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& TR _",_,v_:"é: : chlamde (DAC} % dmethyldoueclnamomum chlorlde (DHDAC) S
By ol e i o P e TN

and trlmethyldodecylamcnlum chlorlde (TMDAC) have been S g UV

§ % , T I
N 5 g - _: characterl'zed by the methods of analytlc equllibrlum h e g
' ‘i .ultracentnfugat:.on and vanable shear’ v:.sccmetry A thel s
o : : j_”:” preéen:e of -simple Ealt. In solutions‘ r.::f DAG ‘the m:.celles iy

ik 5 : becomé lar.ge and anisotr;:pic '_W‘J..t;'l lJ‘.nc‘reasin'g.cc;n;:;aﬁtration»_:-.:; : |

4

of-lonlly ahout 100 monumars but- grow rapldly w:Lth 1ncre-.351ng

_ _ ’ suffactant coﬂceh;ration until a larger micelle of about
o TR S "‘._’. '. ! ,-|
. ¢ . s 350 mo_norpers is formed The 51ze of the large miCelles ;
E a i 15 exi;.Jiﬁeaml;.r. sén51t1ve to de;lart;_utonatlon anld 1on:Lc stren“gth; : ‘ E
“\( .. -.bu.t' \sﬁows limlted Ecncentra‘lt.ic;n dependem;.:e. Th—el rheologzcal .“; k ;
r . jcﬁaracterlstlcs of solut:.c:ns Qf large m:.ce lles anlude a
gl L ) ..i - “ B . : ¥ - ‘( i o
'~ b _‘._'.; Newton:.an reg:l.on at 10w shear ra’ces followed by an anomalous ¥
3 R R e LT el for
< reglon llr‘l_h‘thh the v1sc051ty 1ncrease§ w1th 1ncrea51ng~—- ; .:_ " “
“ ratf;a c.:u& shhealtr Y hear th:.nm.ng 15' observed at h:l.gh sheaz“' ) ) ... R A
;.*- : - In conﬁrast, K constant aggrex;atlor; number of 100-.1:10

. “ ""'.\‘i':"q"- :
o e T B has been obtalned over: a w:Lde range nof concentrations in

T A solutzons of DHDAC, TMDAC and some’ DAC-'I'MDAC m1xtures
3 Slace M & F at 1on1c strengths as hJ.gh as 0 2 M.‘ The same value is.” . ™
' obta:med 1n solut:l.ons of DAC at :|.can1,c strengths less than 5 .'.:.:._ "
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macroscoPJ.c electnc field which developes 1n t*he cell.. _"jil

Intemed:.ate values are ob-l:.aEalr ed J.ntmixeq DAC 'I'MDAC solut:.ong

: 4 o iy 8 X
4 ..:-' 3 . " R “. : :
il :-. g * ; P

l_ + " ., . ; ‘ I a ‘| h N ¥, :t ‘Jlf-

of the non—:.deal behavior of these solutions J.n the y Yt

centrifuge. 'I'he theor is based on a \detailed descra.pi:ian .,'._‘-':'5;”

of the charge and sal’t ffects, »pair interact].ons and the kY

- . Lo

Theoret:.cal f.'Lt of the data also provmdes an estimate P y

. -7y %

ot
of an effectlvé charge para.meter wl“ich varies with “‘Bmhh__%_

Btrength and head group in the order TMDAC>DMDAC>DAC. -

I \" ’Ill'. o

'\'. b . Sk

Ccmparia:,on of an est:.mated fractlonal su ace charge,. obtained

- i +
1

by makf.mg Henry s correctlon to the. charge parameter, w:.th

Ll

the values obtalned from electro!hemmal measurements on S ""-'- -

solutwns of 1arge, DAC mlcelIes :Lndicates that a crltical '
value, above&vhich large Il'llCEllEB will not forrn, is 0 25 &
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T L, Amphlph:.llc eolute molecules aggregate J.n aqueous golu- -

" i 3 -2 . O

g ad ::'_’,;"‘_tions. to form collo:.dal particlee called m:l.celles when' the .-
T o R ';concentratmn exceede a value known as the crit:.cal m:.celle

e x B :: ' '-.conc'entrat:.onl Z,er CMC Generally, if the amphiph:.le is

‘ o long - cha:m alkyl surfactant conta:.nmg a term:n.nal :Lom.zing

E i e -w by
_head grcup, then cT:l‘fepend:l.ni.;.i on the length of 1l;he hydrophebic = )
i '_'.':tall end the nature @f the hYdIDphlllC head group, the mi-

' 3 .- celles wlll be either small, probably spherlcal ﬁggregates '

‘ ooof 1ess than lq&ymonomers or large, amsotropic a.ggregates
& 5 ‘\\of_ 100 . to 10,000 monomers . 'In ‘the former case the micellar .
2 ct
mass J.s relatlvely J.nsensz.twe to- changes in.donic strength i

-

and surfact_an_t_ ccncentratlon, whlle n.r%})the la__tter_case it 1s

=& '._%:ri'kingly'd,ependent OXOth these par et‘efs‘”“'increasincj
; d

.;alkyl cham length and creasjing he&d group size and degree “

o :‘of ionlzatlon favOurs the formatlon of large mlcelles. e E Y

TR S T . micelles that form in aqueous solutlons of alkyl
Eli'{om.mn salts prov:.de a good example of thJ.s var:.et:.y in m:L- .

éwalar behav.‘l.our. Data cornp:.led by Tanford3 from several
A "sources“ 5 6. shows that. the micellar ‘mass - for a series of
; these surfactants beglns to :anrease as the length of " the:
Ealkyl tail. exceeds about 10 methylene un:.ts. 'I'h:.s grcwth"'_"..h,
: Eﬂ(‘/) is dramatically affected by methylatlon of the ammona.um ’ _

head g’roup, subst:.tutwn of bromide for chloride counterlon _,f:_,

TE
- " and. the add.l.t.'l.on of - s:tmple electrolyte . For example, Kushner5
" e o . N _‘.
' y = ) |‘ 0 s
SRR o e i : S R N
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'-F_i'-'l"‘ b et. al. reported that the we:.gﬁt average aggregata.on

. .number of dodecyl ammonium chlorlde in. aqueous sod:ugn

C e chlor:_de solut:.ons at 30°C, 1ncreases from approx:.mate’ly

100 to 10 000 as the¥salt concentratlon J.sl :anreaaed
_'-;to 0. 3 molg,r, wh:_le that of dodecyl trimethyl ammon— '- Y
. ium chJ.orJ.de :mcreases from approxlmately 40 to 60 over '.,‘

S ;:'the same range«of ‘salt’ concentrat10n5 In the vpresence
e )
of Q. 1 m NaCl at 30°C decyl ammon:.um chlorlde has an

- aggregat;.on number of 78; wh:.l-e' ;n 0.,5I m NaBr at 25-"C;" :

' thOse ,o_f':d_ecyl -ammon i im bromide’ aud, deeyl trimethyl -

'armnonium'bror‘nide are-'llOO' and 4'8 respeEtively4' - Sudh-

.1arge changes in m:l.cellar s:ze, due to what m:.ght ap-'

' pear to be very small changes in surfactant structure, :

-

-have attracted theoretical attentlon for obv:Lous reasons

'./

It is unfortunate then, that the micellar aggregatldh“
a -'numbers as measured by the usual technlques are almost
J.nvarfably subject to some fundamental assumptmns re—-' .
""gardlng the nature of these solutmns These J.nclude the |
. .. .- assu.mptlon that upon extrapolatmg experlmental results

