the
solution structure, _'5;_ o the chain more SCreening intra-chain charge
interaction and thus fagilita > ads@rption process leading to an

increase in adsorbed amgunts So thlcknes of PEM from PDADMAC/PSS-co-MA

e TIPS
cafmmmamﬂ TR

immersed in soaping solution half part and kept them overnight. The half part of PEM
which were immersed in soaping solution was thicker and more hydrophobic as
shown in Figure 4.31. Because soaping solution include anionic surfactant which are

possible to penetrate inside PEM and form thicker film as follows,
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Annionic surfactant

N/

Figure 4.31 ic surfactant on PEM

sval tion of film thickness. The

) to simulate the soaping solution

This pher
problem was solved by preg )
condition in order to avoid the inférference of anionic surfactant.

The figy ﬁﬁw no§t important parameters i.e.
salt concentration i??‘:l o0 the growth behavior of
PEM from PDADMAQPS e |

T
)
The apprqxgately thlcknes f PEM from PDADMAC and PSS-co-

MA 20 and ﬂ %ﬂ@ wfwﬁw El’]]ﬂ?afer at different salt

concentrations &id pH condition and PEM 40 layers were 1mmersed solution pH 10

W““"Q“W‘T"éWﬂ‘iﬂJ UNIINYA Y
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Table 4.2 Approximately thickness as a function of salt concentration and pH
condition of PEM from PDADMAC/PSS-co-MA 20 and 40 layers.

Thickness (A°) at different salt concentration (M)
pH 0.1 0.2 0.3 0.5 1 1.5 2
3 1000 800 700
Dark blue Brown | Brown
80 >3500
4.5 grey - -
: 3000
6 Green - -
2000 200
9 < een Yellow - Slightly
- v Brown
A
PEM 20 layers
PEM 40 layers
Table 4.2¢ shows the x1mate1 thickness of PEM from

PDADMAC/Pﬂ WZ%%%&% ﬂ thickness built from

20 layers was fHore unambiguously changed th&color appearaggge than 40 layers
becausQEWﬂlﬂlﬂrﬁ wu\ﬁﬁq %E}q-na Eje effect of salt
concentration on the growth of PEM from PDADMAC/PSS-co-MA was considered.
The increasing salt concentration at pH 4.5, 6, and 9 increased the thickness because
polyelectrolyte was highly swollen with salt ions and also contained more water,
which is brought in with the salt so more polyelectrolyte could add, and the
overcompensation extended further into the multilayer due to the effective decrease in

segment-segment repulsion.
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The excess salt concentration as 2M at pH 9 of PEM 40 layers was
very thin because salt ions were complexed with carboxylate anion of PSS-co-MA.

Excess salt concentration did not significantly affect the growth of
PEM at too low pH has pH 3 because the reduced charge density was insufficient to
form stable multilayers.

The increasing pH condition decreased PEM thickness because PSS-

co-MA charge density was increased due to the increasing amount of carboxylate

5000

4000

3000

2000

Thickness (A)

1000

0 % — » T T ]

- 8 9 10
pH of polyelectrolyte sol .”J on

Bk itk b
RIAINTELN AN Y

The demonstration of the growth of PEM at 1M salt concentration in

different pH condition was shown in Figure 4.33. In this condition, PEM from
PDADMAC/PSS-co-MA were constructed on silicon wafer at pH 3, 4.5, 6, and 9 at
IM salt concentration and found that at pH 9, the carboxylic groups of PSS-co-MA
were completely ionized and became carboxylate groups because the amount of

hydroxide groups were enough to attacked H of carboxylic groups and became
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carboxylate groups. So the stretched chain was received, PEM on PDADMAC/PSS-
co-MA at this pH were flat and thin due to the chain conformation.

At pH 6, the neutral groups as carboxylic groups of PSS-co-MA
increased while the carboxylate groups decreased because of the decreasing amount
of hydroxide present at lower pH. The increasing neutral groups decreased the
repulsion force between like-charges of intra-chain and making small loops inside the

chain caused the increasing of polyelectrolyte penetration. So PEM thickness in this

H condition was thicker than PEM at pH 9
: M

At pH 4.5, themeutral gro xylic groups of PSS-co-MA
were increased more thaifBH"6.de to the @oum of hydroxide in acidic
condition. So the increa ) fgroup u ewreceived and induced the large

\\ cpulsion force and encouraged the
penetration of the additioa@ll polys -~ lyte '- ~ -\' at this pH were thicker
more than PEM at pH 6

amount of big loops due i./ /

At pH 3, PS sMA 2 ‘ 0% unt of carboxylic groups led
to PSS-co-MA was very Ig hé s > electrostatic attraction in this
condition was received fro the charge density was too low,
the polyelectrolyte chain on_the surface were insufficient to

overcompensate the sprfa ace charges were not

f. e ———————————

reversed and thus ad$ofg S8 1'

