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Micellar Behavior of Sodium Dodecyl Sulfate
in NaCl/NH,CI-C,H,OH-H,O Solution
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Abstract In the recycling treatment of NaCl and NH,Cl type pesticide waste salts, the crystalline separation of the
salts is often regulated by the surfactant sodium dodecyl sulfate (SDS) micelles and ethanol, so the study of the
micellization behaviour of SDS in the waste salt system is crucial to achieve the precise regulation of this process.
Among them, the critical micelle concentration (CMC) of SDS in waste salt system is an important parameter for its
micellization behaviour. The critical micellar concentration values of SDS in four systems, NaCl-H,0, NH,CI-H,0,
NaCl-C,H;0H-H,0 and NH,CI-C,H;OH-H,O, were determined using the surface tension method in the temperature
range of 293.15—323.15 K. The effects of temperature, salt solution concentration and ethanol content on the micellar
behavior of SDS were studied. The results showed that the CMC values of SDS in both salt solutions increased with the
increase of temperature without adding ethanol, while the CMC values of SDS decreased with the increase of salt con-
centration at the same temperature. After the addition of ethanol, the CMC values of SDS in NH,Cl solution increased
significantly, while it showed a tendency to decrease first and then increase in NaCl solution. Three standard thermo-

dynamic parameters for the micellar behavior of SDS were calculated by mass action model : standard molar Gibbs
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free energy changes (AG#) , standard molar enthalpy change (AH) and standard molar entropy change (AS#). From

the calculation results, it is clear that the micellar behaviors of SDS are all spontaneous and exothermic. In the NaCl-
C,H,0H-H,0 system, the addition of ethanol first promotes and then inhibits the formation of SDS micelles. While in
the NH,CI-C,H,0H-H,0 system, the addition of ethanol always inhibits the formation of SDS micelles.

Keywords Sodium dodecyl sulfate ; Critical micellar concentration; Surface tension; Thermodynamic parameter
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B AEPEE R Fig. 2 CMC values of SDS in NaCl-H,O system
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Table1 CMC values and thermodynamic parameters of SDS in the NaCl-H,O system

T/K c(NaCD/(mol- L") p/(kg-m™) CMC/(mmol-L™") AG#/(kJ-mol™) AHF/(kJ-mol™) AS#/(J-mol ™K ™)

293.15 0 0.998 7.358 -21.761 -1.079 70.550
0.1 1.005 0.759 -27.297 -8.359 64.600
0.3 1.011 0.529 -28.177 -9.903 62.337
0.5 1.018 0.363 -29.095 -10.846 62.251
0.7 1.024 0.251 -29.994 -11.760 62.199
1.0 1.038 0.135 -31.505 -13.289 62.139
303.15 0 0.996 7.483 —-22.460 -1.559 68.949
0.1 1.003 0.850 -27.943 -10.406 57.847
0.3 1.009 0.608 —-28.787 -11.446 57.205
0.5 1.016 0.398 -29.855 -12.699 56.594
0.7 1.022 0.278 -30.760 -13.745 56.125
1.0 1.036 0.168 -32.029 -15.419 54.792
313.15 0 0.992 7.671 -23.137 -2.250 66.698
0.1 0.999 1.034 -28.354 -13.094 48.733
0.3 1.005 0.726 -29.275 -14.170 48.236
0.5 1.012 0.439 -30.585 -15.580 47914
0.7 1.018 0.312 -31.474 -16.974 46.302
1.0 1.032 0.213 —-32.468 -18.825 43.565
323.15 0 0.988 7918 —-23.790 -3.247 63.572
0.1 0.995 1.188 —28.887 -16.765 37.511
0.3 1.001 0.865 -29.739 -17.972 36.415
0.5 1.008 0.548 -30.966 -20.064 33.735
0.7 1.014 0.369 -32.028 -21.201 33.504
1.0 1.028 0.254 -33.031 -22.417 32.847

