CHAPTER II
THEORY AND LITERATURE REVIEW

2.1 Definition and general description of polyelectrolyte [1]

The term “polyelectrolyte” is employed for polymer systems consisting of a

and low molecular “counteriof: L or electroneutrality. Example of an
anionic and a cationic poly¢cleetrelyte ed in Figure 2.1
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Both N monium chloride)
are dissociated @ﬁﬂlm ﬂ?ﬁuﬂkjﬂm the total pH range
between 0 and 14. Also ers 1ik& pol lene imine) are
usually a eﬂaﬁ‘iﬁ:ﬁlm uﬁ{ﬂ}ﬁ%ﬁﬁ a polyion-
countenon system only in a limited pH range, and remain as an undissociated
polyacid in the acid range or undissociated polybase in the alkaline range.

respectively (Figure 2.2), a behavior typical for weak polyelectrolytes and quite

analogous to weak low molecular electrolytes.
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Figure 2.2 Dissociation equilibrium of the weak polyelectrolytes
(a) poly(acrylic acid) and (b) poly(ethylene imine).

On the other hand, a polym « liké follulose capable of dissociating partially

into cellulosate anions and cew ; cmely alkaline conditions (pH > 14)

aqueous SYstem's the O 01 \\\\
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ventlonal pH range of dilute

A special case o lyz pholytes,” carrying both
anionic and cationic gfoups : 0, the'macromolecule, are presented in
nature by an abundany J \:\ also be obtained by various
synthetic routes. An exafiplg o cofediin Figure, 2 34as a typical polyampholyte,
this copolymer carries cati@hig i “‘-'.', aci Jlanionic charges in an alkaline
medium. | =

Figure 2.3 Chemialsstructure of a nfaléic acid-diallylamine copolymer.
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In principle, any macromolegular chemlc tructure can e transform into a
polyeleﬁ)w q.\aﬁa)ﬂ ﬁmﬁ W r] ?aﬁ%‘e’;}la Bf ionic groups
to the polymer backbone, with linear or branched macromolecules at a compound
soluble in an aqueous medium of appropriate pH after introducing a sufficient number
of ionic groups. In the case of a crosslinked polymer its swell ability in aqueous media
is enhanced by transferring into a PEL. A vast number of polyelectrolyte classes

known today are listed in Table 2.1.



Table 2.1 Selected classes of polyelectrolytes

Anionic and cationic polysaccharides and polysaccharidic derivatives
Nucleic acids
Gelatin
Lignosulfonic acids

Polyacrylic and polymethacrylic acid and its copolymers

Maleic acid ‘drlde copolymers

Homo- apd'cgpolyimers ¢ ’ ( \ ic acid esters

/A

“ ‘\
Table 2.1 demonstraf€s ghg remark ariability of polyelectrolyte chemical

er of polymer backbone structures.

structure, resulting from the ﬁﬁ"’%ﬁ?—
Today’s commercia j- D obtained by a polymerization,
polycondensation, & Jf x4 bus important PEL also
originate from nature Bch as gelatin, as'a rep sentat' of the widespread class of
proteins or pectins belonging to the group gf anionic polysaccharides. Furthermore,

some PEL of ﬂ M%}%ﬁ% o Shbmicdl Imadification of nonionic

natural polymermsuch as cellulose or‘starch
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structures of anionic or cationic sites responsible for the

preculiar behavior of PEL in solution is rather small (Table 2.2)



Table 2.2 Structures of ionic sites of PEL

-COO -NH;"
-CSS =NH,"
-0S05” =NH"
-SO5y" -NR;*
-OPOs>

These ionic group Lh,_‘. | anionic and cationic; a further
: SIC groups is reasonable in analogy to
“strong” and “weak” acidssafitLiases 6f 10w mo! . v ar hemistry with the sulfonate,
the sulfonate-half ester, anfl th€ fefraalk /12 \ 0 ,,\ oup being representative for
the so-called “strong P v |

Besides the @ oniC site, the average distance

between the adjacent a e polymer chain is a decisive

parameter determining Pil .' ; lespecia \\ e dissolved state. This charge

age distance between ionic sites,
taking into account chain bond ;:, é" Y, Ofjasithe average number of ionic sites per

monomer unit in fhg

atter definition yielding

comparable data only &L Avith an ionic component.

Besides this average c@ge denstty; the'regularity of d@ibution of ionic sites along
the chain can also influenee.PEL propertiesgignificantly, for example, with regard to
i s G, B R T B Gror e 1

per 10 monomeri units is present in 2 copolymer.Ini

-/
RS TN TN o
determiniqg L properties is the location of the charged sites within the molecular

geometry of the macroion. According to Figure 2.4, principally distinguish between
an integral type of PEL with the ionic sites being part of the polymer backbone and
the pendant type with the ionic sites being attached to the backbone as a side chain
with a broad variability in spacer length. The geometric position of the charged sites

is relevant especially in polyanion - polycation complex formation.
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Figure 2.4 PEL of the integral of pendant type: (a) linear poly(ethylene imine)
as an example of the integral type and (b) poly(vinylamine ) as an

example of the pendant type.
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Besides these three pz amete it the macroion, the species of low

molecular counterions ha: . perties of the whole system in

solution, especially on so

; atlon Two examples may

securing elctroneutrality: il na'- poly(diallyldimethylammonium)

illustrate this and demonstagfc / / \\\\ on is.n t Just an anonymous particle
/% § ",

polycation is easily s

i€ if \ z' F 1¢ corresponding iodide is rather
insoluble. The K salt of §6 ter it h1
stiff, cuttable thermorevergibl gﬂ% b“ '

while the Na* salt of the sange sasifite at th e concentration gives quite a normal

\ cular cellulose sulfates forms a
9

entration between 1 and 2 %,
polymer solution of the expecte (STOSItY .

