Journal of Applied Chemistry (18)66 (2023) 159-172

Semnan University

Journal of Applied Chemistry

Journal homepage: https://chemistry.semnan.ac.ir/

Research Article

Thermodynamic study on micellization of

tetradecyltrimethylammonium bromide surfactant in mixes

methanol/ethanol/propanol +water and Ponceau 4R and Sunset

yellow FCF dyes using of conductometric measurement

Fatemeh Davoudi?, Hamid DezhampanahP*®, Bahram Ghalami-Choobar?b
aDepartment of Chemistry, University Campus 2, University of Guilan, Rasht, Iran
bDepartment of Chemistry, Faculty of Science, University of Guilan, Rasht, Iran

PAPER INFO

ABSTRACT

Article history:
Received: 01/Feb/2022
Revised: 22/May/2022
Accepted: 24/May/2022

Keywords:
Conductometric,
Micellisation; propanol,
Ponceau 4R and Sunset
yellow FCF,

etradecyltrimethylammonium
bromide.

In this work, the micellization behavior of tetradecyltrimethylammonium bromide
(TTAB) surfactant was investigated in aqueous solvent mixtures of methanol, ethanol
and propanol on different mass fractions (10-30%) and aqueous solution of Ponceau 4R
and Sunset yellow FCF dyes at concentrations (0.001-0.007mM) based on
conductometric technique at T=(298-313)K. The critical micelle concentration (CMC)
values and dissociation degrees of TTAB surfactant were determined. The obtained
results showed that the CMC value increases with rising of methanol and ethanol mas
fractions but the CMC value decreases with rising of propanol mas fractions. Also, the
obtained results indicated that the CMC value decreases with concentration increasing of
Ponceau 4R and Sunset yellow FCF dyes. In addition, thermodynamic properties such as
the Gibbs energy, enthalpy and entropy of micellization were calculated as a function of
temperature, dye concentration and alcohol mass fractions.

DOI: https:

doi.org/10.22075/CHEM.2022.25943.2044

© 2023 Semnan University.

This is an open access article under the CC-BY-SA 4.0 license.( https://creativecommons.org/licenses/by-sa/4.0/)

*.Corresponding author: Associate Professor of Physical Chemistry. E-mail address: h.dpanah@guilan.ac.ir

How to cite this article: Dezhampanah, H., Ghalami-Choobar, B., & Davoudi, F. (2022). Thermodynamic study on
micellization of tetradecyltrimethylammonium bromide surfactant in mixes methanol/ethanol/propanol+ water and Ponceau
4R and Sunset yellow FCF dyes using of conductometric measurement. Applied Chemistry, 18(66), 159-172. (in Persian)


mailto:h.dpanah@guilan.ac.ir
https://chemistry.semnan.ac.ir/
https://doi.org/10.22075/chem.2022.25943.2044
https://creativecommons.org/licenses/by-sa/4.0/
https://www.scopus.com/authid/detail.uri?authorId=17345296200
https://orcid.org/0000-0002-3599-1153

VEY Jle 55 o)Ly cppod Jlw SO (o (g - ole almo

ot powgel Jie (55 Juwd 155 COUSE 9w oy hunslo (Saoliadgo 5 (ow) 2
+ 3 Tounily/ gy Cow b (g1 4SS, 9 OF + Jibig /U9l Jgilie (s bglske

o Cylaa 3 oaliswl b o

M agn ool ol o 1 TELy 0350 duers (53915 dabld

ool 09)5 ¢ (IR Ly ( MS oKy ¢« i)
crod 095 el ple oAb (G US olSiD )

N Y[ ooy f b N YV ipmas & 4,6 < INNY :cdb yo &yl
ouS
o sle P bybo jl Cilisto oy (clo 1oy 13 (TTAB) deog s poguipol o (5 o 5 COliS g [l unglo )3 (5o 01 0
o SV B )) sl s Gl 53y T il (lo 4Ky o (sl plxaf] il (slo e g (4o )3 Yo=)0) ailay 5 o JpilT (ile
lulo [ lhow dbdi Clyusi 5 C8,8 18wy dype o 3alS Ay FIV LA ) cilio (clalod po | e colin iSOl ool wl b () Yo
G )3 5 A (uglo (oo CLE ol 5 Jpilio oy iy i) b 453 i ode] s o pulti o a5 itigy oy 5 ok

o ol opid o il oy oo dio g2 il b gl (oo JiBE S (e slo (S CBIE il Sl b bl o il

a3 PIF G T (slolod o O + 5b Caw Gl 53, Tl 40K, I dlizo sl ke > TTAB il guw i  Auslo )15, yuian .0
2 ol lagle o e J2alS cogo sl s Gl 53y padly slo 45y 450Dl ode] e 4 gl B S a0 390 sl