2.2 SDS7ENH,CI-H, 0k Z i) CMC &
1E293. 15~323. 15 K I BEJE & T SDS 76 NH,Cl-H,O K 22 i CMC R, 4552 DL 3 fige 2. H:
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LA o1

WX R TR 2 K2 I 3 LA S, R -
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P T SDS BEH AT B, 33X SR TR A I AT
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PR ARE PEFTRL I, FERl—IRBE TS, PRAMA R R B0 B 9 = 24 SDS 19 CMC i B St 9],
FHorp NH,CLI# /N W BE R F NaCl W 303. 15 K A9HRET , NH,CLFT NaCl i B 43531 BA O mol/L 7= £
1. 0 mol/LH}, SDS 4 CMCEL 7. 483 mmol/L 537l T B £ 0. 042 F10. 168 mmol/L. FRBIPAFI TCALER )/
AL UE SDS B A ALAT R, H NH,Cl A2 JEVEF Fb NaCl B3 2,

X T SDS BH B F R TIH R, Fof H Sk 3k €, HL.S0; 2Z [l HEFR 1 s 550 T SDS 43 FTE iUie
WEMEZ FREE. SDS 43 HII7E NaCl F1 NH,C1 W 1 A e R A 7R 22 B 4 Scheme 1 77R . NH; F Na i A
145 5 SDS iy 1 i Sk 3 CL,HL,.S0, K AEZEAVE R M Es e Z g HERVER, 15 SDS 4375
SIE WU, FIF LA b 775 v e B B e 24046 SDS Y CMC {ELJg/N>*. A EE T Na*, NH; 5 SDS 7 i 3k I

Fig. 3 CMC values of SDS in NH,CI-H,O system
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Table 2 CMC values and thermodynamic parameters of SDS in the NH,CI-H,O system

T/K ¢(NH,C)/(mol- L") p/(kg-m™) CMC/(mmol - L") AG#/(k]-mol ™) AH#/(kJ-mol ) AS®/(Jemol™'-K™)

293.15 0 0.998 7.358 -21.761 -1.079 70.550
0.1 0.985 0.375 -29.013 -3.908 85.639
0.3 0.988 0.171 -30.931 -6.166 84.478
0.5 0.990 0.078 -32.833 =7.695 85.752
0.7 0.993 0.059 -33.510 -9.467 82.018
1.0 1.009 0.037 -34.687 -10.546 82.350
303.15 0 0.996 7.483 —-22.460 -1.559 68.949
0.1 0.983 0.398 -29.855 =5.257 81.143
0.3 0.986 0.181 -31.844 -7.320 80.898
0.5 0.989 0.087 -33.682 -10.399 76.803
0.7 0.991 0.068 -34.320 -11.056 76.740
1.0 1.007 0.042 -35.523 -12.897 74.635
313.15 0 0.992 7.671 -23.137 -2.250 66.698
0.1 0.981 0.432 -30.629 =7.060 75.263
0.3 0.984 0.196 -32.687 -10.737 70.092
0.5 0.986 0.103 -34.364 -16.648 56.573
0.7 0.988 0.079 —-35.043 -17.651 55.539
1.0 1.004 0.051 -36.174 -21.116 48.085
323.15 0 0.988 7918 —-23.790 -3.247 63.572
0.1 0.979 0.475 -31.351 -9.463 67.733
0.3 0.982 0.213 -33.506 -12.476 65.077
0.5 0.984 0.142 -34.592 -19.422 46.945
0.7 0.986 0.100 -35.528 -20.507 46.483
1.0 1.003 0.071 -36.475 -27.600 27.464

e‘* ————— ’d’

5 C2HsS0; ; @ Na'inSDS; @ Naionized from NaCl; @ NH;

Scheme 1 Schematic representation of SDS micelles in NaCl and NH Cl solutions

C,H,S0, Z Al 9454 VE s , B NH; 3 5 55 SDS 4 Hi 3k 3 €, HL.SO, B BGE L%, [RItk, NH; %} SDS
T S C L H,,80; B SR FH AR T Na*, SDS 7E NH,CUATR Fh CMC {1 R 5>,
2.3 SDS 7 NaCl-C,H,OH-H,0 #1 NH,CI-C,H.,OH-H,O & Z 1 # CMC &