Figure 4.33 Schematic of PEM from PDADMAC/PSS-co-MA on silicon

wafer at different pH conditions.
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Table 4.3 Approximately thickness of PEM from PDADMAC/PSS-co-MA 40 layers

after immersed overnight in solution pH 10.

pH Approximately thickness (A°) at different salt concentration (M)
0.5 1 1.5 2
3 1000: Dark blue 800:Brown 700: Brown
13 >3500: Grey |\ e
g " ] i
6 2500: 0:1
- \ : -

Thickness before immer. A é«" ;':
Thickn¢s§ aﬁerfmxﬁersé b o M/’J
l‘ . ‘ = 1

Then PEM sample§26-iz : constructed from PDADMAC and

AN

PSS-co-MA in pH 4.556,
PEM ‘

Samplel was iminers e(ﬁtely and kept overnight. It

was found that sample was .,shghtly decomposed

Sample on pH 10 and kept
overnight. It waﬂjﬁé ﬁt‘ sample wasﬁomposeﬂ;;:l!:ﬁ
ﬁwm E] 10 and kept
ovemlgﬁﬁua iﬁj m ;Im a

PEM from pH 6 and 9 were immersed in solution pH 10 immediately
and keep overnight. It was found that sample was decomposed a little bit and stable
respectively. So the suitable condition for coating PEM on dyed silk is as follows.

PDADMAC and PSS-co-MA concentration 1 mM, both of solutions
were adjusted pH 4.5 in order to maintain NH;"....SO;” and COOH was reversed to
COO’ in order to give the excess negative charged surface to repel the anionic dye

during washing process.
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4.5 Improving color fastness to wash of dyed silk multifilament by coating with
PEM.

Because of the low color fastness to washing of dyed silk, PEM was used to
coat on dyed silk in order to protect dye release with charges in their morphology. In
this case, PEM was constructed at low pH condition in order to maintain the ionic
interaction between the ammonium groups of silk and the sulfonate groups of Scarlet
G dye. Polyelectrolyte pairs which we | in this study, were PDADMAC, PSS-
co-MA, and PSS, all of théem. could b sttuetéd PEM at low pH. Hypothesis of

construction of PEM to p . ilk as follows excess negative

charge and loosen morpholgg d der ot 1y and top layers had been high
negative charge or positive ‘ v "

Coated dyed
from ISO 105-CO1 ip#ord

0ap using applied condition
istness to wash. The color

fastness was measured 3 ‘ 0 the standard soap solution

after washing by using UV&Vi

d Y
.mf" ,
4.5.1 Efficiency of P‘E 1A C/PSS-co-MA on dye release

protection

45115[ 0 : rs@

The numbfr of layers of PEM was varied in order to investigate the

sz 1 B TEYTRIFIBI Y ot e st

Figure 4.34.

mmmm PR (1T

found to be constant regardless the increasing number of layers. This result indicated

that the dye release behavior independent from the thickness of PEM from
PDADMAC/PSS-co-MA. It was also indicated that PEM can protect dye release by
20% ca.
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e elease behavior.

s€ morphology:

Hypothesis A: Excess

In this case, & M f Cre constructed at low pH.

PSS-co-MA had the »,,;?"fa‘ ylic which decreased the
repulsion force of likescharge ot and the 1oops were received. So PEM
were thick but had a looie morphology. W‘xﬁn PEM from PDADMAC/PSS-co-MA

which were cﬁeuﬂdfad‘ﬁlﬂ%?wgqsﬂ@ soap solution, the

carboxylic grouﬂ inside PEM became carboxyhc anion groups and led to excess

negati ﬂﬁl Hﬂflqu rgj atlve charges
could bi ect d@ molecules release

into the standard soap solution. Model in this case as shown in Figure 4.35.
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RIRE

W/

_—‘ Repulsion of dye molecules with
excess negative charge in PEM

Dye molecule : N

Dyed-silk
is A
4.5.2 Efficiency of Afrom. D, AC/PSS on dye release protection
15¢ fror 7 coated with PDADMAC and
PSS NN