PAS° (AH® (AG® wiile | Seolisdgo i (slo CuaS. 4850 phd izmat D08 o g o (gii i inlS UKy cale ilidl b g b

5 dsolro s 425, 1 ilso ol CLlE 5 Cilio sl Mo g ol

shy G s 53, Tgusly Jsilig e bl (o  dpog s posisal Jito (55 Jowd 155 0 (gle (s Colin 3 gulS OIS

doddo -

(':il.ua ‘LS‘\..\.;: 019.0 ‘6)b5)|o s ‘o..\.u}w 0‘9.41 d.l..o..‘>)| LS’LHQ"'"J (':'Lua ‘SALO.) o L»_v).a_v a5 s 60‘9.45 > wL.SlB)}w
Olgie 4 0lge ol e d¥N] W18 (60l sl 0 )5 (55le 255 5 e «53,9LaS (5 ile K, o 35 T >l
5 Sdsgy S8 slp S > elge (g5l pod 0atiS gb pe dlge ¢ (il amdgal ¢ ol (S 0 eaiiS p olge

oo ol 5 Seslinl 5T 635k wo oles lyls SeslS sla coliSe e cpl g ogdle LFB] Wl )5 mlaw #Mo

Glo iliSs g ez 5l o COlSgm cilize glgil s lagle 5 rezs sloylid, [VF] sl o (55,95 saissS

15



ohles 5 gogls e 5L bglio )3 dun y1 pamigel o (65 S 155 CliS ygus (yd Sz Lo (Srolin 090 55 (a0 52

P> 59 03,18 j5b 4 4538 Jlo iz 10 T 0b50 sla liSE jm 51 (B2 5 (o2 et (slo oSS g G55l Sg]
s a5 LT 5L DNVAY] cail 48,5 18 )0 590 byl g b 51 oSS s Jguo [V oAl U asle JT 5 T sl
55 oo Gl 3l o555 ol s ool Slaizn (al by 0l (S Ll (s (sl 5 o 4y b 2oliS 500 (90,208 oly>
g 30 |y Olidgu el CliSE ygur  rezs 395 5L, 5 o anle mudlSe o) Ken 5 oy, sl [VOVY] el sus
8y 5y S s b S Oen 5 () mizmeaAsisls 15 aalllas )50 Jsils ) 5 Jsbl Jsitie lo JSU
OSen 5 So5le [Al ol 13 () 8550 dulogr pomigal JawogoliST g Dlidgus ginal (sl ColiSEypm (y0d (mle
Jsbar) e Jsilign) slo JSUI joim 50 dngys poigel i (55 Jowdgs 5 Slilgus Jrwdgs s (Sealinage i ol
Clle 5 oo 5l onl Sygear ) b Juepe ke ST (6551 5 W05 quy (i Sl g ool b gl
—ol ¢ ISR sl ilises sla Jolore 50 ColiST gm L, 590 55 (gonie Slalllas ¢pizman [V o] Wis S pns JSUI
Pl 48 &0 o 4, b cilis sla ColiSE g slo iSanp (izran g Jp2o-0l g sk JgSelS-OT ¢ JoSiIS
[a
3 e 525 (S paizmad 5 Jurs 03l 5 JS2 () g2 <Dl 4,5 (CMC) pasy esle e cilale
Slp Ol o0 o5 wien olo 5SSl e JoS85 o 59, 2 P 536 g (ol e 5 (e glo P Seo b5 O
oS gw b yiiSor  Jdo 4l JSU e o j0 Lyv-v-lols S8 w0 Oy50 B CilSE g (69,55 oler S o
Lye-vyl wls sle JeSes aly s, 5 ot i el b (559,008 Sgm uiren g Lo
Ol g3, T5mily aile ale 4S5, 35380 5 Jilis (Jill e silio wiile ale Pl (2T bgline 5 Les @l il geios cl 5o
7 ol g 5l ool L (TTABY sagr pgigel e (65 Jws 155 iliS 5 (0 o (59, 2 sk e
Seslasge s Slo oS (s 9 0B (el SISV 9 gy 420 5 S (Aawle (o CBLE L3S 1B (o) 0090
A Al b 4S5 5l el gle cdale § e slo Pl b?l.?‘ﬁnjLQLAQ)QASO AH® . AG° sl

