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Turbidity and Viscosity Measurements on Some Ca tionic 
Detergents in Water and in Sodium Chloride Solutions 

Lawrence M. Kushner, Willard D. Hubbard, a nd Rebecca A . Parker 

LiQ'ht-scatterin g a nd viscosity m easurements were made on solu tions o f three cationic 
deterge~lt~ in dis tilled water and ill var ious solutions of sod iu m chlorid e. The dcterp;ents 
'YC1'e dodeeylamill e hydrochloride, dodecy lt l"lll1 l'th.v la Il1ll10 nlulll chlo l"lde, a nd tctmdecyl
tr imethvlanlmolliul11 chlori de. The fi rst of these \\'as investigated at 30° C a nd t he othe rs 
at 23° C. The mi cellar weig ht a nd t he in t rin sic viscosity of t he micelles of eaell detergent 
\\'e re calc ulated, a nd t he d epende nce of tiWSl' quantities on t he concentration o f sod ium 
chloride is d iscusspd . 

1. Introduction 

The anionic cletergent sodium clorlecyl sulfate h as 
been the subj ect of a number of physical chemical 
inves tigations. Studies h ave been m ade on dilu te 
aqueous solu tions of the detergen t wiLh respect to 
ligh t scattering [l , 2),l viscosi ty. [3], and el~c tro
phoresis [4]. As a result , t he micellar beh aVIor of 
th e material has been well characterized . 

A par t icularly interesting feature of. these inves ti
gations LS the mark:ed dependen.ce of . the .physJCal 
property being measured (t urbId ILy,. VISCOSIty, etc.) 
on the qllantity of simple electrolyte m t he solutlon ~ . 
In the case of ligh t-scaLtering measuremen ts , J t IS 
found tha t the addition of sodium chlonde up to a 
conce nt ration of abou t 0.05 Lo 0.06 1\1[ causes a largc 
incrcase in the t urbidi Ly of the solutions . Acco rd
ingly, t he micellar weight calculated from Lhe data 
by the method of D ebye [5J o r Mysels [?] lIl:reas~s 
rapidly with increasing sal t concentratIOn . In th iS 
range . The relative viscosity of the solu tIO ns de
creases markedly in the presence of similar concentra
tions of simple electrolyte. This is reflected in the 
in trin sic viscosity which decreases rapidly in pre
cisely the same range. 

This paper describes the results of turbidity . and 
viscosity measurements made on solu tions of three 
cationic detergents in distilled water and in soluti<?ns 
of sodium chloride. Dodecylamine hy drochlonde 
was chosen because its surface active ion is the posi
t ively charged analog of the dodecyl sulfate i?n. 
Because of the poor solu bili ty of the primary amme 
h ydrochloride in salt solutions, measurements were 
aiso made on a comparable quaternary salt, clodecyl
trimethyl ammonium chloride. T etradecyltrimethyl
ammonIum chloride was investigated to give an 
indication of the eHect of increasing the chain length 
of the hydrophobi c por tion of the surface active ion. 

I Eigures iu brackets indicate the Jiter~t ll re references at the end of this paper. 
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2. Experimental Procedure 

2.1. Materials 

Doclecylaminc hydrochloridc was prepared from 
clodecylamine in Lhe following m a nner. :fifty gran:ts 
of doclecylamine (Armour &; Co.) was dIssolved. 1Il 

anhydrous benzene. Gaseous llydrogen chlonde 
\\~ a s bubbled lhrough thesoluLionuntil a sligh t excess, 
as indicated by a methyl redspot Lest, h ad been 
ad.ded . The solu tio n was cooled Lo approximately 
0° C and the dodecylamine lly drochloridc crys tals 
werc 'fil tercd off aL Lha t tempe raturc . The material 
wa s then recrystallized. twice in the samc manner 
from benzene and finally dried overnigh L in a vacuum 
oven at 60° C. As a chcck on lhe puriLy of the sal t , 
Lhe specifi c condu clance of a 0.0 ] 354-N aqueous 
soluLion was d.elermill ecl at 30° C. A valu e of 
13 .62 X 10- 4 ohm- 1 was obLain ed. This is Lo be 
compared wi th Lhe valu e 13.64 X 10- 4 ohm- 1 given 
by Armour & Co. The chloride content was deter
mined to be 1. 5.96 percen L The theorctical valuc 
is ] 5.99 percent. 