2.2 Formation "}f

' ‘

Polyelectrolyte m;;ltllayer films created via Layer -by-Layer (LbL) deposition

are currently u Ea'These polyelectrolyte
based films arqu capa ﬁe@ogf ﬁmzanon ﬂ sﬁ)rgamzanon process of
polyele ﬁwlsﬁcvj ET)TﬁyJ SA), has been
well doﬁnﬁeﬁ:a ﬁﬁim

Startmg in the early 1990s, Decher’s group began work on the realistic method
for the ESA of nanolayers over charged substrate. The process developed by Decher
has increased in popularity since its introduction. This is a result of the method’s
simplicity and the fact that polyelectrolytes as well as charged nano objects can be
deposited in a controlled manner. Biological compounds, conducting and light

emitting polymers, and dyes have also been deposited onto suitable substrates via
ESA.



9

The LbL process is based on the alternating adsorption of charged cationic and
anionic species. The process begins by properly charging a substrate. The charged
substrate is then primed by adsorbing a layer of a polyelectrolyte with an opposite
charge sign to that imparted to the substrate. Once the substrate is primed, it is then
dipped into a solution of a counterion polyelectrolyte. A rinse step is included
between the two adsorption processes to remove excess as well as to prevent cross-

s. These simple steps complete the LbL

deposition of the nanolayers.

contamination of the polyelectrolyte sol
t be created by simply dipping the

;

substrate in alternating anio
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Figure Zya Schematic of the glectrostatic self-assembly (ESA) [4].
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Ffom Figure 2.5 top: Simplified molecular concept of the first two adsorption

steps depicting film deposition starting with a positively charged substrate. The
polyion conformation and layer interpenetration are an idealization of the surface
charge reversal with each adsorption step which is the basis of the electrostatically
driven multilayer build up depicted here. Counterions are omitted for clarity. Figure
2.5 Bottom: Schematic of the film deposition process using glass slides and beakers.

Steps 1 and 3 represent the adsorption of a polyanion and polycation respectively, and
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steps 2 and 4 are washing steps. The four steps are the basic buildup sequence for the
simplest film architecture (A/B)n where n is the number of deposition cycles. The
construction of more complex film architectures requires additional beakers and an

extended deposition sequence.

2.3 Parameters controlling the growth of PEM [2]

2.3.1 Type of polyg

The type of g thlckness For instance, the

acrylam1de sulfonate)/poly

multilayer thickness 1ncpéasgs

(diallyldimethylammomnftim£ ), (P -. \l AAC) < poly (styrene sulfonate)
/poly (allylamine hy bchioride) §3 31 @ \ S/PDADMAC. All these
polyelectrolytes are flexible. ? DHTnsic \ length for PSS, PAMS and

PAH is similar (approx. 1 g persistence length of PDADMAC is
slightly higher. 7 :

Therefor&) thi chain_ stiffness 7 : :)i} only reason for the
differences in mul ‘}" tha the balance between
hydrophobicity and hy@)phihc y of the polyelec rolyt@plays an important role for
the thickness. While PSS has,a hydrophobicgackbone and is not water soluble below

oo SR BN WA RS-

Thel type of multlla%er growth depends also ngp the type of

polyele ('T awﬁﬁww ﬁ arly with the
number position cycles, w e thickness PSS/PDADMAC multilayers

increases linearly or exponentially depending on the charge density of PDADMAC.
The exponential growth is related to a higher surface roughness and internal

roughness than in the case of linear growth.

2.3.2 Effect of polymer charge density

A minimum charge density is required for the formation of multilayers.

Below this charge threshold the charge reversal is not sufficient. In the case of strong
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polyelectrolytes the charge density is varied by changing the chemical structure. For
instance, a PSS/PDADMAC multilayer can be built up at polycation charges > 70%.
Above this threshold the charge density does not affect the polymer density (electron
density between 0.374 and 0.393 A° ).