Br-

CH,

|+/CH3

N
¢

H3;C 12 3

(a)

a Gemini surfactants
b Tetradecyltrimethylammonium bromide

V&)



VEY Jle 55 o)Ly cppod Jlw SO (o (g - ole almo

HO
N \ O
N
NaO3;S SO;Na

(b)
HO
-
O -0
SO;Na
(c)

{€) 35 Tgusly 5 (B) oy cuw o (@) og 2 poigel sio (55 Jowd 135 (aloonsd Hlisloo =) JSS
P -y
oo lasw! Syg0 ‘_gUb 4*&.’) 9 G:Luu.w é‘g.o—\—"

s 00 00)9]\ J5\.\>)Q LQJ] uosl} O)ngw J}A)S o‘M‘U&Mw‘ o oolawl Sy90 »)‘5.9

odlawl 590 dlge . Jod>

ol 8 Pk v 50 2l Jgo ok pli
o o 19 CH3(CH2)1sN(Br)(CHa)s Saagp poaigel Jute (5 oo 155
o o QA C16H10N2Na207S, ol e oyl
S o A C20H1:N2Na3010S3 3, Tguils
S o qs C\H:O Joilie
S o QA C+H-0O Jeibsl
Sy Ay CrHA\O Jobsn

oolaiw! 0550 Wl jupexi g LA iws Y-Y
3590 5l piew alie glo clalé g oz slo wo o dales j5 059 sl Colun Qo)ﬂwo@)@@éﬂ.&;ﬁcﬁl)o
e e ol b g o IS el o lasbiwl Jgle b oo o, JIS Martini Mi 180. Joe iz s v coloa 5l iolej]
VerooVee gV e oY YooV oz (6,05 ojluil sogame L Brand Jow slo Comng ,Soe o Ssibesle K ps .oy oolazu!
5 omeblioe (e oSiws g o8 ¢/o 0+ ) B LHR-200 Jaw 5 ORION 5, A&D Jlizus 55l ids Soe
o )lazgs b S g (sl oger grimslos 5 Lod S sl 4y Slisge 5 5 qaoy s 41 5420 GFL Jao 0T plas olSss

23,5 oalital (s lgle ayl ol g

\FY



ohles 5 gogls e 5L bglio )3 dun y1 pamigel o (65 S 155 CliS ygus (yd Sz Lo (Srolin 090 55 (a0 52

Alizo b Mg oo ;0 Lol ygm g (s lo (655 o310l 0g2xi 1yl g,y ¥-Y

L (ol osaz gimlos 45 om0 oylaz 30 L oS0 31, ) TTAB ciliSTh gy agle ile e jslate 4y
V0 OC (los st 1 gy 5 iy el Jlogo Of 2 (oo Yol (urblite (500 Sy 5 0 Siils azpo o)) 2o
Flge 53931 b1y Giales] a0 (6525 03l 1) ] Colae ¢ i Cola oS alogs ¢ jezme Sliwga 5 plox alsy
Gy s e o aslol olaz g0 Juw JBIs o Selials S5yl oolaiwl b Voo o /00 coliS B, gm Jolxe ids So Voo
Slass 00,8 Cod g 03gai (655 o3l |y Jslowe Colan jlaiie YO OC (sloo i g (0508 5 iliS5u 2l331 L o
oS ygms s hgle CBIE (pans (el ialosT ol 5 0092 YO 1 T s CliSByms ial3dl b o bl oyl
el 00305 ploxil Aoz johay o Kl a0 £+ 5 VO 3 ¥+ slales ,0 TTAB

S| gs doys Yo 5 Ve e glaglone lutl ¢ D> bglies jo TTAB coliSls g s agle e aalllas jslate o
08,5 angs pudais Lo ol 4o (C4HOH) Jgilig-\ 4 (C3H7OH) Jgibgn (C2HsOH) Jgibil (CH30H) Jgilie (sl
@l oyl 50 L U313 40 o0 42 g, b gllae UKl Dl boglies 1o oy ale lile e Ligles] uoras
0,5 Cud gty oy I pll aseie sles jo g 4o Mo byl jo