Subsequent measuremenLs of the . turbidity of 
aqueous solutions of the dodecylamine hydrochloride 
indicated the presence of traces of a water-insoluble 
impurity , suspeeLed to be benzene. Two re cry~ta~
l izations of th e sal t from cold methyl alco hol ehml
n a ted the contaminant. 

Dodecyltrime thylammonium chloride and tetra
decyltrimethylammonium chloride were obtained as 
the quaternary sal ts from Armour &: Co. Both were 
purified by precipitating them from solutions of 
eth anol by the addition of anhydrous ethyl eth er . 
The resul ting slurry was cooled as before, and the 
crystal s were removed by filtration. They were 
Lhen dried under vacuum at room temperature . 

2 .2 . Refractive Index 

~feasurements of the refractive-index increments 
(!1n/!1c) of the three de tergents in distilled water and 
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T AB I>E J. Light-scattering and viscosity data f or solutions of dodecylamine hyd1"ochloride, dodecyll1'imethylamnwniwn chloride, and 
tetmdecyllrimethylammoniwn chloride in distilled water and in sol!itions of sodium chlor'ide 

(c p=ccntipoise; [7]}=intrinsic \-iscosity; LlnjLlc=J'cfracLh-c index increment ; C1vIC=crit ical mice lle concentration; IZ]=inLrinsic d issym l11etr ~'). 

Distil led H 2O 
C:l r C~0.323 g/dl 

O.Ql-J[ :\'aC I 
c:\ r C~0.272 g/dl 

0.02-.1[ " -nC I 
C:l r C~0.227 g/dl 

OO-l-.1fKaCI 
C:YI C~0. 1 65 g/JI 

0.06- ;1[ :\'aCI 
C:lIC~0. 145 g/dl 

DOJ) ECY I.."L\t1 ~E '·IYDROCHLOIt I D I-; (300 c) 

Con CCTlLra,· D ensity Viscosity 
Lion 

(ildl (liml cp 
0 0.99565 0.7975 
0. 100 . 99556 
. 200 . 00548 
.300 . 99539 .8060 
.400 . 00531 .8095 
. 500 . 99523 .8148 
.600 . 99515 .8189 
.800 . 00498 . 8327 

1.000 . 99482 .8466 
1.100 . 99473 .8519 
I. 200 . 99465 .8592 

--- I --------

0 0.9<J646 0. 7990 
0.100 .00638 

.200 . 99630 .8037 

.300 .9962 1 .8075 

.400 .99fl1:J .8118 

. 500 . H9fi05 .8161 

. 600 . 99596 .8205 

.800 .99580 .8298 
J. 000 . 99563 8397 

0 0.99725 0.8006 
0. 100 . 997 17 .8048 

.200 .99709 .8051 

. 300 .99702 .8089 

. 400 .99694 .8 11 4 

.500 .9968(; .81.59 

. 600 . 9967R .8199 
800 .99663 .8287 

I. 000 .99647 .8393 

0 0.99807 0.8021 
0.100 . 99i98 .8091 

. 200 .99789 .8071 

.300 . 99780 .8 104 

. 400 . 99771 .8 136 

.500 . 99762 .8186 

.000 .99752 .8226 

.800 .99734 .8304 
I. 000 . 997 1G .8399 

0.064 

0. 048 

0.039 

0.034 

I CCn CCTIlrfl - Turbidit.y 
lion 

glml Xl0' em-I X lOS 
0 4.76 
O. 089 5. 00 
. 222 4.95 
. 295 5.33 
. 343 6.95 
. 363 7.81 
. 400 12. 23 
. 439 15.28 
.505 20.42 
.56 1 24. 18 
.680 31. 42 
.800 38. 70 
.907 40.08 
. 927 40.89 

J. 027 43.03 
1. 188 45. 17 
J. 428 48.60 
I. 648 5J. 31 

0 4.90 
0. 075 5. 14 
. 121 5. 09 
. 190 5. 47 
. 218 5.38 
. 275 5.95 
. 320 12. 00 
. 410 21. 13 
. 510 29.04 
. 610 34.84 
. i35 40.41 
815 43.32 

I. 015 49.46 
1. 215 54.36 

0 4.76 
0. 123 5.24 

. 268 12.42 

. 300 17.37 

. 400 30.5 

.500 40. 1 

. 600 48. I 

. 700 55.2 

.800 61. 4 

.900 66.6 
1. 000 it. 9 
l. 100 76.6 
1.250 83.3 

0 5. 24 
0.103 5.38 

. 187 10.57 

. 200 12. 99 

.300 30.5 

.400 45.2 

.500 58.5 

.600 70.8 

. 700 81. 6 

.800 91. 7 

.900 101. 2 
1.000 11 0. 4 
I. 100 120.0 
l. 200 129.0 
I. 250 133.8. 