'u "

" tO the . CMC;- one Olq&alns the result corr’espondmg to in= -
finite ld:.lut:.on of the macromo_llegu;e_..,-‘r 1s is stra.ctly

__L'___————vaitd-‘ ] ?’WHEE pre—CMc aggregat:l.on is negl:.g:.ble » and
e

the degree of aggregatlon above the CMC is a s.unple mono=

_ ton:.c functlo_/pf the concentratlon in excess of t?he CMC'-

Othermse, one obtalns‘ the a'ggregatn.c-n ‘numbér of what

mlght cauticmsly be termed the hypothetical equlvalent

' T T . T |
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;&:i; s t mfbelle, whlch would produce the experlmental results, : . o ag
_i_j:5ﬂ1f3é:v:_!‘1n cancentrated solutlon., Mlcelles are. intrlnsxcallyf e ':-? ; v
‘ffﬁ-."l:?.ﬂ' different in thia regard than aay biochemical macromol—. . o™ u:f’- " .
. ';nn ecules, in that their Very exlstence depehﬁe:on'procesees.3_,fa;f ;-f‘ f}.

; which occur ﬁﬁly at flnlte écncentratione}t!ﬂlso, there :. ;:‘;:i:f“,";.i

' : as!te what" valPe of the cMe l.':a'fen'gi' ';:
_'to employ 1n these extrape}atzons,hsineeIirloften varies .jj';yiglig%'“‘llf

w?-with the,property explolred.in 1ts evaluation.jsﬁff;éi':f; $i£ti{Ti;" $

‘i:\j Furthermore,'eﬁeh ertrape%atrons usuelly weight data Ifillietzf;j :}:

obrained in moderately cenrentrated selﬁt;ene because of tﬁ}:-"g;§'1 ;Zi

the exper;mental uncertainty assoc1atee Hlth rork c%ese ;:;f;f:-_:"iﬁ“q_;i'
£o the' CMC.. There are 1nd1catxons,‘however, that mlcel— -"?_l" | ‘i
1ar béﬁ;vxour-le.unusual 1n a range of. concentratldn frer fa'?i :'. .f.

the CMC to about twlce thls value7 The l1ght scetterlng ‘“{ '.,13‘_E'Jt

.plots obtalned by-'Attwood8 for the npnlonld detergent :_f ‘::f ;i;'-::t;ﬁ
heptaoxyethylene glycol,monohexadecyi ether show a pro— ,:J};jff'..‘. %

:: nonnceﬂ curvature which suggests'a blmodal disﬁrlbutlon Hh:a;;ﬁ”;f_f ;;

'ﬁqof mlcelles whereln the larger %éiiéé& dominates at ﬁiéh ;f;;"“:- ,E}
Heonceerratloﬁ Slmzlarly, curved plots,for decyl methyl ; 9 ;' 'ﬁi

Gaﬁ“emmOnlum breﬁ‘ﬂe result rnuaggregation numbers of 2?0 to 6? '{l&;f e

: depending on wh;ch concentratlons the extrapoletlon 15 1:.ased'i ::}“J. é;
;i :th‘_FLnelly, it'zs often neeeesarfhzg.ﬁhke large correc-' " f?n_ %
f tions to the experlrental mlcellar mass on the ba51s-o£a ; ;2??2&?&.} L

crude assumpt;ons concernlng the effect of selvent atmos- T b e LR

phere, polyéisper51ty; shape and_ﬂartlcle interactlons.
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viscoeities which are as much aS'two to three times

LY

larger than the 1ntr1n31c value glven by EJ.nsteln9
for spheres as belng due to qpheszcal mzcelles whichl'
‘are encOmpaesed by a. hydration layer which wxll recon- ;

cile thlB dlfference.; However, it is equally plau51ble

that at least some ofathls difference ie due to aniso~

ﬁ.‘ tropy of the partlcle.xwxif, 1"ffrll:‘rgff'°f:,'¥. .
':yyif;' In a sophlstlcated inveetigatien, Mazer et al 10

a Cow - & ;"

have concluded that sodlum dodecyl sulphate mlcelles are

best represented by a. prolate shape.'

volved comparing the temperature dependence of the 1ight

1

scatterlng 1nten51ty wlth the dlffuslon coefflclent ob-,

N

Thelr anelysis ln—

h talned by the quaexelaetic llght epatterlng technlque. 5

In order Eo proceed ith the analysis, it eae assumed

that the solutlons conteinlng 1arge mlcelles were mono-

t

dlsperse even though the varzance of the diffuslon co--
efflclent suggested the dletrlbution of aggregetion

numhers extends 30% above and below the mean value.;:,

.y
1

Also, in calculating mean aggregetion numhere, it was . -

implloitly assumed that the proportion of sdlvent at—

Y
mosphere to mlcelle cere remalned ccnetent LndependEnt

2T e

'of micelle slze and shape

L4

-actidns. It was estlmated that the latter effect would

L]

E Y

1.._cauee an error of ahout 12% in. the mean particle radlus..

This correepondh to 40% of the volume and hence aggre—'

PreferEntial solvent 1nter--:

actxons were lgnored es wes the effect of partzcle 1nter—

. em,

- .
R

LI
- T

R
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all subseduent calculat:.ons were- based. Stili' tﬁis . _‘ -
work represents one of the most thorough investiga- ' _-. ey ‘.'«‘ t
, o o ' tlons of the effects of" concentratlon, temperature o “
L l ﬁ' end .tonic strength on mz.cellar mess enc‘ serves here A N ,,
_ ';--:':_ “-.-.; as an example of how the determmet:.on of micellar A A
h “",'.-“3.",'. 7 m‘aee 15 xnextricably connected with an understanding ":'f‘ ‘ 2
YR T r'-dodeoyl tr:.methyl amom.lml chlori.de (TMDAC) and some |, P
",_ mxturee of theee surfactantes were investlgated l‘.lsing‘ '
“'1 ' sE . analyt:.c ultrecentnfugetlon and: vanahle shear viscom-’ _~:‘-;-
Q > : ‘, ) il etry SJ.nce J.te development by Svedbergll ultracentri—‘ :
i) ' : fugatlon has become a tw:n.élely used method f.or the J.dent1- 1 ".:.".‘1.
N - ~ | f:.cat:.on and characterization of many macromoleCulet J ‘_ £ .,‘
- ) "' sc.‘l.uteel2 13 Kreltc‘:lw:.lliI .in his’ or1t1ca1 analys:.e *
- : :oflao;ne techniques presently being used tc determ.ne ‘ o f ,\'-f_
',l_fi " ".‘ - “ micellar aggregat:.on nurnbers, hae .endorsed the work of ".‘.‘
T !'Joughtyl5 who usei equ:.librium ultracehtrifugatlon com=
oy , bined with i30p1est:.c dlstlllation to determlne llmltz.ng. i B
3 g Y- aggregation numbers fcr sod;.um dodecy‘l sulfate mlcelles
.‘ - :;. ' wh;c:h are.ccrrected for the effects of preEerent:.al sol-. - :'-"-'-, :
- vent J.nteractions.-, Interp:etation of the effect 1n tems .. “
. - " Of a constant m:.cellar charge resulted in va,lues which e ,
,-' _’, . are in agreement w:.th those o;:tained from the electro-“':;:f;” g ;I
: phoret:l.c mol:n.lj.tylG i nfortunetely, Doughty did not EEREY