! Sldslome Il TTAB cilishysms s ugle Cale Jladio 0 lgudly 5 5k Cow s (slo 4255 56 ooy 0 g
COliS By gm (s (o Galoj] G 00,5 ags o iS5 51 Sopm Ngo oo eV g efo e oo oY oo ) Slzbale b
05 plxilolazgs w S350 aseine clile 4 4SS, 5l e o sldslxa ;0 TTAB

Sealydge 6o yially Slobra Y-¥

ol g Hal Jasle ojlasbin] (5:5).‘;5] 3 ‘SJLJ S Sl5T 550 asile Seolissge i sl el )l axlllae jelaie 4
bolas ablis oo 51 g5 oo Lyopes 220,5 mamy TTAB ot jgms e o 0325 Culin logas laz) TTAB
abi ) CMC bl ax g 8 50 Joges cpl p wlew bglas (ol polie o (CMC)yats duole 580 cdale o julas
9 akuly pl 0 aSamles oo dmlne (V) doleo jloolatul L1, iig ax 0 B emles (oo dumlome |y (loged s s

Al oo 08 Shagle alais 5l L8 5wy )0 wles byl ol s oaias plis o3 s b

p= ()

a
b
Lol oo ciliee byl i ilis 9w CMC 585 clale joges asuine b o jiig 45,0 (5 odidd lis B aoles ol 5o

Do o] 5,5 il Iy (oS o131 65,50 AG® (V) olas 51 oolicil

\PY



VEY Jle 55 o)Ly cppod Jlw SO (o (g - ole almo

AG =@-ARTIN X, )

— = @ = B) [Fe] (")
AS° = % (AH® — AG®) ()

@y e ¥

TTAB ciliS gus cyids shunlo CLE (595 2 Lod hal3l o JSI - IS Lol il T

o 03597 ;5 Ll Ol o ¢ sa s paisal o (55 rmss 1535 CIlSE ju Clle o 3 029 Colan Sl Jlogas
gy b s ot lesle cgla il yslie el o ool i (V) UKD 0 5 000 ,5 e o255 42,8 YA 5 YAA
o5 philen sl el Y Jguz 50 TTAB ad e Lilile slools 5 00,5 dawlone ulos boghas qons 5 o ybo 51 428
il & b e e alS ol o5 el azil, ualS Les il L TTAB o Jule e polie 5 o sanlie
WS )3 098 (oo Sl 0 (J3ge (m slag s 5 (JoSge ped a5 el oS Les il e )0 (J9Slge IS o

o i3l Les a3l 31 s s Ll el

500

o~ o
o**

g 400 - ’.0” AAA‘A

wn . A ...l

\1/ ooA‘AA I.......

> 300 - O L o

= OQA‘.......

E 0.‘:.:. *

3] A e

S 200 - Shale

o eigs®

[ oA me

S ik

o 100 - xi='

= 1k

3 i

o 0 T T T

n 0 2 4 6 8

[TTAB] (mM)

<MT=303.2K 0T=298.2K) slales )3 3 ol JM> )3 TTAB coliS,gm (sly od @l puis & Cand 039 Colits Slpusis loges — (V) S5
(®T=313.2K < AT=308.2K

\5¥



RULSCPRTIS e W bgloi 55 oy paigel ko (65 S |55 SOl ygm (o (s lo (Srolyd90 5 (o 2

o Mo 3 iliseo slalos ;3 TTAB colislyow (CMC) (i Jusle clale jlace —(¥) Jgio
YAY/Y YeAY \RATAT YAA/Y (2ol Gialeyl 390 slos
AR \7AN vIAQ v/sy CMC