Not only the average charge density, but also the distribution of the
charges along the chains plays an important role for building up multilayers. The

adsorption of block-copolymers show‘ W a short strongly charged block (10-20%

of the total number of monom is sufficient for the formation of

multilayers, even if the aver e de ow the charge threshold that is

required for multilayer fo

2.3.3 Influence of.i

ed with angstrum precision
by adding salt to the aff 1on solutigns, e screening of the charges
1 ' ules are more entangled with
increasing salt concentratidh. ghis res .' a large kness and a stronger internal
and external roughness of fthe adsorbed: ."The increase in thickness d is

proportional to /B (I: ionic stre‘

o

he studies in the literature report an

exponent B of the ]
Lo“sche et al., sho h‘Z{
(PSS/PAH) varies lingly wit
concentration range 0.5-3 mol/I NaCl additiyve. At low ionic strength, i.e. below 0.5

molt NaCl o A BHEPYPRIPGINRIE F  copentence s st

The latter behavidr is also reported bz other groups agamst air or water Above a salt

SR A TN TS

PSS/PDADMAC multilayers increases proportional to  or / 0‘Sdepending
on the PDADMAC charge density.

b dej fof different polyelectrolytes.
& thickness of a layer pair

of Ee dipping solutions in the

Beside the segment—segment repulsion also the attraction between the
polyelectrolyte and the oppositely charged interface is screened. Therefore, one would
expect a decrease of adsorbed amount at high ionic strength. For some systems, as, e.g.
PAMS/PDADMAC or PSS/PDADMAC, this decrease has been observed, but the

thickness of PSS/PAH multilayers increases even above an ionic strength of 1 mol/l.
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There seems to be a paradox: On one hand a minimum polymer charge density is
required to form multilayers, on the other hand multilayers can be built up at high
ionic strength where the electrostatic interactions are screened. These results indicate
that macroscopic mean field theories like the Gouy Chapman theory do not describe
the multilayer formation at high ionic strength. Two other explanations for the
adsorption of polyelectrolytes are possible: Firstly, beside enthalpy contributions also

the gain in entropy plays an impo e due to the release of counterions during

multilayer formation. Furthe ion) fluctuations near the surface

should be taken into acco ce ‘visible’ for the oppositely

Beside the typ€ of ' \o salt also plays an important
role for multilayer forffatign. /S all 1ons have arelatively small polarizibilty, high
electric fields at short digfangfs 4r '
a well-ordered large hydfati %}%I (cosn
g Sy

Chaotropic ions are large v Jsigr ifica

yater of hydration. They have
ons, water structure makers).

arizibility, a weak electric field and

audl CI'<Br’. Both the results
for cation and anion v@tion indicate’an"inereasing int@action between the ions and
the polyelectrolytes with;dﬂeasing hydratipp shell related to stronger polarizibility

of the small ioﬂ 'lu ﬂ@c%ﬁ%@w cﬂiq ff]tﬁgpolyelectrolyte chain,

which in turn ifiéreases thickness aéld roughness of the multilaa/srs. The effect of

=
anions 4 Wﬁﬂtﬁ gﬁﬁ‘qﬂ ﬁ]ldT&i\Ela much larger
differen‘ai polarizibility than typical cations due to their larger variety of their

diameter.

ed in the presence of

L

different types of sal i

The increasing interaction of Li'<Na’<K® and CIl'<Brwith
polyelectrolytes has also been observed in solution detected by decreasing viscosity
and conductivity. Also, theoretical calculations predict an effect of the ion type on
their distribution around a polyelectrolyte. Short-range dispersion forces have to be

added to DLVO forces to describe this effect.
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2.3.5 Type of solvent
The solvent of polyelectrolyte solution affects the interactions between
the counter ions or salt ions and the respective polyelectrolyte. For instance, methanol
and ethanol have a poorer solvating effect on the ions than water has, which leads to a
stronger ion-polyelectrolyte association, i.e. a stronger coiling of the polyelectrolyte
chains. This is the reason for increasing multilayer thickness with increasing ethanol

concentration and a decreasing conductivity of polyelectrolyte solutions (the

In a first approac i gort, mater: ust carry a minimal surface
charge which, if not int v ] \ e treatment. If the charged

substrate is brought i ¢ Solution ef'a,polyion of opposite charge, the

first polymer layer is a { sstby the sa \ nechanism as the subsequent

film growth by ESA. ST \
The choice of subst i dominated by their convenience for

particular analytical methods. ‘ 'TW_— slicon wafers, mica, and gold coated

3
s B
= YD

supports are materidl$ toNthéin transparency, glass and

quartz are most suitable e scopy, as well as optical
microscopy. Silicon w@rs are w psomaﬂc studies and may serve for
IR-spectroscopic investiggt'ms as they are tgapsparent in a wide IR-range. Also, their

st s A4 4 1Y Y SN s e

field microscopyilFor these purposes, mica and float glass present alternatives. Gold

¢ o v/

coated ﬂr Tﬁﬂ m in Mdﬁq%ﬁqﬂqbgquartz crystal
microbaquKQ and studies by surface plasmon resonance (SPR) as well as by
IR-RAS

All the above mentioned materials are additionally characterized by the
simplicity with which charged groups can be created on the surface. The surface of
cleaved mica sheets are inherently negatively charged in water, due to the dissociation
of the potassium cations of this alumosilicate in water. The silanol groups at the

surface of glass and quartz, as well as of silicon wafers due to the thin surface layer of

oxide, can be easily deprotonated by base. Treatment with various functionalized
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silanes, such as trialkoxy-3-aminopropylsilane, provides an additional, “easy” access
to positively charged surfaces. In a similar way, treatment of gold with functionalized
thiols or disulfides, respectively, enables the tailoring of both positively (e.g. when
applying cysteamine) or negatively (e.g. when applying mercaptoundecanoic acid)
charged surfaces.