0 5. 24 
0. 101 5.24 

.200 20.8 

. 300 42.8 

. 400 62.8 

.500 80.4 

.650 105.7 

. 750 121. 9 

. 800 J29.5 

. SOO J45 
1. 000 158 
1. 050 165 
1. 100 171 
I. 2.50 191 

2.3. Turbidity 

",ZIg 

1Vliccllar 
weight 

0. 161 17,800 

0. 160 21, 700 

O. 100 24, 100 

O. J60 28,200 

O. 160 34, oeo 

in the sodi um chloride solu tions were made with a 
differen tial refractometer similar to that described 
by P . P . D ebye [7 ]. All measurements \I-ere m ade 
at 23 ° C , using blue ligh t (436 mj.L) . The rcfractive
index increments determined are given in table 1. 

Measurements of turbidity were made in semi
octagonal cells in an absolu te light-scattering photom
eter [8]. Semioctagonal cells were used so th at 
determinations of dissymmetry, Z (the ratio of the 
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TA 13 ('8 I . Light-scattering and viscosity data for solutions of dodecylam-ine hydl'ochloride, dodecyllrimelhylammoniwn chloride, and 
tetradecylll'imethylammonium chloride in distilled water and in solutions oJ sodium chloride- Continued 

(cp=centipoisc; ["7]=i ntrinsic \' iscosity; D.71 /6.c = rcfractive index increment; C ;\fC = cri Li ca i 1l1i ce lle concen tration; [Z]=in tl'in sic d issym metry) 

80\\'('l1L Concen tra- Density Viscosity 1"1 Concen tra- Tu rb idity I tln l ':"c Micell ar 
Lion Lion weigh t 

-~---------------------------- ------------- - ---- ----------,--------

Illdl Ill ml C1' Ill mtX IO' cm-' X IO' I milo 
0 0.998:JO O. 80~(; 0 5.24 
0. 100 .99881 · S057 0. 037 5. 14 

. 200 . 99Sn · S08.5 . 097 5.2S 

. 300 . 99864 .8124 · 155 17.47 

. 400 . 99855 .8165 . 200 32.8 
O.OS- J.f KitCI . 500 . 99846 .8207 O. 0~8 . 300 67.8 0. 160 51. 100 

C .\[ C=O. I 18 " /ell .600 . 99838 .8254 . 340 81. 4 

I 
.800 .91'820 .8355 .4(i l 122 

I. 000 · 9£80~ .8479 _ 612 167 
.. .. ---- .. .794 222 
.. .926 2M 

---- I. 000 283 

0 0.99972 O. S049 0 5. 42 
0. 100 .99964 .8069 O. 09\J 5. 47 

. 200 . 99955 · S094 · 150 01. 9 

. 300 .99946 .814S .0 15 127.6 

O. IO- J( '{"C I · 400 · 99908 · 8202 · 08.5 167 

C .\ I C= 0. 109 "/ <11 .500 . 99929 .8260 O.OH . 490 225 0. 1(,1) 8.1, 500 
· (;00 . 9992 1 .8027 .585 284 
.800 . 99904 .848 4 .7M ~81 

I. 000 .9!:887 .8:'8) .880 4.14 
.. . 970 50H 

.. ' 

I 
I. oon .524 

0 I. 00 178 O. S090 0 5.38 
0. 100 I. 00109 · SlOS 0. 0.50 .:".47 
· 200 I. 00 159 · 8167 · 074 5.52 
.000 I. 00 149 .82(;1 · 107 11. 57 
. 400 I. 00 10') .8384 . 100 47. G 

0.1.>-.11 "aCI · 500 I. 00 100 · 8528 0.0;;0 .205 lti2.8 O. l f'O 231, 000 
C .\ I C =0. 101 g/<ll . 600 I. 00 120 .8694 .330 ~50 

.800 I. 0010 1 

I 
.9 10 1 .480 ,558 

I I. 000 I. 0008 1 .9(;oS · .1U2 700 
. 7S0 919 
. 91n 10m 

I. 000 II/Ii 

0 I. 00367 O. S I29 

I 

0 .).52 
0. 100 

I 

1. 00359 .8167 0.050 .) .. 52 
. 200 I. 00350 .83,50 · 107 61. 9 
.300 I. 00342 .8610 · 171 ;j4(. 