1£293. 15~323. 15 K J& FE 7 Fl & T SDS 7E NaCl-C,H,OH-H,0 & ZH i CMC{H (K 4). H, 2
P AR TR 734 o (C,H;OH) 2 0~30% , NaCl ¥ Wi ik B2 7 L4 0. 3~1. 0 mol/L. Hy &1 4 AT, AE [F]— i B2
NaClVRJE T, SDS 1Y) CMCAE BE Ll 5 5 3G K2 e/ N R a3, FLAE QB 52 10% Iy fwo)s
B 7EF— O BES T, SDS (1 CMC {E FE & I 0 o s /N 3G K, 1 BE NaCl i B2 9 s i B it
WIS

£ 293. 15~323. 15 K Jia B {5 B N 4 7 SDS 78 NH,CI1-C,H,0H-H,0 & & Fh i CMC{E (K 5). Horf,
ZIERFR 8 0 N 0~30%, NH,C1 ¥ B35 Fl 4 0. 3~1. 0 mol/L. H1 &5 AT 1, 7 [a]— I 28 1 NH,C1 ¥k B
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Fig.4 CMC values of SDS in the NaCl-C,H,OH-H,O system
¢(NaCl)/(mol-L™): (A)0.3; (B)0.7; (C) 1.0.
7F(A) —m=—293.15 7r(B) —m—29315K 7+(C) —=—293.15K
5 —e—303.15 6L —e—303.15K 6 —e— 303.15K
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Fig.5 CMC values of SDS in the NH,CIl-C,H.OH-H,O system
C(NH“C])/(moI'Tfl): (A)0.3;(B)0.7; (C) 1.0.

T, SDS ) CMC B YA Bl £, & e A R 3G K, HLAE CRE S 180 0~20% B CMCAELI 3G IR BE /N, T
P BE S 1 20%~30% BF CMCAE 3SR IR AR #ER) — 2B i8R, SDS 1) CMC L Fifi i B 19 7 5
A /INIESE R, TR NH, G 3 1 71 1 B S/
24 SDSERUEEMAANZITE

fE 293.15~323. 15 K ifit & 3w [ N, SR T & 4 A BE AU 31 58 7 SDS 7E NaCl-H,0, NH,CI-H,0,
NaCl-C,H;0H-H,0 #l NH,Cl-C,H;0H-H,0 4 A R th T 2= 2 4800H , 459 TR 3 K4, R 1-K4
AIHT, SDSAE 4 FiA R b A AL B2 19 AGE 4 R (8, UiHH SDS s T8 il #3502 A R HE1 71 . 7

Table 3 CMC values and thermodynamic parameters of SDS in the NaCl-C,H,OH-H,O system

¢(NaCl)/ CcMC/ AG#/ AH®/ AS®/
T/K  @(C,H0H)(%) ) pl(kg-m™) . . . o

(mol-L") (mmol-L™") (kJ-mol™) (kJ-mol™) (Jomol'-K")
293.15 10 0.1 0.970 0.592 -27.903 -6.537 6.263
0.3 0.971 0.421 -28.733 -7.838 6.126
0.5 0.974 0.227 -30.239 -9.460 6.091
0.7 0.975 0.177 -30.845 -10.174 6.060
1.0 0.978 0.132 -31.560 -11.382 5915
303.15 10 0.1 0.969 0.695 -28.450 -10.536 5.431
0.3 0.970 0.489 -29.336 -12.477 5.111
0.5 0.973 0.241 -31.119 -14.395 5.070
0.7 0.975 0.185 -31.786 -15.205 5.027
1.0 0.977 0.157 -32.200 -15.740 4.990
313.15 10 0.1 0.969 0.948 -28.580 -13.795 4.630
0.3 0.969 0.608 -29.737 -15.328 4512
0.5 0.972 0.273 -31.821 -12.417 6.077
0.7 0.974 0.230 -32.268 -16.542 4.924
1.0 0.976 0.206 -32.555 -15.311 5.400
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Continued
¢(NaCl)/ cMc/ AGH/ AH®/ AS®/
T/K  ¢(CH,0H) (%) B pl(kg-m™) . B B o
(mol-L™) (mmol- L") (kJ-mol™) (kJ-mol™) (J-mol™-K™)