In this regime, the thickness per layer pair is characteristic for polyelectrolytes
employed and conditions applied (po concentratlon ionic strength, rinsing and

d that this thickness increment is

drying steps etc., see below). I )‘
_ \\

independent of the chemi al “nature o However in a few cases, the

thickness per layer pair was reported tojdepe } detailed nature of the support
even during stable multilaye .J/r : ~

7/

Although the hitheffo g sloye
wafers, or gold surfaces mifly / l y \'\\‘\ r thorough characterization
for practical applicatiofis qthe ? \.\\ b€ desirable, notably organic
polymers. These howevyer ay 1all ".'" hydrophobie materials and were thought
not to be suitable as subsfratgs. ?I;E ' yario

often oxidation reactions or plaggia freatme

iethods of surface modification

e uSed to introduce a certain number

of charged groups, before using

=

upports for ESA. Nevertheless, a

number of untreatedypol

iscful even without previous

A

treatment, such as po[y(
due to some carboxylicgcid end groups;'e
the ester moieties, is yet @n.gpen question. Lhe possibility to deposit ESA-films to a

v v SR YRS W S oo, o

or on form var%omts to the secoxad explanatlon As expectedoupports made of

umreateg] Ets oga;&ﬂ\ﬁegu wﬁly}ew Wﬂuomethylene)

give poorg

Only few studies exist investigating the effect of the geometry of the

successful adsorption is

her it ism!e to dipolar interactions via

substrates. Planar solid supports have been mostly used, for convenience. Other

geometries, such as fibers, seem to pose no particular problems.
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2.5 Textile fiber substrates

2.5.1 Nylon fiber [6, 7]

Nylon fibers are, made up of linear macromolecules whose structural
units are linked by the -NH-CO- group. Consequently the term polyamide is
frequently used. However, nylons the structural units are essentially aliphatic and, by
definition, less than 85% of the amide linkages may be attached to two aromatic rings.

In practice, in almost all examp ne of the amide links are attached to

two aromatic rings. If 85% ide linkages are attached the two

aromatic rings, then thes t fall into a different generic
group. _
Nylon po mat ays The four most important

for industrial polyme
1. the condensafionfof,

2. the self-condgi

3. the hydrolytic of pg S which involves partial

hydrolysis of the Jacta -}--— ¢ amino ; and
4. the anhydrous addltlo

Nylon 64the n

of lactams.

ang; which is formed when 6-

aminohexanoic V_ fiterna im Jas represented in reaction

2.1 m
HEINENIREARy e
) ﬁ?ﬁn’é‘f SRR I A

alkali or alkalme earth hydroxides, hydride and alcoholates as catalysts. However the
hydrolytic polymerisation is normally used for fibers. A small quantity of water,
aminocaproic acid or another monobasic carboxylic acid needs to be added to catalyse
the reaction. An addition of 5-10% of water is often used in industry. The reaction
involves a water-initiated ring opening of the caprolactam (2.2), which is a reversal of

the reaction in 2.1, followed by a condensation polymerisation (2.3) of the
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aminocaproic acid. Mechanistic studies indicate that a direct addition polymerisation

of carprolactam also take place in the reaction 2.4.
nHN(CH)sCO + H,O —— nH,N(CH,)sCOOH 2.2)

nHN(CH)sCOOH ~ > H-[-HN(CH,)sCO-],-OH + nH,0  (2.3)

nHN(CH;)sCO (2.4)

Figure 2.6 Unit cell of a-form of nylon 6
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{—Molten polymer supply
1

P

-1— Meter pump unit

— —Filter and spinneret
L‘ [J’ pack

| Air cooling chimney

Heater

Draw zone

:h\ Draw rcilers

Ml Spm ﬁmsh

Take-up

Oifiber production
The properties of nyl epend on the type of nylon, the cross
section of fiber, whether b pey _50 spun yarn, and how the
fabric is constructed ) Y ]

Strength \ ylon cgulat J» d high tenacity strengths.
Although one of the hgths.st textile fibers it Wlso one of the strongest. It is surpassed
in strength onl

W ww&%ﬁqm high-tenacity viscose
rayon as well as polyester

1bers

oo A TR AT L o

stretched, nylon has a strong natural tendency to return to its original shape. Like any
other textile, nylon has its own limit of elasticity. If stretched too much, it will not
completely recover its shape.

Effect of heat. Like acetate, nylon will melt if the iron is too hot;
therefore, the iron should be set at the proper heat level. Special care must be taken
with fabrics made of nylon 6 because it has a lower melting point at 216 °C than

nylon 6,6 at 250 °C.
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Reaction in acids. Nylon is decomposed by cold concentration solutions
of such mineral acids as hydrochloric, sulfuric, and nitric acids. A boiling dilute 5 %
solution of hydrochloric acid will be decompose the nylon.

Reaction in alkalies. Nylon is substantially inert to alkalies.

Affinity for dyes. Nylon 6 has greater affinity for dyes than nylon 6,6 and

can be more easily dyed with a wider range of dyes. Both types of nylon retain their

include: acid, basic, vat, direct,

color and have good resistance to fading. Dye which can be used for dyeing nylon
2.5.2 Silk fiber [8;

Je & 1
and present niilcl:(yZ:n 1/ / \k\\\

oer has only peptide linkages

es. Silk fabrics are luxurious

in appearance and feel#®Si]k# 1Y) SArG \ on to its filament fineness.
It is very elastic and vefy w ot 23 p\ \\\\ and gives up soil readily.

