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Studies on the CMC and the Thermodynamic Function of the Anionic
Surfactants in the DMA/Long-chain Alcohol Systems Using a
Microcalorimetric Method
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Abstract The critical micelle concentration (CMC) and thermodynamic function of anionic surfactant so-
dium laurate (SLA) and sodium dodecyl sulfate (SDS) in the N,N-dimethylacetamide (DMA)/long-chain al-
cohol systems were studied using titration microcalorimetric method. The power-time curves of SLA and
SDS with the presence of long-chain acohol (n-heptanol, n-octanol, n-nonanol and n-decanol) in DMA sys-
tem were determined. Then, from the curves, the CMC and thermodynamic functions (AH,, ,AG, and
AS, ) were obtained by thermodynamic theory. The relationships between temperature, alcohol’s carbon
number, concentration and thermodynamic properties were discussed. For SLA or SDS in DMA solution,
under the same concentration of acohol, the values of CMC, AH_ and AS. increase, while the values of
AG, decrease with the increment of the temperature. Under the same condition of identical temperature and
alcohal’ s concentration, the values of CMC, AH_, AG, and AS. decrease with the increment of the al-
cohol’ s carbon number. In the presence of the same kind of acohoal, the values of CMC and AG,, increase,
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but the values of AH, and AS, decrease with the concentration increasing in acohol series at the same

temperature.

Keywords microcaorimetric method; N,N-dimethylacetamide; sodium laurate; sodium dodecyl sulfate;

long-chain alcohol; CMC; thermodynamic function
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Table1l Specific conductance of SLA and SDS in DMA in the
presence of 1.0 molsL~*octanol at 303 K

K I(uSrem™)
Surfactant —
H,O  DMA/octanol (1.0 moleL %)
0 2.06 0.88
0.0LmoleL " 'SLA 645 54.8
0.01molsL 1 SDS 669 239.0
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Figure 1 The power-time curves of the 0.01 moleL * SLA in
DMA solution containing n-nonanol of different concentration at
308 K
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Figure 2 The power-time curves of the 0.01 molsL ™ SDS in
DMA solution containing 1.00 molsL ! n-nonanol at different
temperature

(a) 298; (b) 303; (c) 308; (d) 313K
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Figure3 The CMC-T, CMC-n and CMC-c curves of 0.01molsL * SLA or SDSin DMA in the presence of different alcohol concentra-
tions or at different temperatures
(A) The CMC-T curves of 0.01 molsL "*SLA in DMA system in the presence of 1.00 mol-L ~* alcohols: (a) n-heptanol, (b) n-octanol, (c) n-nonanol, (d) n-decanol;
(B) The CMC-n curves of 0.01 mol-L * SLA in DMA system in the presence of 1.00 molsL " alcohoals; (a) 298, (b) 303, (c) 308, (d) 313 K; (C) The CMC-c curves
of 0.01 molsL* SDSin DMA system in the presence of alcohols of different concentration at 308 K: (a) n-heptanol, (b) n-octanol, (c) n-nonanol, (d) n-decanol; (D)
The CMC-n curves of 0.01 molsL * SDSin DMA system in the presence of alcohols of different concentration at 308 K: (a) 1.5, (b) 1.0, (c) 0.5, (d) 0.1 molsL *

£ 2 001 moleL " SLA Fi10.01 molsL * SDS £ 1.00 moleL ' EE[) DMA 1R &1, ZEAHELEHT ) CMC (10 * molsL )iy
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Table2 The CMC (10~* molsL ") and the thermodynamic functions [ AG,, , AH /(kJemolY); AS; /(3K *emol %] of 0.01 moleL™*
SLA and 0.01 molsL 1 SDSin DMA system in the presence of 1.00 molsL ~* alcohols at different temperature

n-Heptanol n-Octanol n-Nonanol n-Decanol
Surf. T/K

cMc AG, AH, AS, cMC AG, AH, AS, cMCc AG, AH, AS, coMCc AG, AH_ AS,

m

298 910 —2325 —1996 —11.03 844 —2343 —3921 —5295 799 —2357 —90.96 —2262 733 —2378 —160.6 —459.3
SLA 303 9.77 —2346 —1621 2392 910 —2364 —2357 0218 854 —23.76 —51.47 —69.73 777 —2403 —8450 —171.7
308 1021 —23.73 —1410 3127 977 —2384 —1878 1644 932 —2397 —3693 —5323 864 —2409 —56.34 —104.7

313 10.77 —23.98 —10.24 4389 1032 —24.09 —10.82 29.61 977 —24.23 —2350 2335 932 —2435 —3956 —4858