—ol e Jgblol ¢ Jgbim ol Dl bgla 5l ilise slano,s ;0 TTAB coliSl g clale cons p colan jloges
sle cdale olia .cul o ooy las (V) S 50 0050,8 pw )i (2lS 4z 0 YAV B YAA Sleos oogaome ;o Joibigy
odal Y Jgoz ;0 TTAB o Jusle (lale slaols 5 050,5 dwlne (wlos boghs w5 39, b Gollae o Lol
Ol Pl bglse jo Jgibl 5 Joilio cdale o138 L lales den jo Jgibl-ol ¢ Joiliomol I bglses sl .ol
JeSis w ad Jaole clale ol38l cplas’ wb o Gl 3 TTAB coliS T gm oo lusle cdale jlade (S5 duoyo
Sl (55000 Ngey (nl S5 45 03,5 (oo bgrye ST L S5l sldsSUse 5 ST L Jilie sldsSse (r (59,000 Ws
LSy g danlo clale 5l S sllale jo Jule oS5 wile g 0o Sl g (Cg89,000) (S35 o (slag ps o33l
hole cdale alidl cpl ol o 3las] ol g 5l 6 5YL cdale o Junle JSET a4l 0 008 o ol Pl o
gy JuSid o @y ol a5 sl piis Jgiliem Ol Il balsee 4 s SUFOT D> bglsee jo ciliSjgm o
L les 40 53 il el Bl gl 13 cend o 3 Jpiie syl & cand J5ibl slelySlyn 5 (55 (535000
Jdo s plaS b oo uals TTAB coliShgw o lusle cdale jlade P> bl jo Joibgy cdale il3l
YAV B YAA Lo (iol38l b casl oads ools )Lias Y= Jaaz (sla ools 5 () S jo oS jshailen LdSUl ase D> bl ,o

sl oo G S s JpSle o5 5 Gl s 4 sl

V20



SO (ool (SR — oole alxo

VoY Sl £ 0yl pbizd Jlo

[TTAB] (mM)
[TTAB1 (mM)

600
400 -
200 -

500
400 -
300 -

(;-worsrl) AuAdoNpuod a1y19ads (;-wd s ) Ayianonpuod oiydads

600

400 -
200 -

.wdrsr AYiAnonpuod ay1dads

[TTAB] (mM)

YA K Glos )5 (€)Jsilisn —l 5 (D) Jsibl @) Jgie

30% m =20% 0=10%) laroy > TTAB colisygn clale s p colin lages (Y) JSi

— s bglse 1 (A

\55



RULSCPRTIS e W bgloi 55 oy paigel ko (65 S |55 SOl ygm (o (s lo (Srolyd90 5 (o 2

sbalos jo alisee oz slasod b Joiboy 5 (bl (Jgilio (sl M )ATTAB oS ygum (gl p odel cuws 4 CMC e (V) Jodo
OolS a0 YAV I YAA

)9 O Jebon Jsbl  Jsike Jsben Jsbl  Jglee
T=298.2 K T=303.2 k
AR \V/AR! YIAY \vARE AVAYA ff YIed
AT YIAT ¥/e A Y % Y Y/FY
AR A\dAR! fIYA AR fIYA /7. YIYY
T=308.2 K T=313.2 K
AR fY fIYA YIAA \ARE flay /-0
AR \AN4 AN \via f/0¥F FIYA \y/N4
AR /0N AATA A\VAYd AN ¥/a¢ YIEA

TTAB i Lslo cdalé 59y p b ausSy Ol 5l gy p Y-V
o5gaze 5o b o Gl 5 ) smlly ol a5l alisee sl ;o TTAB oliSjgu cbale ey Colin log0i
L @l (o Lol sl cdale polas .ol ool ools Las (V) S5 ;0 000,85 o 5 (aolS 4z o VIV L YAA ol
slo cdale polie sl odnl F- Jgoz 0 TTAB juis Juwsle lale slasls 50305 dulos ulows bghs w5 g,
el chale jlade by 4SS, cdale  2ol38l L ales 4o )0 5 4SS, 90 o 5l iz slpakale sl TTAB ol ol
S b anSs) JoSlpe Jllo @ argi b gt e il 8 ol o b oo I TTAB el g (o

G5 ol e 5 glo St a0 5 00y ColiSTs ygms sl s go s oudly yoily 5 SKslily Sl glag s oLl sy

w3l e 3] clSs g )

\FY



VoY Sl £ 0yl pbizd Jlo

SO (ool (SR — oole alxo

600
FX 24
Z 400 - JRRETSO0000eSt
A
% o’:A AA::l punn®®
[ ] (14
-§ XX::::Q..000° ooee?
o nge?
S 200 - THO
e jae
[ [ ]
‘o “0
°
) ‘o
a i
A i
0 T T T
0 2 4 6 8
[TTAB] (mM)
(a)
600
iy
S PRX 24
.‘3 400 - *® A:::“‘AAA
'g edas Illl.....
< t‘=ll'... oo0®
o . eo0®
° t‘l o0® eoe®
2 "
£ 200 - e
[ 2g"e’
o x.:o
w xX'o
2a8
3
L |
0 T T T
0 2 4 6 8
[TTAB] (mM)