Silk dyes and prints readiy fg desy it is adaptable to a variety of

fabric construction, from & v [Shidex it ', fab 0 heavy, stiff, bouffant fabrics.

Silk fiber construction anc howrlin Fxgure 2.8 and Table 2.3

QW’lﬁNﬂ i 34 'TJ Eﬂﬁﬂ

g — - —

Figure 2.8 Chemical structure of silk fiber [9].
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Table 2.3 The side groups of silk fiber [9].

tion (g amino
. .ddw per 100 g protein)
Type Sidc group Amino acid in:
= Sitk Wool |~
fibroin |keratin e

—H G ) 438 &5 19

Inert i, oot 264 41 35
—CH(CH,); { Valioc 32 5.5 602
—CH,-CH(CH)). Leucine 08 97 | 1055
—CH(CH)-CHo-CH, isoleucine 137 o 527

—CH,;-CH, Phenylalanine 1-5 1-6 646
cidict .| . —CH;COOH .4 Aspartic acid 30 727 | 670
At | R CHoCOoOH Glutamicacid | 2903 | 160 | 2203
Batict | —CHaCH;-CH,-CHo NH; |Lys 0-88 '.22 s2s

—(CH,)y"NH-CINH)NH, |Argini 105
N:CH ‘

—CHa_ | 07 3-24
e
0! —CHOH = . 9-5 5-87
Hydeoxyt —CH(OH)C = a0 . . 6-6 4-53
—CH,-C s 2 - 61 628
inpt
wings 72 10-54
Doublc§ 11-8 0-40
Miscel-
lancous 0-35 3-50
07 1-37
* After Harridlf37] l
1 May be pes nt( red (orms, _' £ ' NH;3* . The acids may
also be present as ecil umides, S \
! I Fits into the g

This results in some distoflio the L n.

& Joins on between ¢
There may also be sma
singlc amino acids.

1wo positions in the chain,
teinic acid groups, which arc

The physicalagd-chemicai-pre F" e given as follow,

ig Y

U

Ph yszcag;ropemes

R S’m’ﬂ Efnaeﬂfwmjlﬂeﬂ PP 25i5 ofiis s
q RIS Ao

readily bu not as quickly as wool.

Moisture absorption. High, absorb 16% at 65% relative humidity and 70
°F. Water does not affect silk. Silk is more resistant to water than wool.

Heat. Can with stand finishing temperature up to 340 °F for short

periods of time.
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Chemical properties
Acid. Similar to wool. It is not damaged by most acid solutions.
Concentrated strong acids will destroy silk; nitric acid causes silk to become yellow.
Alkalies. More resistant to alkalies than wool. Alkalies may affect some
dyes used on silk. Silk can be dissolved by hot 5 % sodium hydroxide.
Dyeing. Much like wool, but takes a deeper shade. Silk will absorb

dyestuff at lower temperature than wool. Acid, direct, basic, and vat dyes can be used.

2.6 Spectrophotometer [10

Spectrophotomet€rs aie Ume re the reflectance from, or the
transmittance through, 1 ' ' ength They have many uses

ble region (380 — 780 nm)

as carried out on instrug s'espe 7 designed for eolory easurement.

besides color measure

The main compogéntg’o af? shéctrophote crsyfor color measurement are a
source of optical radiation S f' 1 for ning the geometric conditions of

measurement, some means g : ¢ highty andia detector and signal processing

systems that converts light into s : gitable for analysis.

Physical pro P4 ies f the” Specitmen acagured ultimately determine
instrument design. Ih;r ticular, many m :;}j escent, using fluorescent
colorants or fluoresce i en: TeCts design of the illumination

system. The absorption .and scatterlng charactenstlcs of colorants lead to slowly

varying reflec w ﬁ Wﬂj ﬂﬂ’ength thin the visible
e

spectrum; this affects the design o e dispersing tector and signal processing
system xﬁr null detector,
signal Emﬁgﬂm ﬁﬁﬂ mm ﬂuld be at least
as sensitive in detecting small differences in color as an observer.

2.7 Kubelka - Munk equation [10].

For opaque systems, reflectance is transformed to the ratio of absorption, K, to
scattering, S, (K/S),, known as “K over S.” The scalibility and additivity requirements

apply to the individual absorption and scattering properties for each colorant.



21
Ryi = 1+HK/Sh-[(K/S)? + 2(K/S) 172 2.5)
For opaque materials, Kubelka and Munk found that internal reflectane, Raii

depended on absorption, Kj, and scattering, S,. Reversing this equation gives the

well-known relationship between (K/S) and Ry ;

(K/S). = (1- Rai)*/2 Ry (2.6)

When using these eq *___H , flectance is scaled between zero

and unity, not as a percentage=iNotice that K ﬁappear as a ratio.