298 844 —2343 —3415 —3597 799 —2357 —4239 —6316 710 —23.86 —9238 —2299 6.66 2402 —1584 —451.0
303 932 —2358 —27.66 —1348 888 —23.70 —3057 —22.68 777 —2403 —51.83 —91.74 6.88 —2434 —96.37 —237.7
308 9.99 —23.79 —1621 2460 932 —2397 —2065 1076 888 —24.09 —40.89 —5455 844 —2422 —7203 —155.2
313 1066 —24.00 —1218 37.78 1011 —2414 —1507 2898 955 —2429 —3810 —4412 898 —2445 —4365 —6134
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# 3 001 moleL ™" SLA #1 0.01 molsL ™ SDS 7E 545 AN BE ) DMA fAZR h, 1 308 K i) CMC (10~ molsL YRl 1y 2% 55
HAG, ,AH . /(kFmol 1), AS. /(JK Temol 1]

Table3 The CMC (10 * molsL %) and the thermodynamic functions [ AG,, , AH,, /(kJemol ); AS, /(3K *emol %] of 0.01 moleL *
SLA and 0.01 molsL ' SDSin DMA system in the presence of alcohol of different concentration at 308 K

Concentration of n-Heptanol n-Octanol n-Nonanol n-Decanol

S dcoholi(moleL ) cMC AG, AH. AS, cMCc AG, AH, AS, cMC AG, AH_ AS, cMC AG, AH, AS,
0.1 710 —2466 —245 7211 666 —2483 —326 7002 622 —2500 —740 5714 555 —2529 —821 5546
0.5 888 —24.09 —423 6448 844 —2422 —656 5733 7.99 —2436 —1696 2402 733 —2458 —26.97 —7.760
A 1.0 10.21 —23.73 —14.10 3127 977 —23.84 —1878 1644 932 —2397 —40.36 —53.23 8.88 —24.09 —56.34 —104.7
15 11.32 —23.47 —29.26 —18.82 10.88 —23.57 —40.46 —54.84 10.43 —23.68 —90.64 —217.4 9.99 —23.79 —136.97 —367.5
0.1 755 —2450 —0.86 7676 7.10 —2466 —124 7604 646 —2483 —318 7028 555 —2529 —4.88 66.27
0.5 844 —2422 —470 6335 799 —2436 —9.12 4948 7.33 —2459 —1459 3244 644 —2491 —1817 21.89
SDS 1.0 999 —2379 —16.21 2460 932 —2397 —20.65 10.76 8.88 —24.09 —40.89 —54.55 830 —24.22 —72.03 —155.2
15 11.32 —23.47 —36.16 —41.21 10.66 —23.62 —47.65 —47.46 10.21 —23.73 —90.57 —247.6 9.77 —23.84 —1355 —362.4
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Figure 4 The AH_ -T curves of 0.01 molsL™* SLA in DMA
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Figure 5 The AH, -n curves of 0.01 molsL * SLA in DMA
system in the presence of 1.00 molsL * alcohols at different tem-
preture
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308K

m01; 05 A 10; ¥V 1.5molsL*

MF 2, 3 111 AG, F1AS, (MW T W.: AG, EAHIF]
P S AR R S Rk 2, B A TR (R T i 2D EAH
v FEE AR [ BE R RE ) A Ry, Bt B v e B 14 H
(O3 DN /b EAH )2 B A TR Pl Ak R b, BB A
(A B8 TR B8 I 38 0. AS,, E A 7] 1 B AH [R] 3 BE 11 4
FaM, B A U PR T v 3G 0 A (R R R A [ B
R R e, B A I P B D 0 H RS vk 7
[ 2 A (] 3 58 PR A 28 v, A e S P 8 o o ik
b

KTHEL . BERIA SR XS AG, , AS, 5%
M CMC ZIEmnl 19 2R, TR G R, TﬁtT
HEOR.

W R, BT AT R A i

(1) 75 DMAJIE=FREAFIT, AR I TE e R0k 50,
TR IR 2 B R PR AR A b bR AR S
N, AG; Jy—26 kdmol ' LA, AHS N 2.0~—6.0
kJemol %, TAS Jy 29~49 kJemol M1, piy st ] 41 Ho e T
e IRE). ERATER ) DMAIKEERA R T, AG,
i —49 kJmol ' A A7, AH O —79~300 kJmol *, TAS
Jy 4.8~7.9 kdmol . AR, XK A T K
At .

(2 VFEAERATE e, BEANTE F AL (CH) ) BTRR
JRHOIV 1852 BR8-Sk IR PR S5 ), S52 B B TS 1 7 UE@
KR KIEN, BIAG, = R, + Fy, i A sk 4E
HIRE, Ja& MR raE, —EFEE 3% ~5%, i
WA o R 3R, JF L AG,, A 2.72 kJemol 109,
SHFARR, MR 1 moleL " IEEEEK DMA ¥
1, M5 AGG,, A 4.1 kJemol . X W ZEAR I E K 22 11
AN, BRI LT 0 E A B, E2
B (CHy) I 7K A I ORR 3G 5, O i, LR 2
IR ).