In y:_‘_ D. 0-MA were coated on dyed
silk in order to makﬂhe arged %sity on the surface during

washing process to suppgess the anionic d rom discharging into standard soap. In

o o S o 1 b

purpose. Howe¥gr, it was expected that the structure of PEM from PDADMAC/PSS

meN LT E e AT

Figure 4.36 shows that the absorbance was decreased when the number

of layers increased as the PEM became thicker so it was more difficult for the dye
molecule to be released. Generally, as the concentration of salt increases, the
thickness of PEM is also increased but the structure is looser. As a consequent, when

the concentration of salt increased, the absorbance was almost constant.
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Figure 4.36 Effe 1ed salt concentration on dye
4.5.2.2 Effect: sity on the top layer
From 4.5.2 the PEM contains anionic

polyelectrolyte (PSS) which hz iency to protect dye release. In this
experiment, the top) laye ompared b o charge of PDADMAC and

negative charge of PS8 : sney to protect dye release as

shown in Figure 4.35 | | U
Figure 4.37.shows that PEM with PDADMAC on top had lower

efficiency to pﬂe%)y stwsnwsg’]ﬂa‘yjr It was expected that

the positive chyged surface attractfd small amomc dye molecules in the PEM to

come rﬁ mmkﬁ msmﬂ(]lﬁ%}iye molecules

were easq to release 1 soap
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Figure 4.37 -5 tfofy coated Silk Wi tWPEM from PDADMAC/PSS
i JAD on top layer.
(See onditiof p.S:
W redeyy
aadins. < o)
Hypothesis B: Top laye h 0 e charge density but dense
~wmorpho: 2y Lhgtop layer was PSS.
Uz ~
In this case, PE Vi fro Swere ‘; structed at low pH. Both of

polyelectrolyte pairs werg ﬁ‘trong polyelecsglytes which are independent from pH

condition. So ﬂ quﬂ Mx‘ﬂrfa‘ Wﬁqtﬂiﬁcharge led to almost

stretched chain.@BEM from PDADMAC/PSS were flat and dense morphology. The
o/

¢ o ;
s o] O LSRRV AT RV B o
\
densityﬁ ce ¢oul mc ofectileS fel€ase into sfandard soap by
hindered the mobility of small dye molecules and repelled sulfonate groups of Scarlet

dye by high negative charge density on PEM surface. Model in this case as shown in
Figure 4.38.
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Hinder dye release with dense
morphology and repulsion of dye
molecules with negative charges

Dye molecule

Dyed-silk
Schematic.0f Hypothesis B
Hypothesis ( \\'\\\' \_ density but dense
\'H'\ e top layer was PDADMAC

In this case, PEM' from"PD PS '\\ had high negative charge on PEM
surface led to fixation of dye melecuies c PEM by attraction between anionic
groups of dye and cationic _ ips of PDADMAC. Dense morphology of PEM
hindered the motiyation/of small dye ‘mc efinto standard soap solution.
Model in this case ig( J

Dye molecule

Dyed-silk

Figure 4.39 Schematic of Hypothesis C
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4.5.3 Comparison the efficiency to protect dye release between uncoated
dyed silk, PDADMAC/PSS-co-MA coated dyed silk and PDADMAC/PSS coated
dyed silk.

Before coating on dyed silk, PEM from PDADMAC/PSS-co-MA and
PDADMAC/PSS were constructed on silicon wafer in order to find the condition
which both PEM had the same thickness. Then PEM were coated on dyed silk
multifilament and wash in the standard soap. The absorbance at 507 nm of standard

soap solution after wash for une 02 \\:\ dy PDADMAC/PSS-co-MA coated dyed
silk and PDADMAC/PSS coated dyed sil in Figure 4.40.

PEM from PDADMA C/PSS-¢6 ad low efficiency to protect dye

release because the film e slicn -\.'--\Ni essed.more free space to encourage the

10
small dye molecules 40 ./ / Q » se structure of PEM from
PDADMAC/PSS had heftesf ¢ " \\ case of PDADMAC/PSS, when
PDADMAC was onhe t6p J2 A PDA ﬁx \ -
s ! b AW it PEE with PSS o

an, induced small dye molecule in

PEM to migrate to the gtirfae J§ od

the top layer. PSS was aSs ef‘kgé lhe"dye soithat it can not come out. This
Vgl

results show that PEM wi 'é“_';,'-"r" op 1z had the efficient dye release for about

ational coated dyed silk.

et

47 % of the uncoated dyed sillg S

12 - T
V.

- 3
g
2 0s - 0.638562557 0.618790294
® 0.537234841
$ 06
=
i, Fl
s (4
aoﬁ

1 = Uncoated dyed-silk

2 =PSS-co-MA 30 layers

3 =PDADMAC on top layer 21 layers
4 =PSS on top layer 20 layers

Figure 4.40 Comparison of dye release between uncoated dyed silk,
PDADMAC/PSS-co-MA coated dyed silk and PDADMAC/PSS
coated dyed silk. (See the condition p.53)
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