Protein fibers thers® deri animal source, the most
important of these bein fd si :' e omponent of the wool fiber is
the protein keratin. The it \\ of a long polypeptide chain

ont t

efed amino acids that are found in

most naturally-occurring proteinS=As-a result 0! the diverse chemical nature of these
. . . G . o
amino acid, the prote ans - are ‘of acter, containing functionality
h"' e -v. - - -
which includes, for XFTIpIE;-amino and- yy'carboxylic acid, thiols and

alkyl groups and heteroeyclie y rva% the polypeptide chains are

linked together by disul{;de (-S-S-) bridges derived from the amino acid cystine.
=

There are alsoﬁ lﬂﬁﬂﬂﬁwm.@(ﬁﬁ;) and carboxylate

(-CO0O) groupsgw ich are located on the amino acid side-groups and at the end of

polypeptide ins : : ‘; ﬁﬁ( y some part in
the forﬁﬁﬁﬁﬁﬂlﬁdmﬂﬁﬁmgm ers’ Protein fibers
may be dyed using a number of application classes of dyes, the most important of
which are acid, mordant and premetallised dyes.

Acid dyes derive their name historically from the fact that they are applied to
protein fibers such as wool under acidic conditions. They are also used to a certain
extent to dye polyamide fibers such as nylon. Acid dyes may be conveniently

classified as either acid-levelling and acid-milling types. Acid-levelling dyes are

group of dyes that show only moderate affinity for the wool fibers. Because the
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intermolecular forces between the dye and the fiber molecules are not strong, these
dyes are capable of migrating through the fiber and thus produce a level dyeing. Acid-
milling dyes are a group of dyes, which show much stronger affinity for the wool
fibers. Because of the strength of the intermolecular forces between the dyes and the
fiber molecules, the dyes are less capable of migration and this can present difficulties
in producing level dyeing. However, they give superior fastness to washing.

A characteristic feature of acid dyes for protein and polyamide fibers is the

presence of one or more sulfon oups, usually as sodium (Na") salts
These groups have a dual ro 1 ide solubility in water, the medium
from which the dyes are ag »the ﬁthey ensure that the dyes carry
a negative charge. When' acideeOnés

molecules acquire a po
(-NH;) and imino (=]
=NH," groups respecti

to protonation of the amino

'ﬂ: dyeing process, the protein
/ // \\X\

hains, to give -NH3" and

1 .
onization of the carboxylic
acid groups. The positivg « s the acid dye anions by ionic

forces, and these displace fiber by an ion exchange process.

As well as these ionic force ( on, Van defyWaals forces, dipolar forces and

hydrogen bonding between app Op

c-fanetionality of the dye and fiber molecules
e .W,H. &

may also play a part iq the bergeIn term of size and shape,

often an important ¢ -# ; Tﬁ les, acid leveling may be

described as small t ediu N0 cul@ This allows the dyes to

penetrate easily into the flber and also perm1ts a degree of movement or migration

within the fib ﬁ fiber are capable of
breaking and @armmg, thus prodﬂl'rz];?wl or u:]:)fn] colour. However, as the
dye is %' ﬁ erate fastness
towardivﬁy-fna:ts sﬁ\ﬁm mﬁ;‘ Yjﬂmﬂlcmtly larger

molecules than acid-leveling dyes and they show enhanced affinity for the fiber, and
hence improved fastness to washing, as a result of more extensive Van der

Waals’forces, dipolar forces and hydrogen bonding.
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2.9 Color fastness to washing ISO 105-C01 [12]

Scope
This part of ISO 105 specifies Test No. 1 of a series of five washing tests that
have been established to investigate the color fastness to washing of coloured textiles

and which cover the range of washing procedures from mild to severe.

Principle

A specimen of the textile one or two specified adjacent fabrics
is mechanically agitated undei spe ified cofidiis Lsof time and temperature in a soap
solution, then rinsed and di v echange i fthe specimen and the staining

containing odp per litre of water.
n 1 A \

fiplying with ISO 105-F01

Test specimen

If the textile te,be.t
a) attach a ;#-— 1, 1:1 piece of the multifiber

adjacent fabric,;also me . mnmby sewing along one of the

shorter sides, With.,the multifiber fabric next to the face of the specimen; or

-3
b) attach w fgﬁr m mﬂrﬁx the two single fiber
adjacentdabrics, also measurmg Omm x 1 by sewmg along one of the
a‘hﬁjagonfﬁmu u’-] Y]nzs! fl @yﬂ. or loose fiber

approximately equal to one-half of the combined mass of the adjacent fabrics, and

either

a) place it between a 40mm x 100mm piece of the multifiber adjacent fabric and
a40mm x 100mm of the non-dyeable fabric and sew them along all four sides;
or

b) place it between a 40mm x 100mm piece of each of the two specified single-

fiber fabrics and sew along all four sides.
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Procedure
1. Place the composite specimen in the container and add the necessary amount of
soap solution, previously heated to 40 £ 2°C, to give a liquor of 50:1
2. Treat the composite specimen for 30 min.
3. Remove the composite specimen, rinse it twice in cold grade 3 water and then in
cold , running tap water for 10 min, and squeeze it. Open out the composite specimen
and dry it by hanging it in air at a temperature not exceeding 60 °C, with the two or
three parts in contact only at the i '

4. Assess the change in color e staining of the adjacent fabric

.,‘
with the grey scales. , | —
2.10 Literature reviews

These studies into PEM mainly on flat

surfaces such as glass er is described some work

already published.