(b)

salos j3 (D) 3lguil (@) sb o olo I Vge ooV clale 3 TTAB  colSbygn clale cas p colia jages (¥) JS5
(®T=313.2K .AT=308.2K mT=303.2K . T=298.2K )ik
o 2 lausly g 6b caw o sl a5 5l alisee gla clale (gl palS a0 YIY B YA slales po CMC (¥) Jo>

3 gy + LSSy gu0 + ] ol o o + oSS ygun + O]

CcMC C=0.001 C=0.003  C=0.005  0.007 | C=0.001 C=0.003 C=0.005 C=0.007
T=298.2 YoV Y/f4 \7An1 ¥/A) YIYY Y/-a v/ay YIVO
T=303.2 YIvE Y/$4 Y/oY Y/-y Y/f- \ALZ YA YAy
T=308.2 YAy ¥IVO \tia% Y/YY \INg YIEY YIYO Y-
T=313.2 s YAf YIAY ¥iva YIVY YIOA ¥/E YIvS

Soliadge i sl el ¥-¥

55T 5 oIl s o151 (655 g3 (om ciliee (slales ;0 TTAB ciliSTs g (o (hasle il jyolie 5 oliiul L

ol Slsloee ) 5,5 drsloes ¥ 1Y S¥oles 51 onliasl b JSI T D> bglis 1o 5 T M 45 TTAB ciliSs g

VFA



ohles 5 gogls e 5L bglio )3 dun y1 pamigel o (65 S 155 CliS ygus (yd Sz Lo (Srolin 090 55 (a0 52

polae (Solisoge i slasls 4y azgi b ol oals ools lis & Jaaz [0 g ouds dewle  Siolndge i sbaols 5 00,5
ol 5o aS Ll gogBusgs JSI-Ol Pl slabalse a0 TTAB coliSl g ods duole o liilin] wnS (555!
5,10 oo i o laslin] g0l g (JST polie (o ol (s3g95uag3 0l 8

JSU Galises olo s pd b S O bglss 45 g ol 1> TTAB oSy (9,51 9 (T e S 33T (65531 ¢ ygumlsion 4553 (0) Joio
polS a3 YAA glod o

= B AG° AHP° AS°
AR NS YTy YIvE AN
¥ Jgile Nt YYIVY O e
ARMEL VY RATY: YN e
[ARNE “IOYA SYY/EY -AIYY JOAF
ARIE “IOVA YYIOY A e
¥ gl 10+ 0 YYIPE -ANY D
(AL “IEYY SYFAA -AY) Al
[ARNELTS Y5O Y ANE ey
[ARNEETSS “IY¥F YYIOY AD Jyea

Sl dgo,i gl yol g F-F

039a5e )3 (e Culdd hg) 4 duegy pemigel e (55 Jawd 155 SOl g ad lale clile Gz cpl 5
Ol o] Cewd 4 ol .o 00 55| Caway (il e 035 Culad JIogad mey B2k 5l epelS Az B YIY B YAA Sles
o oo o381 b g a0 plis 1) (65555 sae ColiSB o ol el glion (6 ahats Les yiol38l b as” wisls
S o0 GRS sl S (grea (999 B Led (al3l g 09l oo JSCES o

il glales ;5 g Glise o> slo s 15 (Ui 9 o Joll (Jsilie) cilisee sla Pl ol byl 13l G
oLt odel Cess a4y s 8,5 15 sy 050 Sung porigel Jite (555 Jemsd 15 bS5 ot (usle clale (54,
5955 b5 Fnd Jeoe Conl S oz o0 i85 Pl plsie a4 o] ool 5,50 Sl 53 ) a4 a5 w0l
o i b 53R Sl dans oo JSA5 DT L S (58 (g 0m wigey 4 x5 b Jsill 5 Joilie Bl o 090 JSCas
2658 S Jgbon bl axi G150 Clale )0 (ol (oaead 5 098 JSAT 500 Jee Wgd (o0 crge g WS
sl cdale g bales jo s L2555, 2 58 9, Tgmily 5 0k S o wiile oo 4S5, SIS clls Jue cale (s,
O shwle clale palS Coge 4SS g0l aS wsls las odal Cawd 4 wli a5 283 13wy 000 alie
55 o TTAB colish g