0.20-.1/ "aC I · 400 I. 0Q;j~3 · g9()(; O. I i) 
.28 1 743 O. 1(;0 ()55,OOO 

C .\ I C = 0.090 K/dl .500 I. 00024 . 9401 . 408 12.57 
· noo I. OO;;J() . 9909 · (-iG7 1\)50 
.800 I. 00298 I. 1204 . 7()9 2220 

I. 000 I. 00281 I. 29()fl · 90 l 2.1).10 
I. 000 27.50 -

1 

() I. 00580 O.8 \.5(i 

) 
O. 100 I. 00570 .8270 

0. 2.>-,1 [ ;-':aCI .200 I. 00559 · SH70 

C:l 1 C = ().093 g/dl . 300 I. 00548 

I 

.!Jno 1J.;;:j [i']-120 ~ 1 , 1 25,OOn 

· '100 I. 005~7 I. oono 
.600 I. 00516 I. 271J1 
.800 1. 004!J4 I. 7/;;)1 

0 I. 00785 0.820 1 
0. 100 I. 00772 .8384 

O.30-JV !\" C I · 200 I. 00758 · 9 102 0.45 [i']"" I. 40 

I 

~1 .800,OOO 
C J\ I C = 0.OS5 g/d I . 300 I. 00745 I. 044fi 

. 400 I. 00731 I. 2909 

. 500 I. 00717 I. 1;90; 

DODECYLT ltJMETIIY LAM ~ION I U M' CIILOR I DE ( Z3 :l C) 

0 

I 

0. 99754 0.9323 0. 18;; 

I 
.~. 47 

0. 404 . 99703 .9491 . 225 5. (),2 
.508 .9970;; . 95 \.5 . 427 5. Go 
.rm . 9969S . 9546 . 478 ;"), 71 

Disti lled ]-J , O .708 .99687 . 9,88 .54.5 fl. 71 

C.H C=0.570 g/dl . 800 .99678 · 96;H 0.040 .620 8.8 1 0. 156 9, gOO 
I. 0 10 · 996.55 

I 

974-1 . 709 1;;.09 
I. 202 .99636 r 81~ I 

I 

· , 90 16.6(; 
I. 402 .99(;15 ~n74 .95.5 21. 75 

I 
------ .. 

J 
l.On 2.5.09 

.. I. 197 2(i.89 

scstLerecl intensity a t 45 ° to that fit 135°), could be 
m a.de fiS a check on the clefinliness of the soIl! tions . 
The solvents, dis ti ll ed water or solutions of sodium 
chl oride, were easily obtained with no dissymmetry 
by filtering two 01' three times through ultrafine 
hi lted glass or porcelain fil tel'S, Solu tions of increas-

ing concenLra tion were pl'epflrecl by the addition of 
a Imownweight of detergent crystals to clean solvent 
01' solution already in the light-scattering celL After 
t lte detergent crysta ls had dissolved, the solution 
was filterecl a number of times until the dissymmetry 
was I1 t an acceptably low leveL Except for dodeeyl-
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T A BLE 1. Light-sealle1'ing and viscosit y datafoT solutions of dodecylamine hydToehlmide, dodecylt1'imethylammoni1l1n ehloTide, and 
telmdecylt1'imethylammoni1tm chloTide in distilled wateT and in solutions of sodium chloTide- Continucd 

(cp =centipoisc; [71]= intl' insic v iscosity ; 6n/~c= rcfracth-e index incremen t ; C~IIC =criti cal micelle concen t ra t ion ; [Z]= in trinsic dissymmetry) . 

Sol ven t C011contra- D enSity Viscosity [~l COllccn tra- Turbidity dnldc Mice llar 
ti on tion weight 

Oldl alml cp glml Xl0' cm- 1X 105 milo 
0 0. 99825 0. 9329 0 4.81 
0. 360 . 99791 . 94il 0.390 5. 52 
. 400 . 99789 . 9483 . 431 6. 24 

0.02- M · K aCI . 600 . 99774 . 9556 . 478 9. J4 
C:I[C = 0,420 g/d l .800 . 99755 . 9647 0. 040 . 583 15. 4 0. 156 10, 200 

1.000 . 99737 . 9743 . 737 22.8 
1. 200 . 99717 . 9839 .935 30. 9 
1. 400 . 99698 . 9937 1. J39 37.8 

. ------ -----_ ... -------- 1. 249 41. 4 

I 0 0. 999J4 0. 9349 0 4.81 
. 250 . 99882 . 9452 0. 179 5. 43 
. 300 . 998SO . 9466 .323 6. 52 

O.04-JI K aCI . 400 . 99£74 . 9491 . 373 9. 71 
Ci\lC = 0.310 gldl . 600 . 99855 . 9571 0. 035 . 478 17. 1 0.156 11, 000 