Dongsik Yoo et al.[13 ew electro-active self assembled

multilayer thin filmswbased on alternately Sk .ﬁ of polyeletrolytes and
functional dye mol !p iles and found t ‘:.';f ntaneous adsorption of
polyelectrolytes and 1®c dye s >1ons%ombinations of different
functional dyes such asp &nceau SS an nfrared dye 125 were successfully

incorporated uﬂ éu ﬂeﬁgﬂw :&mﬁ}ﬁ WH&] ﬂ ‘jln this research, the

fabrication of h&ferostructure thin ﬁlms contalnlng two dlfferent functional dye

W ST TR

Katsuhiko Ariga et al.[14] studied the assembly of alternate dye-polyion

molecular films by electrostatic layer-by-layer adsorption and found that Electrostatic
alternate adsorption was successfully employed for low-molecular-weight dyes,
leading to a large variety of dye-polyion layer-by-layer assemblies. The assembling
process of individual dye-polyion layers of Congo Red (CR)
poly(diallyldimethylammonium chloride) (PDDA) was investigated by using a quartz
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crystal microbalance (QCM). The in-situ QCM measurement revealed that the dye
adsorption occurred at a rate similar to that of conventional polyion adsorption.
Successful assembly of the CR layer was confirmed also by increasing intensities in

the UV adsorption.

Victoria E. Campbell et al.[15] studied the coadsorption of a polyanion and an
azobenzene dye in self-assembled and spin-assembled polyelectrolyte multilayers and

found that the integration of a phiet " obenzene dye into electrostatically

bound polyelectrolyte multilayers wa o different deposition techniques
The polyelectrolytes used and PAZO (poly[1-[4-(3-
-ethanedlyl sodium salt]).
Successful incorporati6fi ofgthgfazobenze ( " yé Dureet red 80 (DR80) into ESA and

spin-assembled multilag€re nis (PEI/DR80) \is demonstrated. Coadsorption of

carboxy-4-hydroxyphenyla

DR80 and PAZO on a#PEF si o ‘ i ferént proportions and packing

densities, depending on thgfass éd was found. Using DR80 as a

coadsorbing agent can dramaficalis atelof PAZO adsorption was found,
¢

and different deposition rates fo

O when the two materials adsorb
simultaneously from acon £

Sung-Hoon KiE € ele%)static layer-by-layer self
assembly of anionic s%uaryhum and ca‘tllj)mc polyelectrolyte and found that

Alternating (SQ) dye and
poly(diallyldimﬁ yfnmomumﬂxgrm ﬂ) were formed by the sequential
deposit mﬁ trate. UV-vis
absorb ‘iﬁ:l:aimqﬁ ilayér m H’jtﬁ SEljas linear and

highly reproducible from layer to layer.

From these relevant articles PEM from polyelectrolyte and small dye
molecules were successfully constructed and then some published articles were

studied about the parameters controlling the growth of PEM as follow,
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Schlenoff et al.[17] studied the factors controlling the growth of
polyelectrolyte multilayers and the dependence of polyelectrolyte multilayer thickness
on salt concentration, salt type, solvent quality, deposition time, and polymer
concentration is evaluated. Polymers are deposited on spinning silicon wafers. For the
strong polycation/polyanion pair studied, film thickness is approximately proportional
to the number of layers and the salt concentration. The irreversibility of overall
molecule adsorption is indicated by th lack of exchange of surface (radiolabeled) for

solution polymer. The hydrophobig'natt ©lof the driving force for polymer sorption is

t Salt, competing with polymer
segments for the surfacep=per il ea gements. In the mechanism
proposed, excess polymer 1 ndated within several layers, rather than in one
layer of loops and tails. Steai bdrggt ' ed witl conforrnatlonal changes are
responsible for long#¢ o “adserption, “Considering the disorder and

_\

coprecipitated polyelect ¢ compleke Segdurfa fophobicity can be enhanced

on with solution phase or

Then Schlenoff et al.

polyacid: constructie

trolyte multilayers containing a weak
fgund that the growth of
multilayers made -h;.r;:-"*‘ natior :i f d a strongly dissociated
polycation is studied aﬁ ful : orﬂjnd molecular weight. Film
thickness reaches a maxd,mum at around g.l M salt and then decreases quickly.

Preformed muﬁ g ﬁﬁ)% m1ﬂﬂ§ for high molecular
en expose t

weights, comp 0 aqueous solutions of NaCl of concentration
TS R
competition I[ [;;] external sa experiments

aimed at decomposmg multilayers by protonating the weak acid, thus decreasing

polymer/polymer interactions, lead to incomplete loss of polymer, probably due to
additional hydrogen bonding from the protonated weak acid. A model based on ion
exchange/swelling of multilayers is used to explain their stability and permeability as

well as the dependence of film thickness on salt concentration and type.
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Schlenoff et al.[19] studied effect of molecular weight on the construction of
polyelectrolyte multilayers: stripping versus sticking and found that combinations of a
polyanion and a polycation, with different molar masses but narrow molar mass
distributions, are employed to construct thin films by the polyelectrolyte multilayering
technique. All polyelectrolytes are assembled in the presence of added salt. Even
highly charged polymers in the 104 Da range of molar mass exhibit a typical
multilayering characteristics. If the mlar mass, MM, of either of the polymers is in