3 g

(1) A ERAONE T KR P BEAE AR, 3%
T 335 AT 1 S 1) J R 3 A ) S Th 28— [ il 2, A
2 LI RUAS T I IR R EE(CMC). AR it £k
FITHAR, SKAF T IRATE AR (AH ), MR 57 PLig,
AI3RA3 AG, MTAS, , 1X &3k CMC FI# ) 27 ek 5L
(R 7 1.

(2) SLA FiI SDS Je & A A RIA FEIEE ¥ DMA 14 %
1, CMC, AH,, F1AS, i Bl A i B 1) T v i 5
AG,, (1 {H bt A L PR T v AT

(3) SLA Fl1 SDS 75 AH Rl B K AH 7] B 1) B 1)
DMA A&, CMC, AH-, AG., AS, [ #RkE 4 7
Hh 1 E H R i A

(4) SLA 1 SDS 1 AH )i 5 S AH [a) v 5 1 I 1)
DMA A&, CMC, AG: II{EKEAE B B 1 3 fin i 43
K 1T AH, FTAS,, FRIAE BE A B 2 (58 D ssi /).

(5) PiRhE I TERIAE DMA WAL HH 1k O/w
RURH, BATTI T B R SR 5.

B2, P e PAASCRT DA s A T R
TE B R ) BTl - ) i 2, XSRS T I 2 S
B, HIET LR CMC R 22 B (AH , AG]
AS,), X EE SO T T AT 0 2 T 4 7 1 1
JRA TR BRI A SR R R 5



912 b  R Vol. 65, 2007
References 11 Yu, X.-F; Wu, L.-L.; Zhang, H.-L. Chin. J. Appl. Chem.
2002, 19(3), 263 (in Chinese).
1 Castedo, A.; Del Castillo, J. L.; Sudrez-Filloy, M. J; (75, RHH, Rk, & mALE, 2002, 19(3), 263.)
Rodriguez, J. R. J. Colloid Interface Sci. 1997, 196, 148. 12 Zhao, G-X. Physical Chemistry of Surfactant (Revised Edi-
2 Gonzédlez-Pérez, A.; Czapkiewicz, J.; Del Cadtillo, J. L.; tion), Beijing University Press, Beijing, 1991 (in Chinese).
Rodriguez, J. R. J. Colloid Interface Sci. 2003, 262, 525. (R4, R@EWAmEAFE 15TR), JbRi KR
3 Backlund, S.; Friman, R.; Karlsson, S. Colloids Surf., A A, dbx, 1991)
1997, 123, 125. 13 Li, G-Z.; Lin,Y.; Guo, C.; Hao, S.-X. Acta Phys.-Chim. Sin.
4 Zana, R. Colloids SQurf., A 1997, 123, 27. 1986, 2(2), 183 (in Chinese).
5 Correa, N. M.; Biasutti, M. A.; Silber, J. J. J. Colloid Inter- (&4, #hot, #h5, MRE, HEAE FIR, 1986, 2(2),
face Sci. 2006, 296, 356. 183))
6 Salim Akhter, M.; Al-Alawi, S. M. Colloids Surf., A 2000, 14 Chen, Z.-Q.; Wang, G-X.; Xu, G-Y. Calloids and Surface
164, 247. Chemistry, Higher Education Press, Beijing, 2001 (in Chi-
7 Zhao, G-X. Physical Chemistry of Surfactant, Beijing Uni- nese).
versity Press, Beijing, 1984 (in Chinese). (Mo B, E060, MR, kb R @mis, Sy
(BE 4, K@@ mEs, et kE i, Jba, HiklAt, dbat, 2001)
1984.) 15 Attwood, D.; Florence, A. T. Surfactant Systems—Their
8 Ray,A.J. Am. Chem. Soc. 1969, 91, 6511. Chemistry, Pharmacy and Biology, Chapman and Hall,
9 Chauhan, M. S.; Kumar, G.; Kumar, A.; Chauhan, S. Col- London, 1983, p. 115.
loids Surf. 2000, 166, 51. 16 Attwood, D.; Florence, A. T. Surfactant Systems—Their
10 Hierrezuelo, J. M.; Aguiar, J.; Carnero Ruiz, C. J. Colloid Chemistry, Pharmacy and Biology, Chapman and Hall,

Interface Sci. 2006, 294(2), 449.

London, 1983, p. 105.

(A0B08091 ZHAO, C. H.; DONG, H. Z))