1.
.
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‘ : eddz‘ess ‘the, cdnceni:_regl:ion_*depe‘n'denc,e_: of- the m_icelia'-r ) ’f’ _. ik
. T rp;‘:ies_, 'ﬁut‘ d:Ld indiqete tha.ﬁ_-som,e_ e‘i:;iirapdleji-._ed_plldt,s ',w'ére_': . :‘:" 5
b, '_ . P .En:."ved. In'will't;e-ahown,"ﬁbwever;\ 1:.ha1': an.' ;neiy;is of-l 3 .-:,- s 3 -.=
-: the ancentration dependence of equilibrium ;:entrifuga- P i
. % ' tion data can be used ‘tor obtain mcellar parameters eVen f e
Ry ; when the solutionl 1.5‘% extremely non-:.deal. _ 'I'he .appl:l.ca- | £
-...._:.-bllit}" of""vanable shear v1sccmeni'y_ ,.'Ln ese3551ng the .::
. ~{e:}té:.tz.-::onax:I. dlffusmn cloeffic:l.ent and hence Bhape of some-
A : TI 1.31“9e anisotrepic micelles formed by DAC was alao o s

B — :.nvestlgtated ,. » = ?u ' .. ‘
__-,.'“J".}" | ,.‘.. When subjected to‘large centrifugal fields b.:oyant i “, . :"
ALY Pt , N micellar partlcles migrate\toward the top of the centr:..— G . 4 '
I = e fuge cell at a speed giveh by- . :'-'-'_'-“.‘ =
g J.‘-?.'-;-:"”,!F-‘: L e et e IR TN LUNE LN
‘ . i&l';e'i'e."'e'-':is ’the -l;edimentation coefflcient, W' is t.he angu-- ' '
’ . 1ar speed c;fl the roter end r :.s the distance from the .I-h;' ’ '
X : ] , 'ceni‘:er of r_o’l:atlon.l When measured Ilnl :r.deel” dilute, : :

| i g P s incompreSSJ.ble Isolution% Is can be related “to the buoya]nt . |

m 5 maes of the partu:le, M and 1ts fric,tion CDEfflCJ.EI'lt 'f,r _"*-"-'_":,\ $ o

it S T mlﬂ' e, Do e TN gl N St AN o T8 e o
a o R Y AL L AR LR A e . R
‘ Subs;:lltntion of the Emste:.nl8 relation._'f.?r the dlfquJ.On ;"‘3. ' L



. ’ ;; ’ &3 -for the molecular mass of the ?article, r - ' .;r '
e ., . 'Y "s“l-h:t-; '= TR .= BP 5 -'-"‘_‘;Z:: ik, b o " .;'_:.'.l=
- PR " Vi a0 (1'9") I-DV) i oo Tt R Vi
e w‘here R ia the dens:.ty of the solution and v ia the'par-"-‘:“j" E s " K
ik " ' 'tlal a{aecific volume of the miceue; 258 ' .
oot - ' Independeqt detemi'nai_:i';:m of a m;d D by the common .. '-':":'.
non-—eq_uilibrmm methodslg using a. Schll.eren optzcal ‘ % 'T.:_
s&vsierﬁ !v;;s found to be J-.mpract:l.cal 1n the alkyl ammonium : g
chloride solutlon for a variet,y of rea‘sona. : 'I'he buoyanc:y
. factor for these surfactants is small so that, for the |
\’ ;rﬁaller mi.cellea, the Optimum fleld requlred .F.or a sedi- < i &
'i ‘ . mehta’izlﬂoﬁ run was ou'ts.‘!.de the lrange Df the instrument. ; ﬁ-‘ il
: * The largtlzr micei]:és, on the o‘i:her hand, exhibited self—';' M i
\ i ' 'sh‘arpening Schl:.eren peaka charactenstic of 1arge aniso- “
“ ’:}."-::: ' trop:.c part:.cles. ; Th:l.s 1atter feature 13 pnmar:.ly due " ' ..
: "‘ ._: “ ' to a mr}:edly éo;xc;ér;tratzon d;apendent soluti;:in vz_scos:.ty JJ '::
: E,I “’I. and haa been succes‘sﬁully ;ha;lyzed in the case of otherfﬁ.,‘ J
= a anisotropm partz-.cle{] such aa deoxynbonuciezc a.lcids and ( f', I:I__’,.
‘,*, ‘ tcbacco mosaic v:i.rus20 21 ) 'I‘he concent‘ration dependenﬁe r * O
* - of t.he midellar z.r;ass,, however,‘ complacai:et;:the .Jnterpre;';-':‘:_'.,_::_‘-‘_‘-"{:'-.;I-' ,
:' ;_‘:."-' tatmn of this phen mena 1n mieellar solutions.“;-"' ¥ : ‘ﬂ- 1
, 4’ i Evallﬁatmn of ley the ay'nthetic boundary technique . p ‘
& x' Lo ‘mvolves the centrlfugal. .gtapilizatmn of a liquid 11qu1d - !
‘, ; ] ‘ | 1nte.rface be}ﬁj en solult:lbmjl .c;f unequal densu:'y o obtain’::;:,"-;.l'_:..;:{;.'.-.".i-' ! .
‘ ' . :_-’-,’ an 1n1t1al step funct:l.on concentratj.on prof‘:.le 'whn.ch is® *,~
q*- ' ":; mevitably made umfom by d:.ffus:.onal Elux I CIf tl;;ase v ,‘..- "‘_‘,
“-3:':.- ok ."'; are two mj.cellar sc:lutlons of slightly different *‘ B+
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it - - ¥ . e em :-. A
ALy M ! concentratlon then the temporal behaviour of the Schlleren = R,
% A = p ey o W -
s o T pattern will be the s;mple error functxons expected for_“ e
| P F 31' L 0 -_"n = o b i

a solute whose dlffu51on coefficient is intermidiate be—-1:

H

EWeen those of the two solutlcns.. Otherwise,_the Bcltzman-'

Matano prooedure can be used to obtain the concentratlon
R T "t

r‘.
]

dependenpe of D when two solutions oE‘widély difiering

' -concentrations are usedé2

-Attempt& to obta;n data by the {jill“:'"”"

% : 8 :qit”‘ small denalty dlfference and hence sllght centrlthal sta:ﬁ?;ilsj',iiif
: -,‘:"_-_'--":_ . bilization in these runs.-. Reeulta obtained by the latter' & :‘-'
i_:f;?;fgi'; ‘ procedure were- unrellable Que. to the compounded numerical-;;.>f:j;t@;fﬁ
#__,— .’~ , 'e;:r‘:orhj.‘nchrred when evaluqting th; -necessa:‘y inter;:;z;a;.s " ."‘
'; "}:“:f?g'iﬂ : when ﬁ ;arles rapzilf Q}th‘cohcentraticn ana hence radxat’- -:?i:i‘fi%
;f?:if}*;}"i;j ”distahce._ The analyszs could not be-improved by alIowing R-ifﬁ b ;Q
i 'Tafiﬁio the échileren patterns to spread because of the phy51ca1 : ﬁﬁ'gﬁﬁ -
."1imitatlons»1qgcsed by the walls of'the centr;fuge cell.;;f'Tzkg'ukl%{:
..The bulk—of thEldata in the present study was ob- : frl_ﬁizgﬁﬂ'fygg'
'talned ohrinoheoullihrlum experlmehts-uelhg the Archiba1d23 .{:'%ii

b : oc hentscus depletlon24 techniques. In the formerl‘the i.'}L'“:

fact that there is no mass flux through the ends of the

lrQuzd column 1n the antrlfuge celL is applied as a boun_f’

. n

dary cond;t;on at any time after the start of rotatzon.