· SOO . 99836 . 9653 . 638 27.0 
1. 000 . 998J7 . 9744 . 765 34 . 3 
1. 200 . 99799 . 9831 . 890 41. 2 
1. 400 . 99780 . 9923 1. 084 50. 9 

i 
0 1. 00149 0. 9399 

i 
0 5. 05 

1 

0. 150 1. 00134 . 9459 0. 144 5. 24 
.200 1.00J30 . 9476 . 204 6. 71 
. 400 1.00113 . 9540 . 251 11. 4 

O . IO-~VI;\"aCI · 600 1. 00096 · 9621 0. 035 . 342 20. 3 0.155 16, 400 Ci\IC = O.I90 g/dl . 800 1. 00079 . 9697 . 445 29. 5 
1.000 1. 00062 .9779 . 550 38. 2 

I 

1.200 1. 00045 . 9859 . 738 50.8 

IJ 
I .------ -------- -------- l . 926 62. 9 
\ - ------ .. _----- -------- 1.048 71.1 

T £Tl~AD ECYL1'IU .'J ETI-l YLAM.\fO ~ IUM CHLQrt[O E (230 C) 

0 0. 99754 0. 9323 0 4.81 
0. 100 . 99743 . 9355 0. 044 5. 00 

.200 . 99732 . 9396 . 143 6. 47 
Distilled rr ,0 . 300 . 99721 . 9466 0. 061 . 194 9. 43 0. 157 10. 100 Ci\IC=0.120 g/dl . 400 . 99710 . 9554 . 334 14. 9 

. 600 . 99688 . 9732 . 431 17.8 

.800 . 99666 . 9933 . 513 19. 2 
1.000 . 99644 1. 0121 . 616 20.8 

I 0 0. 99825 0. 9329 0 4.8J 
0. 100 . 99815 .9367 0. 054 5. 14 
. 200 . 99806 . 9406 . 105 10. J 
. 300 . 99797 . 9451 . 166 17. 0 

0.02-.1[ ;\"aC I · 400 . 99787 · 9501 0. 042 . 220 22. 7 0. 157 21,800 
Ci\lC = 0.070 g/dl . 600 . 99769 .9605 . 282 28. 3 

. SOO . 99750 .9712 . 344 32. fi 
1. 000 . 99731 . 9820 . 407 37. 2 

------- -------- -------- . 498 42. 7 
------- -------- -------- . 565 45.2 

0 0. 99914 0. 9349 0 4. 72 
0. 100 . 99904 . 9379 0. 043 5.52 
. 200 . 99894 . 9422 . 095 12.5 
. 300 . 99884 . 9464 . 154 20. 3 

0.04-;1[ ;\"aCI · 400 . 99874 · 9502 0. 040 . 229 29.5 0. 157 22, 200 C:lI C=0.040 g/dl . 600 . 99854 . 9592 .308 38. 3 
· SOO . 99834 . 9687 . 401 47. 1 

1. 000 . 99813 . 9786 . 493 55. 0 
------- ------ -- -------- . 585 63. 3 

1 ------- ------- - _._----- . 680 69.3 

0 1. 00149 0. 9399 0 4. 90 
0. 100 1. 00142 . 9438 0. 054. 9. 76 
. 200 1. 00J33 . 9464. . H2 18.8 
. 300 1. 00 124 . 9509 . 178 28. 7 

0.1O- .1[ ;\"aCl · 400 1. 00115 · 9546 0. 040 . 255 39. 4 0. 157 25, 500 CMC = 0.030 gjdl . 600 1. 00098 . 9616 . 329 50. 6 
.800 1. OOOSO . 9698 . 409 61. 3 

1.000 1. 00062 .9779 . 496 72. 1 
------- -------- -------- . 602 84. 7 
------- -------- -------- . 692 93. 4 

amine hydrochloride in the presence of high con
centrations of sodium chloride, a small dissymmetry, 
generally 1.05 01' less, \\'as obser ved . In the case of 
dodecylamine hydrochloride, the dissymmetries ob
served are caused by the presence of very large 
micellar structures and are of significance. This is 
discussed further in a la tel' section. 