323.15 10 0.1 0.968 1.086 -29.128 -17.737 3.681
0.3 0.969 0.716 -30.247 -18.927 3.658

0.5 0.972 0.320 -32.411 -22.426 3.227

0.7 0.973 0.291 -32.666 -23.389 2.998

1.0 0.976 0.238 -33.206 -24.613 2777

293.15 20 0.1 0.956 1.024 -18.771 -5.773 44.339
0.3 0.960 0.728 -19.808 -7.009 43.660

0.5 0.963 0.498 -20.923 -8.445 42.565

0.7 0.966 0.391 -21.689 -9.281 42.325

1.0 0.969 0.323 -22.396 -10.910 39.182

303.15 20 0.1 0.955 1.127 -19.170 -7.121 39.746
0.3 0.958 0.809 -20.218 -8.573 38.414

0.5 0.961 0.552 -21.377 -9.803 38.180

0.7 0.963 0.436 -22.154 -10.636 37.995

1.0 0.965 0.366 -22.845 -12.806 33.118

313.15 20 0.1 0.944 1.272 -19.487 -9.001 33.485
0.3 0.948 0.912 -20.572 -9.710 34.687

0.5 0.952 0.648 -21.665 -11.365 32.889

0.7 0.958 0.528 -22.386 -12.637 31.131

1.0 0.963 0.439 -23.125 -13.558 30.551

323.15 20 0.1 0.944 1.426 -19.802 -10.557 28.608
0.3 0.947 1.034 -20.892 -11.712 28.408

0.5 0.949 0.726 -22.051 -12.980 28.072

0.7 0.955 0.596 -22.775 -16.939 18.062

1.0 0.961 0.512 -23.450 -17.685 17.841

293.15 30 0.3 0.949 1.382 -18.246 -5.773 42.548
0.5 0.953 0.994 -19.238 -7.709 39.329

0.7 0.959 0.855 -19.782 -8.345 39.013

1.0 0.966 0.687 -20.557 -9.903 36.345

303.15 30 0.3 0.944 1.496 -18.668 -7.213 37.789
0.5 0.949 1.108 -19.621 -9.979 31.807

0.7 0.950 0.952 -20.185 -10.682 31.350

1.0 0.960 0.785 -20.922 -12.592 27.480

313.15 30 0.3 0.930 1.717 -18.925 -9.001 31.691
0.5 0.935 1.301 -19.850 -12.099 24.751

0.7 0.942 1.175 -20.303 -14.390 18.883

1.0 0.948 0.963 -21.080 -15.972 16.312

323.15 30 0.3 0.921 1.863 -19.310 -11.208 25.069
0.5 0.931 1.502 -20.097 -14.638 16.895

0.7 0.940 1.363 -20.553 -19.343 3.742

1.0 0.948 1.175 -21.219 -20.220 3.089

Table 4 CMC values and thermodynamic parameters of SDS in the NH,CI-C,H,OH-H,O system

(NH,C1)/ CMC/ AG*/ AH®/ AS®/
T/K ¢(C,H,0H) (%) . pl(kg-m™) .
; (mol-L™") (mmol-L™") (kJ+mol™) (kJ-mol™) (Jemol'-K™")

293.15 10 0.1 0.949 0.431 -20.908 -3.594 59.062
0.3 0.955 0.297 -22.018 -5.766 55.440