RO -
Srel . <o

._-. q W 5 .‘_

- measurahle perturbatlon of the solute dlstrlbutlon near

e N 'h F

the boundarles._ In*the 1atter the run 13 allowed to

Y




) ‘;3-: L] ., i—‘ 4 ; b ‘:L ¥ a o f‘ 1 E'. -
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. -t; 3....':-*”..- ; ) yﬁ?-_ . x.‘ e ﬂ‘:'“u ; *
"??' proceed unt11 the inevitable eguilibrium distribution ?
:L of all components 18 established throughout the cell.; i

The ana1391e ie'”fac1litated by choosing a high iptational

speed eo that the cell w;ll become*devoxd of eo}ute at

. ’._- . o

one end. In thia caae, the concentration profile 15 ob- K.

"\' - - q ' -

'5;?-f1-,Theoret1ca1 relationships for the ahalyaie oﬁ

c TR .

.f*equilibrium data have heen derived for.ideal SYatema_?ﬁl"

' conezdered to be the result of an average VelOClty ob-E-
tained by the 1nd1vidual particlee under the Separateu-‘

“

. lnfluence of sedimentation and diffu31on then, ;QJJ}»T;}
' J[r) a c(r) <v(r)> % c(rj(H“ r ‘i&f.d th(rq

,.. i § a,. ,-

o> o i w K
r

:"f“concentration, and average velocity of the solute par-};

.”.,, TR o g ( £ .,
stant and N 1s Ayogadro 5 numher. At either end of the fﬁ

If the "Et fl““ °f a; ComPOnent in. the oehtrifuge cell 15 }{”;”‘

ey where J(r}, c(r) and <v(r)> are the flux per unit area; ‘_fﬂyw:'
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Tl
E
:" '-”.:,-"‘-_.,::‘.:' lEquat.ion 6 is ohtamed by recogm.zing that at equilibrium " A
| & the. gradient of equation 7 muat vanlsh. - J . '_‘ ,! .\
N/ 3_ " :_': - Detex:mmatidn Iof refractive index J.ncrementa ‘all.e;m “. e . _:: ~ ‘ _
”:2. . the right hand s:.de of 'eciquation 6- to‘ he derived fror.u the . -..l’ ‘
‘ ; :’ % Schlieren output to a good degree ofl.{ap\ﬁ%roximation even -* -8

O
v_.. i

-when the diaaolved part:tcle J.a a polyelectrolyte so long

as the refractive mdex increment is due mostly to the'

-rl_' gt

macroion whidh Bhould be the caae for 1ong chain alkyl

amonivm sa.ltszs_‘ In the case of non-—ideal solutic)ns,

-3 ‘ v ‘. ¥ ‘. -|u

”":": :. equation 6 _is used to define the apparent bouyant maas, Ma., & e :
’_ x " “" 'I‘he vaiue cf Ma obtaihed from centrlfugation of mi— T T LR
. ' I cellar .b.olutions v.lrill diapend on many factors inc.l-liudihg
2 = .':-."' d W .’ PaUSJ-dprerBity due to the presence of fi:ee monqmers aa,._-"'-_?j.: 5

: v ;:';“., well as the possibility th‘at'the aggregatés are pblydis-.: .
—h’ perse. Simple subtraction of the CMC frcm the total aur-

factant concentration circumvents errors caused by

paus:.dispersity since the effect of the cen‘.;rifugal

f:.elis 9“ the ‘lqw moleea]_.ar masa monoryrs .'LL- negligible ‘ =
Polydisperalty J.n a- self associating syatem xepresents a.‘ ”":i ".-
mOre funda.mental Iprob.lem srnce. th'e general solution of _“‘ ‘.“ I
“the’ contindit}; eqtiation fcsr thia case has not yet heel;; , .'
dew}eloped For th:.s reason,*data obtamed usmg thef '

)hrchibald technique :I.s usually extrapolated to the t’ll‘DE‘-

TEA at whmh rotatzpn was startéd so& to obtaln parameters

i L3

correspondmg to the origmal distribution.-: ‘I-‘ujita et. b I

..a’ 26 have diacussed thia probIem m relation to dilute

R IR
sy W o e, "
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"j.;f“E'ﬁ“.F i‘;;i;:}. e —11- _ ﬁr.:.;.::“f’.z'bifj"'f::f ) 41-.h,ii y
selutions of po;ysﬁyrene in methylethylketone and T 3::;:f: ]
haVe pointed out that this feature can be mistaken for R
b ar g O O T T _
true thermodynamic non—ideality arising frem particle.iﬁur-:- ”;“%' ‘
y 'Il:: : / .4-"' Ty ‘ L B N TE "-r!
¥ 1nteractions.a In the Bystem atudied heréﬁﬁ?hiqel;evé s
“i mpnomer dynamice are fastzy compared to the relatively " ¥,
long tlme required to perturb the cencehtration during g
an equilibrium experiment ao that the measured valuee ef *.;
Ma were independent of the time at which they were ebtazned {ﬁ'a
Of a more serious impediment are those effects which ’f“
j 27 L s g o M
are the IESU1t40f electric charge on the micelle. _?heil;?]; SR o
equations deBcribing the formation cf ionic speCLes in an fignfzﬂqé,;_LL‘;
aqueous solution of. moncdisperse micelles, P!z, and sup-:F{": g NN .
“"“*s“-_.-‘-...;_' o \ '_-.“;.‘.:- SR
porting electro te, xY, can be written e b STMERRERRLNY 4.5 ¥
i N T s :ft 5y :Y'—ax‘f 3 Y*"'-’ S S R S
™ & &fﬁfiﬂif-: PYz-+Ple+ g + 1zY"' "r”’¢3w'*waf;?"”ﬂ':Jkg"L. Fil
o «‘: 1
where x+ and Y are the coion and couﬁterion respectlvely, S IS ST

:-,z is the number ofLaggregated cationic surfactant monomers ﬁﬂj“fljg”‘*7n

o " . = i Al R T l_.".-'*

-per.micelle, P represepte z surfactant cations and i is ”i}**f.}{”fi',iif

i the charge parameter. Charge effecte arise because of 1573;;:?;1;f1i”39

f;ijsrfl?‘}f}ﬁ‘ﬁ;-‘differential rates df sedlmentation and diffusion ol the o jfk,ﬁf-:xléi'}

i -;‘ ionic spe01es pre;ent; The effect on sedlmentation 13 ﬁfi?%iiifi";f:;

. particularly important 1n thehnicellarfeolutlone stuﬂied be-fzt i -

cauae the buoyant macroxene rise 1n theieentrifugai field,‘::;;hif¥u;tfg?;

- I while‘the ceunterions tend to-einkﬁ, Thus, an eieetric ‘H::gf_';' j. ?"
::jfé‘?;;gff:-j- "‘field dewelops between the top and bottom‘of theugell;gfg';;;; Etfitr
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o , _ the 1nfluenc <Lf this eleotr:.c field J.f the solut:.on 13