this range, the thickness incremeiit e addition of the shorter polymer is

lymer, as surface polyelectrolyte
is stripped off by its opposi harged ‘partner=Gomplete loss of low MM polyanion
ibits er growth altogether. The role of
salt is elucidated in the ba ‘ ay oD , Which relies on kinetically
irreversible adsorptio 1ch produces a stable solution
dispersion of polyelec . S ~' eties\in thesrreversibility of commonly

employed combinations Qlar s nérs are revealed by in situ

Bjoern Schoeler et al
...F'-"’-—“f-’v’:}‘ "
dens: the growth o ayegrthin films prepared by the

nvestigation of the influence of
polyelectrolyte charge
layer-by-layer techn -,?%EQQ— 4; e charge density along a
polyelectrolyte chain th b 4 11@ formed by the sequential
adsorption of alternatmg ‘layers of polyamons and polycations (the Layer-by-Layer

technique). ]ﬁammomum chloride
(DADMAC) m@yngé 1-N-viny acetam1 emmﬁ ving matched molecular
weights mompomm are
altematgmﬁ {eﬁﬁ mﬂ“ﬂjﬂﬂ er buildup is

momtored by UV-vis and FTIR spectroscopies, and with a quartz crystal
microbalance (QCM) and is correlated with structural information obtained using
atomic force microscopy. When films are deposited from polyelectrolyte solutions
containing added salt, a critical charge density limit (between 75% and 53%), below
which no significant layer growth is possible, becomes apparent. Below the critical

charge density, addition of the polyanion leads to almost complete removal of the

previously deposited cationic copolymer and vice versa, and thus multilayers can not
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grow. Above the critical charge density, the rate of film growth and film morphology
are strongly influenced by the solution structure of the adsorbing polyelectrolytes:
thicker and rougher films are produced with increasing salt concentration in the

adsorption solutions.

Hazel L. Tan et al.[21] studied temperature dependence of polyelectrolyte
multilayer assembly and found that the thicknesses of polyelectrolyte multilayer thin

films (PEM) are reported as a function of ition temperature and ionic strength.
PEM fabricated at high salt an

similar films deposited at-seem-tempera .ﬁlds in the multilayer films are

t d i i -1dye L DA dire i t i t 8
not observed in single \\\ \< ep051ted onto Si substrates
Based on the results 0f this"sit A ngw, mechanis \:\ 1s proposed to explain the
dependence of PEM t ;

perat \- -~ d that elevated temperature
swells the existing filnu@ind e I ﬁN\ ping, of solution phase polymer
' ults and interpretation have bearing on the

present understanding of P osition and also on the ability to control

Some PEM is peint are the advantages for

some application w ; warnt the swelling of” -a e swelling of capsule for

AS Olﬁv,
‘a o
Susan Wﬁﬂ qzwﬂlm?‘ﬁﬂf (ﬂi and release behavior
molecules in wea

of small hydrophilic ak polyelectrolyte multilayer films and found
. ¢ -

that the ﬁt g gjmﬁyﬁ j\iﬂlhc molecular

probes in 11 n h c tilayer s was tigated. These

studies were carried out using the water-soluble dyes Indoine Blue and Chromotrope

drug delivery. So the rel@vant ai

—

2R, and their loading and release profiles were followed with UV-vis spectroscopy.
The results of these studies suggest that the incorporation and release of material from
such films depend on the degree of film swelling, the ability of the dye molecules to
aggregate in the film, as well as the attractive and repulsive interactions occurring
between the probe molecules and the acid-base functional groups in the films. Both

the degree of dissociation of the acid base functional groups and the extent of film
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swelling are pH-sensitive. As a result, the amount of each dye incorporated in the film
also depends on the pH conditions, with a maximum loading capacity of 3.8 -102
mg/cm’ of Chromotrope 2R and 5.7 - 102 mg/cm™ of Indoine Blue. In turn, they
found that by manipulating the pH of the release solution it is possible not only to
control the rate of the release of the molecular probes but also to regulate the amount
of probe material released. In fact, completely trapping the incorporated probes in the

multilayer films was also successfully demonstrated. These findings can be

‘ of the dye molecules with the
& J-aggregates, and pH-dependent
.—‘

physicochemical properti - ilaycrs *such as the acid-base equilibria

rationalized by examining

polyelectrolytes, the abili

of the films. It is believed that this
information is fundair VA unportant | l\u nderstanding of how to effectively

\ S
’ N
l‘xf
led swelling of polyelectrolyte

multilayer microcapsules ound that the u . LpH on the osmotically induced
swelling of polyelectrolyte — psulés filled with solutions of a strong

polyanion were explored. The

ations.

microcapsules are composed of strong
polyanions and weakypolycatior iaa faye glegtrostatic self-assembly. The
equilibrium radius ‘9’—: fd be the same at low and
neutral pH but increasés§ at hig ) g the'softeping of the capsule shell. Such
a softening probably reﬂ.ccts a decrease in &l}e charge density of a polycation, which

leads to a red W%ﬂﬁﬁw mn ﬂja.matic increase in size
i the capsules at hi

and softening is accompam y polyanion release from

) AT i
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