a8 olo (i oIl (g9,51 g (LT (S 33T (6531 alox 5l ot (Jusle (Sealnoge 5 @l polie drmlne (izeen

e ot oD (Shsle W18 (392 (5355 @ 055 53 (298] e g (LT oo

154



VEY Jle 55 o)Ly cppod Jlw SO (o (g - ole almo

Soad § g0
53,591 w28 gl OLS olKiils alEiils sy g 4l pgle oaSliils (IS olKiils;l dllie cpl o yol> Faius g don

Wyl 1y Sl ,08 5 Sz LS oad il imgd LIS sl p3Y SIS
&l p-*

[1] Kumar, G., & Chauhan, M. S. (2018). Conductometric investigations of surfactant behavior in
aqueous polar aprotic organic additives. Journal of Molecular Liquids, 249, 710-715.

[2] Li-Sheng Hao, Ni Yang, Guang-Yu Xu, Yun-Feng Jia, Qian Liu, Yan-Qing. (2016) Nan Specific
ion effects on the micellization of aqueous mixedcationic/anionic surfactant systems with various
counterions. Colloids and Surfaces A: Physicochem. Eng. Aspects, 504, 161-173

[3] Akram, M., Yousuf, S., & Sarwar, T. (2014). Micellization and interfacial behavior of 16-E2-16 in
presence of inorganic and organic salt counterions. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 441, 281-290.

[4] Ramadan, M. S., EI-Mallah, N. M., Nabil, G. M., & Abd-Elmenem, S. M. (2019). Hydrophobic
effect for anionic dye-cationic surfactant interaction in aqueous and mixed solvent. Journal of
Dispersion Science and Technology, 40(8), 1110-1120.

[5] Abezgauz, L., Kuperkar, K., Hassan, P. A., Ramon, O., Bahadur, P., & Danino, D. (2010). Effect of
Hofmeister anions on micellization and micellar growth of the surfactant cetylpyridinium
chloride. Journal of colloid and interface science, 342(1), 83-92.

[6] Pal, A., & Chaudhary, S. (2014). lonic liquids effect on critical micelle concentration of SDS:
Conductivity, fluorescence and NMR studies. Fluid Phase Equilibria, 372, 100-104.

[7] Rub, M. A., Azum, N., Khan, S. B., Marwani, H. M., & Asiri, A. M. (2015). Micellization behavior
of amphiphilic drug promazine hydrochloride and sodium dodecyl sulfate mixtures at various
temperatures: effect of electrolyte and urea. Journal of Molecular Liquids, 212, 532-543.

[8] Huang, J., & Ren, Z. H. (2020). Mechanism on micellization of amino sulfonate amphoteric
surfactant in aqueous solutions containing different alcohols and its interfacial adsorption. Journal of
Molecular Liquids, 316, 113793.

[9] Sheng, R., Ding, Q. Y., Ren, Z. H., Li, D. N., Fan, S. C., Quan, X. F., ... & Qian, Z. B. (2021).
Interfacial and micellization behavior of binary mixture of amino sulfonate amphoteric surfactant and
octadecyltrimethyl ammonium bromide: Effect of short chain alcohol and its chain length. Journal of
Molecular Liquids, 334, 116064.

[10] MacDonald, S., MacLennan, S., & Marangoni, D. G. (2020). Calorimetric determination of the
thermodynamics of alcohol-surfactant mixed micelle formation: Temperature and concentration
effects. Journal of Molecular Liquids, 302, 112531.



ohles 5 gogls e 5L bglio )3 dun y1 pamigel o (65 S 155 CliS ygus (yd Sz Lo (Srolin 090 55 (a0 52

[11] Ren, Z. H., Huang, J., Luo, Y., Zheng, Y. C., Mei, P., Yu, W. C,, ... & Li, F. X. (2016). Effect of
isopropanol on the micellization of binary mixture containing amino sulfonate amphoteric surfactant in
aqueous solution: mixing with sodium dodecylbenzene sulfonate. Journal of the Taiwan Institute of
Chemical Engineers, 65, 482-487.