‘ to remain elect!‘rically neutral., In the case of diffua:.on,-

\’ :

l ' N on the other ha d, the mz.gratz.on of the macro:.ons is ::."-‘"',_»".*"‘-”.‘ - ‘_‘ \

,; , 1 i actually enhanc}ed by the electrlc: fJ.eld created by the ) '._
u‘ more mobile cour‘terions. 1 x ) ,
b ,: ’_ N It :‘LB well k‘nowu that the addltlon of s:.mple salt w:.ll S
. ”.'?-redtr:ce the magn:L ude of th:.s charge effect. Unfortunately,
“ ! ; jtwo new effects arise 11(. such solutrone. The pr;.mary ;&
5 o , salt effect :Ls u%ually associa,ted w:.th t:onfermational - b
_ strength A secoﬂéary salt effect caused by un.equal mo~.. ' “ '".‘i'
” ‘. '»:f_.' bllltl&ﬁ of the sj}.mple J.ohs J.s usually smallza B . I ol 2
i - _ There have been ‘many theoret:.cal efforts to describ'e X f" ’
iy ¥ ‘ ‘the charge and . salt effeets .since’ the development of cenn‘;' & ¢ ]
h, ‘ trifuqal techniquestl By Considerlng the unequal electro- STy
* i ¢ Phoret;.c mob:.lities of the 1ons“present Pedersen29 wae
" ;‘ 3 able to account fo]r most of the charge effect' :Ln pure > 9 '
" .:.' sed:.mentation..' 'I‘o1 do this, general-‘-%quat:.ons for the s
._-fi : veloclty of each 11311 were solved s:.multaneously sub]et:t k. a" ol
o " to the condltn.on of electroneutrallty.‘ Aceord:.ng tp th:.s 4
,:::::.: analyszs, an electr:.c f:.eld develops :Ln the cell as a, L “ :“:._‘
- (r'eeult of a net ‘dleplecement of the center of positw ; , l %
' ot anc‘i negatlve oherge essoc:.eted with polar:.zats.on between 1
p- the sedlmenting I;.n‘terfaoe and the celL bottorn.__ In essence , .f =
: the electric field ie assumed to Vary J.nvereely wlth LT ;‘
BN P
N e G P e e
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law to the case’ cf two concentric infin;te cylindrlpal .;‘é - Ji?i f:"sg
tubes between which there is an‘electric pctential ”Iie_;;{fif;{; ﬁff é?
dxfference30 _yﬁ?"¥;£‘if{ff=t£_?s' :h::;Tbiitg};femini'f::“f:?;‘:faig-hz;L
1“ Beeldes the cdndltlcn cf electrcneutnality, all 'f' | :?:
publxehed analyebe that explicltly recognize the pre—t“" 1 .
sence of an electric field 1mdﬂ1citly assumé thet edge -;
effectsththe finite centrifuge cell are.‘qbligible.l'ln o ;?
practice, th;s aseumption-m;ght be expected to be valid _ i ﬂ‘f
L.__'"'ee long as no convectlon :e detected in the cell Although _‘L:fif:ff.;-?
there was ne 1ndtcetlon ~of: convection 1n the expetiments e J'E; F
descrlbed here: it May.he that the unutual patterns~.' {fﬁ;g:??ﬂfﬁ{'_ LIi
obtalned by Anacker et al 31 fcr soldtlone ccntaining DAC*-Qé:ﬁz;ﬁlthiﬁ .
.Tiﬂ could be a: result ct convectlcn dceuto thls effect.‘;;:f.q:jiqg:j;L;‘ "

;. ! - o e ._-.-.- Lt

Alexandrowicz and Daniel32 33 reanalyeed the effect e ULl

cf charge en aedlmentatlcn and extended the analyels to xl“-klx'ifcty?cil

o1
'

e LI
CE R

W L ; 4 g : Y T :

: . lw_m;zug.». 1nclude the case of pure dlffusion by wrltlng equatlcne LR =, A
f};f‘fi“3d}:ﬂ fcr the velccity of each ionic spedles in terms of the ;:st;fjj:*:ﬂl=f

. -_'_'_': . :-_l‘-_- [ '-, . “_':, . i ::'.-._' ;..': . :‘

. \;ﬁ”jH}' vzrtual velccltles whlch wodld be obtalned under the 1“'”1?“7,15'%' 3

‘:{tT':;:“J ‘21: fluence of ]ust cne cf the forces actlng cn the klnetlc ,f”ﬁ}f“.;;?’f'"‘

"l‘b" ) '}:.v . " < n"."
=3]:3§§f2:.:‘” partlclee.; In the caee of eedlmentatlon theee were the j}haﬁ

M, e

bouyant force due to the centrlfugal fleld and an electrc--“"“"

. '?; phcéic fctce.due to the electrxc fleld The latter waa;l'...f
." Bl A

expressed ln terms of an effectxve charge on the ionlc

.

specees rather than the electrcpheretlc mobillty der1Ved
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. i B the :::als;e= oE pure\.diffusion the baleyant force wae replaced w -4 "
Ay O by a’ chamcal force due to the gradrent of the: chem:.cal PR
P W _'_, potent1a1 By assumlng a pseudo-ideal descr:.ptj_m, of SR

L ST O : ionic activity they were able to derive rather complicated .- e
L S -’:e " 2 . ‘, 5 an t" v

* A expreae:l.ons for the appa.rent véf‘iues of 8 and D of the macro—- *'::'.

’ g ¥ r molecule in terms‘ or the houyant maes, charge, concentra— Mt

.el'-'._..l .“‘ v w_ﬂ_tj_:bn and frlctional co.effi;ienta of the ionic speciea

‘. %g’r_e‘eent.;l: ; . o ) \'-"-. A :‘- - ,
3 'I'he problem of s:.multaheous eedmentation and dlffus:Lcn A :1‘:

.:-': “ h‘ae been investigatedﬂuglng the methods-of 1rrevers:|_b1e \ : 2
5% T s 'thermodynam:.cs by Mljnlleff34 :-: and later by -t L ‘-
, Varoqu:. and Schm}.tt35 More recently EJ.laemb(-:'rgA28 has used " ‘ N
bai g 1rrever51ble thermodynamms to vern.lfy h:Ls reformulatl,on ,, ’{ ‘
5 .':1: of the Alexandrowicz-Dam.el calculation where.m the. buoyeht :
‘ 3 “-;Ec;rces o‘nl_ the‘ :ton:.c species 'werre replaced by. those act:l.ng' j :
| ~ B N oh the electroneutral componente only ﬁ -
: . These theor:.e‘s edequately ccount for the charge and " )
' [ ’ salt 'effelct caused by the electrlc fJ.eld which develops in ‘,-r
the centrifugal ceil dur:.ng non—equilxbrium experrmehte
J.nvolvrng electrolytes._ In most ceses, thelr usefulnes.;.‘.“'. . "JZ . ,
has been in choosa.ng experme,ntal condltlons nhder Wth‘l:l ;
these effects would be <negl:|.g1ble for the lsystem m ques:-‘»-"'”"- :
.tlon;, As a result.aﬁoondldeallty due to partlcle inter ‘ —
actlons ohich .would be expected when cherge and shlt ef- : ,
fects ar~e apprecihble has been omltted Also, as has , L "
been pointed out by Es.senbergza there hae been ccnfus:.onl _ ,
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the macromolecule deriv.ed from othei' transpor.:t experiments i
. ¥ ‘ or 'the Donrian equllibrium experiment‘ with the charge para—w ";
‘ % = = melter requ:.red 1npthese theor;;.es.. More' 1ﬁportantly,' nol 4 ot K
..: ’ N attempt has been made- to .appl;the' results of these theo-—-- i {
" ,' nes to the case of equilibriu;n centrifugation._.. el £ N *
I e ’An analys:.s of equiiibra.mn centrifugation :m a ‘system u
described by equat:.on 8 which :.ncludes the effects of non-.'.fll..:., S
ideali;ty has been developed from a: macroscopic thermody- -:‘ b
bna:;ic approaoh by I.::u:rlmz"‘i A simplified form of Lamm s ._ Iy
equation J.B obtameﬁ t:y substituting the chemical activ:.ty ‘?- « ';_,
of the electroneutral macrooo_lecular coinponent :Ln equation 7 ‘* .
followed by the arpplicatlo;'x of the equillhriu:t_:"condi,tion % b L
o, aive"‘* Shir i ER T A o) SR AR A o el
' E"'; 5 MPszr = RT a ln ‘apY /dr >y '_ /
i S
" 3 " 4 '(-10) ‘ i "
: -v;rhere P"Yz :.s l‘the =) scale activ:.ty coefficient and the. , *-"
e ' subsorigts J? and Y indicate the (l-i)z valent cation ;_-'._: ) 1
T?p' ) -w and the univalent ani:.m respectively "‘Solving equatio ‘7._, 7