Bccause of the low solubility of dodecylamine 
hydrochloride in salt solutions at 23 ° C, the turbidity 
measuremcnts on it were made at 30° C. All other 
turbidity measurements were made at 23° C. The 
436-mll line of a mercury-arc lamp was used through
out. 
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2.4. Viscosity 

The experimental deLails and necessary corrections 
to be applied to the measured clriux time have been 
described previously [3]. The only change in pro
cedure was the use of smaller pycllometers for the 
density determinations [9]. The measurements on 
the dodecylamine hydrochloride solu tions were made 
at 30° C. All others were made at 23° C. 

3. Results and Discussion 

All of the pertinent experimental data are glven 
in table 1. Typical plots of turbidity and viscosity 
as a function of detergent concentration at variou s 
concentrations of sodium chloride are shown in 
figures 1 and 2. The pronounced effect of the ad
di tion of sodium chloride is evident in both figures. 

In order to evaluate the micellar weight from the 
t urbidity data, and the intrinsic viscosity of the 
micelles from Lhe viscosity data, it is necessary to 
evaluate the critical micelle concentration of the 
detergent in each of the solven ts used . D ebye [5] 
has shown that this can be obtained convenientlv 
from the dependence of the turbidi ty on concentnl
tion (cf. fi g. 1) . The detergen t concen tration at 
which the tUI'b idity begins to increase rapidly 
clearly represents the concentration at which aggre
gation of the individual detergent molecules or ions 
in to micelles is beginning to occur to a significan t 
extent. These concentrations, as obtained from the 
turbidi ty data, have been chosen as the critical 
micelle concentration, and are given in table l. 
The dependence of the criti cal micelle concentration 
of each detergent on the amount of sodium chloride 
present is shown in figure 3. The data reported by 
Corrin and Harkins (dye titration method) [10] for 
dodecylamine hydrochloride at 26 ± 2° C are also 
sho wn. It is seen that the quaternary dodecyl
ammonium chloride has a much larger critical 
mi celle concentl'ation than docs the corr esponding 
primary amine sal t. This is simply another mani
festation of the gr eater degree of ionization of the 
quaternary salt. The addition of two CH2 groups 
to the long hydrocarbon chain of the surface active 
ion, as in tetr aclecyl trimethylammonium chloride, 

80,---,--,--,---,--,---,-, 

>-- 40 
I-

<D 

g; 20 
I-

0~0--L--rO~.4'--L--~0~.8~-~-~1.2~ 
CONC ENTRATION . g/dl 

FIGU RJ': 1. Dependence of the turbidity on the concentmtion of 
dodecyltTimethylammonium chloride in wateT (0 ) and in 
vW'ious sodium chloride solutions. 
~. 0.02 111; • • 0.04 1II; () . 0.10 M . 

increases Lb e hydrophobic nature of the ion and 
resul ts ill a lower critical mi celle concentration. 

The in tri nsic viscosity of the micelles was obtained 
from ploLs of the experimental data according to 
eq (1). 

(1) 

[17] is the intr insic viscosity. Om is the concentra tion 
of micelles in grams per deciliter and is assumed to 
be equal to the total concen tration of detergent 

>-' 
l

V> 
o 

'" V> 

'> 

1. 01 

0.50 

CONCENTRATION . g/dl 

1.00 

FlOUR!,] 2. Dependence of the viscosity on the concentration of 
tetradecyltTimethylammonium chloride in water (0 ) and in 
vaTious sodiwn chloride solutions. 

~. 0.02 jV[; • • 0.04 111; (), 0.10 M . 

0.6,,.------,-------,------ ""11 

~ 
~ 0.5 
z 
Q 
I-
<l 
a:: 
I
z 
W 

'" is 0.3 

'" w 
.J 
.J 
W 

'" ~ 
.J 
<l 

'" r-
et' 

'" O~O-----~~----~Q~2~O----~O~.3~O 

MOLARI TY OF No CI 

FIGURE 3. Dependence of the critical micelle concentmtion of 
dodecyltrimethylammonium chloride ( f) ), dodecylamine hydro
chloride (0) , and letradecyltrimethylammonium chloride (~) 
on the concentration of sodium chloTide in aqlwous solutions. 

• • data of Corrin and Harkins [10] for c10dccylamine hydrochloride at 26° C. 
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mmus the critical mi celle concentration . 1) rel is the 
viscosity of a solution of concentration Om relative 
to the viscosity at the critical micelle concentration 
(i. e., at Om = O). The constant A is related to 
hydrodynamic interaction s in the solution. Thc 
relationship between [11] and a shape fa ctor, K , for 
uspended particles of density cl , is 

(2) 

For spherical particles, K = 2.5. Values of K as a 
function of axial ratio for oblate and prolate sphe
roids of revolution have been calculated by ~lchl , 
Oncley, and Simb [ll] . 