[12] Dezhampanah, H., Ghalami Choobar, B., Ansari, R., & Firouzi, R. (2013). Coductometric studies
of the interaction of acid green 25 with cationic alkyltrimethylammonium bromid surfactants. Progress
in Color, Colorants and Coatings, 7(1), 39-48.

[13] Alam, M. M., Molla, M. R., Rana, S., Rub, M. A., Azum, N., Hoque, M. A., & Kabir, S. E. (2019).
Aggregation behavior of cetyltrimethylammonium bromide and tetradecyltrimethylammonium
bromide in aqueous/urea solution at different temperatures: Experimental and theoretical
investigation. Journal of Molecular Liquids, 285, 766-777.

[14] Kabir-ud-Din, N., Rub, M. A., & Naqgvi, A. Z. (2011). Self-association behavior of amitriptyline
hydrochloride as a function of temperature and additive (inorganic salts and urea)
concentration. Colloid Surf B, 82, 87-94.

[15] Roik, N. V., Belyakova, L. A., & Dziazko, M. O. (2021). Solubilization of azo dyes by
cetyltrimethylammonium bromide micelles as structure control factor at synthesis of ordered
mesoporous silicas. Journal of Molecular Liquids, 328, 115451.

[16] Akhlaghi, N., & Riahi, S. (2019). Salinity effect on the surfactant critical micelle concentration
through surface tension measurement. Iranian Journal of Qil and Gas Science and Technology, 8(4),
50-63.

[17] Hosseinzade Khanamiri, H., Baltzersen Enge, 1., Nourani, M., Stensen, J. A., Torsater, O., &
Hadia, N. (2016). EOR by low salinity water and surfactant at low concentration: impact of injection
and in situ brine composition. Energy & Fuels, 30(4), 2705-2713.

[18] Nadeem, S. M. S., & Ullah, S. M. R. (2020). The study of ionic interactions of monovalent
electrolytes in aqueous polyvinyl alcohol and polyacrylamide by conductance method. lonics, 26, 2927-
2940.

[19] Shekaari, H., Zafarani-Moattar, M. T., Faraji, S., & Mokhtarpour, M. (2018). Thermophysical
properties of ionic liquid, 1-ethyl-3-methylimidazolium ethyl sulfate in organic solvents at dilute
region. Journal of Molecular Liquids, 269, 547-555.

[20] Abbasi Awal, H., Ghasemzadeh, B., & Naseri, A. (2017). Thermodynamic study of the ion-pair
complexation equilibria of dye and surfactant by spectral titration and chemometric analysis. Analytical
and Bioanalytical Chemistry Research, 4(2), 307-317.

[21] Hosseinzadeh, R., Maleki, R., Matin, A. A., & Nikkhahi, Y. (2008). Spectrophotometric study of
anionic azo-dye light yellow (X6G) interaction with surfactants and its micellar solubilization in
cationic surfactant micelles. Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, 69(4), 1183-1187.

A



VEY Jle 55 o)Ly cppod Jlw SO (o (g - ole almo

[22] Kumar, G., & Chauhan, M. S. (2018). Conductometric investigations of surfactant behavior in
aqueous polar aprotic organic additives. Journal of Molecular Liquids, 249, 710-715.

[23] EI-Hammamy, N. H., & El-Araby, H. A. (2016). Electrical conductivity and thermodynamic
studies on sodium diethyldithiocarbamate in methanol at different temperatures. Int. J. Electrochem.
Sci, 11, 8709-8721.

[24] Moradian, S., Ghasemi, J. B., & Dezhampanah, H. (2020). Chemometrics-spectroscopic study of
the effect of temperature and pre-micellar to post-micellar forms of various surfactants on the
dimerization of nickel and copper phthalocyanines. Journal of Molecular Liquids, 300, 112350.

[25] Dezhampanah, H., & Majidi Naeemi, M. (2019). Investigation of efficiency of iron nanoparticles
on the orange peel in removal of sunset yellow dye from aqueous environment. Applied
Chemistry, 14(50), 9-24. (in persion)

[26] Maleki, S., Mennati, A., & Salehi Sadaghiani, A. R. (2011). Determine and compare the cmc point
of SDS, Triton x-100 and CTAB surfactants using conductometery method. Applied Chemistry, 6(20),
47-52. (in persion)

\YY