vi : esults :|.n Lamm s equat:l.on, 4 . o
J o S e R R B N T . (12) "
7 o " RT: dlh:gn a a _%"MPY _1zMXch/(c + cY] ;1;_‘L“.7;M e
g n. - ar S o ded z- — e
. . g b TEYET 3 AR ]n——"“_/"_f = T
'(__.‘ } P YPY % “tizr "P" u:x S,
‘ ' ThJ.s lequat:.on clearly :sllustrates the effec,;t of 5 . £ '
gl | e {.a non—ideallty as well as charqe on the measured molecular "h'i_i.{
“ 4 ( ’ .- mase of a mlcellar pa:r_t:.cle obtalne : . e 'l.llﬁllbrl'l.!l'a - ‘ q’
g o N centr.:l.fugatz.on experlment ' In dilute solutzon,s,l where ] .-:_
° ' a ii In T/d ln c > 0, in. the absence of s:.mple electrolyte, Ma = '
.-.'I. w:l.ll be only 1/{1 + 1-z) qf MPY - wh:.le, 'evel'x “in the presence%
> } of s:.mple electrolyte, extz:apolatlon i _of Ma valuea “to
b B inf:.nite dllution w:.ll result in' an underestlmat:.on of the "J: “'-.i’_
v ,.‘:"‘ ,'.t'-“ £ x true mass by J.ZMXY}Q._. It. i ‘convenlent to J,dentify the ,_~
) . 4‘;-3" terms in’ ‘the rlght hahd s-ide of equatn.on 12 withﬁ-the var-:'""'
;:_-” S '_ J.ous effects. Hence, the second tem in the nu.rnerator is iy ‘I ‘j‘:’
'i"'; A the salt term, the second term J.n the -denomlnator is the _-“"
& .:‘ " ., ! . no,n-:.deal:.ty term and the thxrd u.s the charge terrh. Pl 3.
: ‘ '._1' Sev;ral electrochemloal techmques have developed‘smce
the or:.g:.nal treatment by Maxwell 7 of the problems ar:.smg -
-: when tﬁe paaaage of an eleotr:.c current J.s assoc:.ated w:.th,
the transfer of relat:.vely mass:.ve partlcles oF - 1ons. These P :
) : 1nc1ude those wh:.ch ;easure the response of charged part:.cles g :"I,-,,.
to an appl:.ed eleﬂqtr-n.lc- -fleld as: ,well ah some th.ch record £ W Yo &
the electn_c field spontaheously ar1smg .i.n a’ system throﬁgh-‘ gy g
, : :-'.l':l'. i out wh:.ch the centr:l.fugal pgtent:.al varIes.- In his egirly “‘“ ’.
) E - ;"'3 E work, To‘lman33 was able to calculate trans.ference numbers “' i f
:';,.:}r P '.-' . - ___ s i ; ‘ P A 3 < :
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1{11_1n the rotating tube Tolman suggested that _hls electric -

.'E‘i“iipotential difference would eventually vanzsh as ':e inev;- Qu.ﬁ_»

fiﬂtahle equilibrium distrzbution of the charged epeciee wae

! LI
E .. n . . B W .

:if§i1ieetablished The fact that a term due to the electric '135{35-'3

;54- nfleld 15 not explxcitly lncluded in Lamm 8 equation may

£ v

have served to perpetuate this view. It.will be shown ---V.

'“'Ln the theory sectlon, however, that a’ microscoplc ana1y31§

1f s;m;lir in eome reapects to ohat of Alexandrowicz and "qrf- Ly C

¢ Py . ; P

Daniel which both expllcltly incorporates a viftual veloclty

-“} ; ] due to the electrlc fleld and also 1nc1udes the effecte of . 1"

£ non 1deality by recognlzlng the influence of partzcle i s
3 e " X ke Y
1nteractzone on the average velocity of the charged macro~ _' :

'.;ii}. molecule results 1n an,equation for oentrifugal equillbrium )

‘;:EQ analogoua 1n orm to Lamm s. The assumptxon embraced by Lg i, B

Y PR |

T ff adoptlng the electroneutrality condltlon 13 con31dered as. ;ﬂ;‘?;ﬂ

F ;-...‘

j" 13 the relationshlp between the oentrlfugal and electr;c-'

f1e1d strengths. The latter suggests thatmeasurement of

J é the electrlc fleld during centrifugatlon would provade use— N

ful lhformatxon concernlng tha charged sp¢c:es.. Further— ._-‘? N e
<7' more, the charge parameter of the macrolon w111 be gaven a ?{1;;-3-."
2‘,ﬂ'- preclse klnetic defznxtlon Wthh allows for comparison w1th & £,

that obtalned from other techniques.; The equation haa the -
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added -henefit of é; so_und theoretical '.basis on which to

c'elculate' the magnitude of the’ non_-idedlit'y term in '

il o centrifugatj.on expenments.. y O " | :
::*:.j . . ~In order to complete the centrlfugal analysis, '1t c s ‘
ot % ‘:: s 1 was necessary to evaluate the partial spec:.flc volume, ‘- " . ¢ -
5 s : and hence buo!{ancy fa'ctor, of the.surfactants used as \'.‘ ‘ o . L
. -,:‘-'."-__ . well as the specif::.c refractive index increment for uae Ny B :‘..-.,_ A y
\ : ‘ ‘ 1n t.he interpretatz.on of Schlleren patterns.' hlao. t.he ..) : iy
g CHC of DMDAC at various ionic st.rengths w-es establ:.shed-'-‘_:::::f_':"»_' '._‘:.“::__.._‘-:‘,_.: ;)
‘-M'.;'-:" us;i.ng the sur’face tension method. £ 'I'h:l.s data seppler-nents. ,. -}-: : o
: *. llterature values avallable fox: DAC and TMDAC39 e TR i o '-";'-;.
X o The.large mlcelles that form :.n'solutmn of Dhc at ’
; = " : relatively 1ow ibnlc strength were 1nvestlgat.ed by ‘ o .
;:’-,‘- e 273 measuring the shear dependence df the solutlon v:.scos:.ty: g |
' ‘,.‘ ' 'I'he mtrJ.nslc v:.scosity, or shape factor, of a sglute in - 5 k
 » : " olution is defmed by, - ; ' ) " ; . TS =
¥ T _': v E nsp/¢ l. a0 e & 3
- % where‘  is the volume fractlon o,i the hydrodyna:n:.c solute |
. _'; J X : part:.cles and ngp is- the speeiflc v;scos;ty given .:t:n terms "
"f" h' - Qf" the solution viscos:.ty,l n,. and the solvent v.l.scosny, oy & . i
L ._‘- _'.".'."f“e-' by‘w o _ 1. A = | " .. .
] T = e, TN - T I AT
- When measured .‘..n solutions of non—znteractlng;, rlgld par-— A B
* "-}_'- it :- . t:.cles, and at low ratea of shear, v is related td\ the - : ' , ,_J ’
. " 2 .'shape of the solute part:.c:les4l wh:.le its non-—ﬂewtoman 7 . "