Calculation of the micellar weights from the light
scattering data was done with the simple Deb~-e 
equation 

H (''''=~+2BO 
T A;[ m, (3) 

where 

(4) 

Once again Om is the COllccn trat ion of micelles, 
although this time in grams per milliliter. ill[ is the 
mi cellar weight. B is an interac tion constant; its 
significance in solutions of charged colloidal particles 
has been discussed [12]. T is the turbidit~- du e to 
the presence of micelles. It is the observed tUI'
bidity of a solu tion minus the turbid i ty at the cri tical 
micelle co ncentration. The refractive index of the 
solvent is no. (D.n j D. c) is the refractive-index increment 
of the solutions. A is the vacuum wavelength of 
the light used, 436 m,u. N is Avogadro 's number . 

In the case of dodecylamine hydrochloride at 
sodium chloride concentrations above 0.20 J;[, the 
micelles are large enough to scatter asymmetrically. 
This means tha t the scattered intensi ty observed at 
90 0 is not indicative of the turbidity of the solutions 
and that the micellar weigh t calculated therefrom is 
in error. Because no dissymmetry corrections were 
applied , turbidities for these systems are not given 
in table 1. An estimation of the intrinsic dissym
metry h as been made, and these values are given. 
The micellar weights listed are approxima tions 
calculated from the data as if there were no dis
symmetry effects. 

Plots of the intrinsic viscosity and micellar "'eight 
as a function of sodium chloride concen tra tion for 
each of the detergents investigated are given in 
fi gures 4, 5, and 6. 

Considering both M and [11] over the total range of 
sodium chloride concentrations covered, each of the 
three de tergents investigated shows differen t be
havior. H owever, considering only the dependence 
of [1)] on sodium chloride concentra tion up to about 
0.05 A;[, the three detergents behave similarly, i. e., 
the intrinsic viscosity decreases as sodium chloride 
is added . This is the same behavior as tha t exhibi ted 
by sodium dodecyl sulfate, and reflects the diminution 

250 0.50 

200 0.40 
M ('J l 

~ 

0 
150 0.30 

f-
3: 

a: ('J l 
<l 
...J 100 0.20 ...J 
w 
0 

::. 

50 0 .1 0 

0.30 

MOLARITY OF No CI 

FIGUR E 4 . Dependence oj the micellar weight (0 ) (md 
intrinsic viscosity ( . ) of dodecylamine hydrochloride micelles 
on the concentrat'ion oj sodimn chloride in aqueous solutions. 

~ 

Q 
i 

n 
!" 
u 

20r---,---,---,---,---,---,---,---,---,---, 

10 

0.06 

0.04 

0.02 

0 
0 0.05 

MOLARITY OF Na CI 
0 .10 

FIGU R E 5. Dependence of the micellar weight (0 ) , and 
intrinsic viscosity ( . ) of dodecyltrimethylammonium chloride 
1n1:celles on the concentration oj sodium chloride in aqueous 
solutions. 

~ 

Q 
20 

!" 0.04 

0.02 

o 

o 

o 

0 .05 

MOLARITY OF No CI 

0.10 

FIGURE 6. Dependence oj the micellar weight (0 ) and intrinsic 
viscosity ( . ) oj tetmdecyllrimethylarnmonium chloride micelles 
on the concentration oj sodimn chloride in aqueous solutions. 

118 



of electroviscous effects cfiused by the high degree 
of ionization of the micelles .2 

At a concentration of about 0.05 Jy[ sodium 
chloride, the electroviscollS eO.-ect appears to be 
virtually eliminated. An interes ting result is that 
the e]ectJ'oviscous effect for dodecyJtrimethylam
monium chloride is substantially less than that 
for dodecylamine hydrochloride or tetradecyltri
methylammonium chloride. The inference is that 
the micelles of dodecyltrimethylammonium chloride 
carry a 10\\'e1' charge than the micelles of the other 
t wo detergents. However , no explanation for this 
can be given at this time. 

The minimum value of [7J]' 0.033 to 0.040, obtained 
with all of the cationic detergents is to be compared 
with the value 0.035 obtained with sodium dodecvl 
sulfate. All of these values are consis tent with the 
concept of spherical hydrocarbon micelles haying a 
density of about 0.75 g!ml. According to eq 2, 
[7J ] for such micelles would be about 0.033 . The 
differences amo ng the intrinsic viscosities observed 
may reflect a difl'eren ce in the density of the micelles 
in each case . 