0.5 0.959 0.144 -23.976 -8.431 53.027

0.7 0.966 0.099 -25.069 -9.695 52.443

1.0 0.968 0.067 -26.267 -10.424 54.043
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c(NH,CD)/ . cMe/ AG#/ AH®/ AS9/
T/K @(C,H,0H) (%) . pl(kg-m™) } . . o
(mol-L™") (mmol- L") (kJ-mol™) (kJ-mol™) (Jomol™-K™)

303.15 10 0.1 0.945 0.453 -21.494 -5.219 53.689
0.3 0.951 0.336 -22.460 -8.901 44.727

0.5 0.956 0.169 -24.389 -11.140 43.704

0.7 0.963 0.109 -25.664 -12.538 43.299

1.0 0.965 0.078 -26.751 -14.127 41.642

313.15 10 0.1 0.944 0.496 -21.967 -7.566 45.986
0.3 0.949 0.383 -22.855 -10.631 39.034

0.5 0.951 0.200 -24.751 -15.597 29.234

0.7 0.963 0.136 -25.938 -20.024 18.885

1.0 0.963 0.093 -27.188 =21.777 17.282

323.15 10 0.1 0.941 0.549 -22.393 -10.939 35.444
0.3 0.945 0.436 -23.240 -11.669 35.807

0.5 0.948 0.247 -24.975 -19.161 17.991

0.7 0.960 0.164 -26.268 -23.381 8.935

1.0 0.960 0.121 -27.349 -24.830 7.793

293.15 20 0.1 0.950 0.521 -20.417 -13.104 24.948
0.3 0.952 0.382 -21.382 -14.132 24.731

0.5 0.956 0.248 -22.622 -15.454 24.450

0.7 0.956 0.202 -23.300 -16.233 24.108

1.0 0.964 0.125 -24.712 -17.655 24.074

303.15 20 0.1 0.946 0.637 -20.607 -15.335 17.393
0.3 0.949 0.457 -21.658 -16.702 16.346

0.5 0.953 0.313 -22.806 -17.932 16.076

0.7 0.954 0.260 -23.458 -18.666 15.808

1.0 0.961 0.161 -24.923 -20.133 15.800

313.15 20 0.1 0.945 0.803 -20.682 -18.042 8.431
0.3 0.948 0.587 -21.719 -19.143 8.226

0.5 0.950 0.409 -22.861 -20.407 7.836

0.7 0.952 0.326 -23.639 -21.679 6.261

1.0 0.958 0.199 -25.181 -23.366 5.795

323.15 20 0.1 0.943 0.996 -20.765 -20.090 2.090
0.3 0.946 0.723 -21.854 -21.323 1.645

0.5 0.948 0.524 -22.929 -22.478 1.398

0.7 0.950 0.424 -23.687 -23.346 1.057

1.0 0.956 0.266 -25.214 -24.900 0.971

293.15 30 0.3 0.926 3.299 -16.102 -10.839 17.955
0.5 0.929 2.938 -16.576 -11.432 17.547

0.7 0.933 2.713 -16.947 -11.910 17.180

1.0 0.935 2.418 -17.472 -12.518 16.899

303.15 30 0.3 0.926 3.846 -16.265 -12.150 13.573
0.5 0.929 3.587 -16.638 -12.584 13.374

0.7 0.931 3.156 -17.144 -13.142 13.202

1.0 0.933 2.932 -17.540 -13.753 12.491

313.15 30 0.3 0.924 4.841 -16.203 -14.325 5.998
0.5 0.928 4.157 -16.804 -14.969 5.860

0.7 0.931 4.031 -17.073 -15.328 5.575

1.0 0.932 3.475 -17.720 -16.061 5.298

323.15 30 0.3 0.923 6.096 -16.103 -15.888 0.665
0.5 0.927 5.204 -16.738 -16.565 0.535

0.7 0.928 4.818 -17.140 -17.017 0.382

1.0 0.930 4.293 -17.719 -17.676 0.130
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Scheme 3 Schematic representation of the micellisation behaviour of SDS in the systems
(A) NaCl-C,H,0H-H,0; (B) NH,CI-C,H,0H-H,0.
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