;._",_ 4 . L 1 T
= 1 PO dependence on the shear rate is related to both the .size -~ 1 - 7 .
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-fﬂ;ﬁipué?ﬁlf soidal shapes. Hhen the present work was undertaken,_it f{f?
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and shape of the particle via the rotational diffuaion
. K} .
. doefficient .;42 43, 44 Normally, v cannot be calculated e A

\/1 from experxmental results withOut assuming & relationship R

al between $ and the solute concentration, c, which corrects ‘: -1

for the pOBSlbllltY that the shear surface surrounding the ,
particle may encompasa aolvent molecules which are car-[._l'
'n';;?ﬁ‘ ried albng with the particle. For thie reason, it 13 ¥
.':-?;‘-ueually the reduced speciflc viscosity, nsp/c, which is

reported._hzzﬁﬁﬂ*ﬁffﬁ ?”ff‘il’f'iiﬁfn;-'ii 'n‘}:‘[ﬁjjj;rf*

'rhe reduced specif.:.c viscos;ty meaaureﬁ-at low rates

of shear has often been used to characterize qicellar

'solutions in which the electroviscous effect45 has been.f“

»

;1 reduced by the addition of s;mple salt. In:partrcular, SRY e

- L

M : KUShners has measured the low shear ViBCOSltY of DAC - ;'»Ffi.f. 3 ;

.’.

e solutlona containing various amounts of salt and has, L ‘:4{'

found that the reduced specific viscosity increases with
increaaing ionic strength. These resulta have been inter—'. AL
preted by St:l.gter46 in terms of a.- theory47 for flexlble ?1.%:}:i
‘ ﬁlﬁfJZ.f rod-like micelles while Tanford3 has suggested that the ?L?ﬁ;'b
y same data concurs Wlth the growth of rigid, ohlate ellip- 1=';ﬂ;€?x7
f,pjﬁ";’ soidal micelles. Intereatlngly, Stigter begins his earlier .g-éi;:%:

. }'f_ argument by polnting out the lack of agreement between

the experimental vxsc051ty and the theoretically predicted

-~values which are hased on either prolate or oblate ellip—‘i‘f°

L]

[ = e

is“ijj“'a:‘°. was hcped that the question of the shape of large DAC S
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‘micelles could be rg‘solvéd by cbserving the shpaf.

1 dependencé ‘of _tii_e reduced specific viscv.asity sinte this '
n should be' quite- different for the different model shapes = = "' = 1
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Toem oo 8 - g * Q H
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. e - B M o - § L S S S T N )
8. TR _ 2%
. ‘ “ s ” . . :t - . .' .“
o o ’ " THEORY . ,,.'- - &y W
" 3 4% If the average veloc:ity of a. mlcellar part:Lcle in ' .
';' 'the centr:.fuge ie approxlmated by a lJ.near comblnatmn
:.of hypothet:.cal veloclties due to centrifugal, stochas— _"' g
% v tJ.c, and electrephoretic vélocities wr:.tt.en explm:.tly _._‘- ) i
Y :-‘_._"'.'j-‘::'.‘-j'll"as forcee dlvided b;(”flnnctlons where the elec:tr.{c ferce . ’_’_.-_.‘__' RS KT
7-_.;:- ' - ':}arz,ses because ef l;ot-ﬁ perticle mteractlons and also .-: :_l{-. 1 -
, the presenee of a macroscopec electrlc fleld_"then the~ "
’ rradlal fluxl ef‘ ehese part;.cle-s -:.s"gﬂi;en‘by,,ll R R b o 5
’ ";:-.:r-.=" cw,- o C(Muﬂr };;e_ a 1n e f+ f E) (15) ;;;_ - *
‘ . j';'where N- is Avogadro s constant 1}: is Boltzman s constant, T A T
“: 'F J.s the force due to particle interactions E J.s the =T i

'-macroscopxc electrlc fi¢31d, Q J.s the effective ionic c’harge , 4 §

L ‘ " on the micelle, and the brackets md::cate a confignratlonal 1 . a
-‘average °f the' q“"“tities eneiesed = In an :.mPOrf.antHPaPer :-' o

) r : on the diffus:we transport of charged macromo}.ecules, Anderson :
: * -;-2 and F&eed&48 have clearly establlshed that separate averaglng L
‘ | .'.“Of the lnterpartlcle f'~?::¢::.e and the Er:..ct:.enal coeffic:.ent ‘ ‘ T ‘

constitutes a substantial theoretical error since these ; ,

- forces are usually appreczabl.e at small J.nterpartz.cle dJ.a---"“.".“" o -

o 5o T tances fer wh:l.ch the average bulk fr:.cm.onal ceeff:.c:.ent :.s"', ¢ B , '_"‘
v '-': N e ¥ 5 ' !
iy B - poor approxmatat:.on to a more I'eElllSth analys;e of the e

L e v e LA T . " l" - '-_’.l'\'- ;. ” "'
B f'-'hydrodynamlc lnteractmns whmh would eccur.- Therefo::e, . ey

el A follew:.ng theu general aPProach, if the forces 1n equatxon 15

L oaw o o ] . X i,
‘..'.\_.- ..‘_. ...__ -..‘_. . t:_ .I- ':w".._ . i LR
ool i are assumed to be uncurrelated, extractlon of a factor

o
. o= GG O ol P - A
[T P PRSI = 0 P TSP Y SR S LS L



: . : . -represem-;:.ng a eonflgura;;.oﬁal average J.nverae fr:.ct:.onal &
:: | ,: _ . coeff:.c:.ent qives, iy C e oy b ‘:,rv .'.
_i:;f“ ' | J ;:<f_1> [ Mw ) - k"BT d é.r; c-‘ +(%)_1(Ef-)+ QE] I. (16)'? ‘ ; : : k '
P I By cona:l.derlng binary :.nteract:.ons of apherical parti— _"I_‘ J * . \
¢ \\ i J ‘s cles, Anderson and Reed have derived a. relationshfl?p between -:;. f
: =5 the third term J.n equat:.on 15 and the macmscopic concentr-a- D
.:_‘:‘_‘ ‘ : . tlon grad:l.ent 1ncluded 1.n the second term which should be
A e L 1 * 3(1 < A)¢ ff‘- iy -Z:-_
' uik .1,;-: : . ‘JI-_:; D% . 1_371;;» e ':::':," . -‘ ;._:._ :-",:'.-=:, - flﬂ) £,
',':"'.. ﬁ” ] where @ is’ the hydrodynamic volume fract':l.on of the .
R 1 & ':. solute, and I and Ar,can be calculated fre;n the intelraction
s 3 ene,rgy, IW,' and hyérodynam:.c parameters, Y and K, v:.a the i
‘ ' ” follow:.ng(_ equations, “ 1 *
H.;-‘a- &5 T I=-{k 'r) (1"('23 dm"‘)‘ _- exp— (W(p)/k T)dp (19) -‘-E"':
S (1+p) k(p)exp- (W(p)/k T) dp
P In théee e’quations p is the reduced inte::particle Separa > Ej“‘:'-
- tJ.cm ga.‘ven in terms of‘ the center ‘f-o center d:r.stance, r, «- -
» ! and the partJ.cle ;'adlus, _a., by, S S L B ‘,,
%, "‘D 3 r/ 2a -. 1 I