At higher co ncentrations of sodium chloride (up to 
0.1 111) the intrinsic viscosities of the two quaternary 
salts remain constant in spite of the increasing 
micellar lI·eight. This merely serves to emphasize 
that small micelles (those containing about 50 to 
150 detcrgen t molecules), regardless of their pre
cise shape, will of necessity have axial ratios close 
to unity and will behave hydrodynfl.mi cally fl S 

spheres. The growth of the micelles on the addition 
of neutral electrolyte has been interpreted [5] as 
res ulting from fl. redu ction in the work necessary to 
bring together the ionic heads of the detergent 
molecules ",hen fl. micelle is formed. 

With dodecylamine hydrochloride the addition of 
sodium chloride beyond 0.05 M results in rapid 
grow th of the micelles . This is made eviclent not 
only by the micellar weigh t bu t also by the intrinsic 
viscosity, ,,"hich increases greatly . Once fl.gain itis 
evident tha t the light-scattering method is much 
more sensitive for measuring the gro wth of the 
micelles than is the viscosity method , particularly 
up to micellar weights of abOll t 250,000 . The high 
vfl.lues of [7J] that are obtained as l\;[ increases are 
additional evidence for the high asymmetry of large 
micelles. The quantitative correlation between 
micelle dimensions calclila ted from the viscosi ty 
data and from the light-scattering data is poor. For 
example, fl t a sodillm chloride concentration of 
0.3 M , (1)] = 0.45 , and the intrinsic diss.vmmetry is 
close to 1.40. Taking a rodlike micelle as being 
the most likely [13], one calculates from the intrinsic 
dissymmetry [14] a length of aboll t 1177 A. Approxi
mating the rod to fl.n elongated ellipsoid of revolution 
IVhose minor axis is eq ual to the extendecllength of a 

2 For a brief liisC' ussion of the clcclroviscolls effect. see Oolloid SCience, edited 
by n . R. K ru yl, vol. T, p. 348 ( F.lsrdcr Puhlishing Co., New York, N. Y .• 1952). 

clocle(, ylami ne hy drocllloricle molecule , 20 A, one 
calculates [11 J fl length of 720 A from h]. It must be 
mentioned, however, that for this system bo th 
Z fl.nd (7J" cl- 1 )!Om a rc rapidly chfl.nging function s 
of Om as OIll~O. Hence the l)robable elTors in both 
the in trinsi(' dissymmetry, [Z], fl.nd in the intrinsic 
viscosity, [7J ]' are quite la rge ( ± 10 to 15 % would no t 
be ul1l'easonable). In fl.ddilion , with such large 
asymmetri c micelles, one must consider the possi
bility of non-Newtonian flo w. This \\"as not investi
gated. 

The rap i cll~" increasing size of the dodec~"lamin e 
h~'clroc hlol'id e mi celles is probably lhe first step in 
the salting-out process. On standing at 23 ° C, 
visible cr~"stals were observed in ° .5-perce nt solu tions 
of the detergent in a 0.04-M sodium chloride soluLion. 
At 30° C it was poss ibl c to prepare l-percent solutions 
of the detergent in sodium chloride solu tio ns as 
concenlrated as 0.30 .111, but at higher salt concentra
t ions it was insoluble. Th e quate1'l1ary sal ts, being 
inherentl~' more soluble, sbow no sll ch effecls in this 
range of sodium chlorid e eOllce ntrat ions. 

In t he case of Lctraclec\'l trimetbvlammonium 
chlorid e in dislilled waler, l)ecause il has a low 
eri li cal mi celle co ncen tration , it Wfl.S though t that 
it mighL be possible to obse rve cliss.\'mmetries of less 
than ulliLy, as disc ussed b~T Dot~· and SLeiner [14] . 
Such effects should exist, being the result of exLe l'l1 al 
in teri'erence ari si ng from Lhe nonrandom n uctuaLions 
in concentrali on of the hi ghl~" charged micelles. 
Howeve r, diss.,"mmctries of less than lIniL.\" were not 
observed . Apparently, evell in lhi s case, in which 
Lhe shielding clectrol)"Le is unaggregaLed deterge nt 
at its cri li cal mi celle concentration (0.004;3 J1), 
shi eldillg is suffici ently good Lo permit random flu ctu
at ions, aL leas t up to Olll~ l g!dl. 
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