L . 4 G R e e v o i i » Y 5 e i
r S e l.,. E :; e i . . 4 . - e, - b > - i
‘-::._. .l" N . y 3 u'“_v '-:'-: 1 H . l:.—:-\v - .;- 0 N > "‘.’.: .a'_---::..\..:'.‘.-.“..';u:.:;—ﬂ-‘fu;i —1‘---,
l ) ’:' "'l “. i x S ".. ) :;"- Y . : ’u“"' S ¥
T . o i J = b o -; o ' ¥ 0 o
- . v, [ TR N o o g .‘ —— i (L, B U .
, o 1.'_ % L] -:: ! Y T e i '..‘ W ‘ o i i JEE . ¥ . e = ‘ .
‘“:' . i - o R e o -(.:.‘ - L ' gk -.. b . Tk ' =L . = e AT
A T G O ’- —23--"' 7 ot TR RS LR B T
e - VLS TR, .,_" N A~ g . 0 L SR T 8 ) R s s Rt S
Ve ol N The funct:'..on T (p) ar:.ses from cons:.deratxon of the problem AT & 2]
A T ™ of two equ:.valent spheres"‘translatlng either toward or e Jhegisles,
S DT S away from each other at equal speeds solved by Rushton and L s P

-z . Dav1es49 il I-'or numer:.cal purposes s?ap'proxn.mated by, v _; T T

o =1k bp c (22) PO Rl .

L Qi
LA S

-

b = 0 2?15

for L 013 <p< 2 3._}- "

h 0 5510

-

g 'h o,.5933

for -2 3 <p<u

q' 93;9
The funct:.on K(p) is é more complicated reault assoclated :‘.»;-I“ e b -

.t—.

_- ‘u.—‘_

w:.th the response of a Brownian partic:le to fluctuating

-

; solvent forces 1n the presence of neighbcrinq part:{.clea. _'5;-. 2

; 50,

A fomal:.sm developed by Batchelor a.llows Ktp) to be

4. e L ; B
SO der:.ved from hydrodynamlc calculetions ;.n thé 11terature~
A Sl F:.gure 4 of reference 48 conta.ms the necessary data for .
. l} .".:' .r‘:_'._'.i“" -.:‘ . a 'r'. ‘ '_-' ) L e .: bt 2o :....i_.' " ."'
gl L T nurnerj,cal work / i)
Lo T
T 5 '{. where it has been assu.med that D/D ,-,"for the univalent specxes y e
i 5 U G, ..- .,‘_' ; e .‘. et T L ey o e = :.' ; ) .
h ‘ i LR is unity. These equations s:.mpl:l.fy at centr;.ﬁugal equ:.llbr:l.um, AP
i
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and w0u1d~ result in mc:o,:e hor 1esa Iindependent radial digtrl ,, B
b“ti°"3 °f _P'l'_ﬁi- )z _,?{“'and x7 Reeogr:itmn of the fact a"u
that elect::ll-c“ forces-. between J.qns- a';:e Igenerally rt.tuc:h stronger‘ W 5
than thelzj:entnfugal) force aiaplied even J.n the ultracentr:.fuge : !
vleeds to t_he ad-optlon of t‘.he electroneutrality Cond:l.tmn _.m ’ =i_,-_:.
.-?f : ::Eff o (26) :
It follows from equat:.on 25 t:hat :.n tm.s case the e.lec:tric - e o
field, E = dq;/dr, will vax:y w1th r 1 between the ends of the‘ “ ¥
1iquid cclumn consistent w:Lth the presence of equal but , ' .
oppoelte polar:.zatmn‘ charges at ‘thesel ﬂserfacea. : .:-;-‘ Y
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e '.‘-' & ' £, . NE (-chpHp D*,AD + Cg Mgucxﬂx}[{cE_cY) T ey e A )
R ,"'- ' '2'1; e D/D* 4+ (iz)* CP/ (cx+cyi {23) i e e _
B 1 e ik Spbst:.tution obf equat:.on 28 J.n 24a leads to an expres-‘*- A T AT
: : "','-'. sion for the apparent bunyant molecular mass of the B

! . .I-'I;_I‘!‘I'. _ II.";_"Li . I‘- -'.:-: :':'é-'-"'l'..' B gt 5
Ha = fip, +. dzioyly-ciy) /loxey)
D/D* i (iz) 2cP/(Cx+°Y)

5 M; 3 Zw‘ 12“xycx/ (cx-!-cﬁ ‘ (32) ‘

, & /D* + hz) "CP/ ‘cx ) .i-_: '-, e g ';',s::'-' ;-.!'.', N

b It should be noted that D/D* obtalned Ln thié analy— ‘: ” '
519 3 nOt 91ven by'the concentration dependence of the ‘
aCthtY caefflcien}i*: _q‘f-_:the macromole‘cﬁlefl a‘slglven by : ;“_;-:_ B
class:l.cal theory,lB-- -j:'l.--: b TE F% J - X
D/D* i+’ Jny)d e . ettt «-t33) ‘ gl
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. W L where g ie the rad1a1 dlstr:.but:.on funct:l.cm. 'I-htegratiheh'f l. et

-4 3 = " E; +

of equatlon 34 will clearly glve d:.fferent results than o 9_ e

b B ) thoee obta:l.ned ua equaticm 18., Some of the 1J.m1ting B _.
L " relatmnsh:.ps concerm.ng thJ.e matter‘are discussed in L cee i_;."
‘ :- Andereon and Reed 3. paper. A ‘ f 5 . ) 0
% Hence, Lamm s. cho:.ce of'::"_'.:lectroneutral species as i ,
E il e thermodynam:.c components and the subse;;uent adoption v
; TR ' of the electroneutrality condltion are, in the 5tricteet ' | ~ '
:'.', P ,-“»-_- sense, redundant and ‘Lln general, nei‘ther can be assumed &
N ] N = rigorous J.n the analys:.s of the centrifuglal equillbrlum. ‘-:;_'
',‘: ¥ The fact that the electr:.c f:Leld strength 15 not expli-' ' i
I IS 1k "_j.‘j'. E‘., citly included in La.t:un s equatlon does ;zof J.nd:l.cate that )
' ” | J.t vamshes at equ:.librlum but only that J.t var:l.es as. . ‘
? 1 between the top and bottom of : the 11qu1d column. "y ; ’ P
i } The suggestlon by Cassassa and Elsenbergsz that the %~
I , TAte electrlc fleld lB 1nconsequent-:1a1" 13 fortuxtously i
- . accurate :Ln as muchdas the general fom of*Lamm 5 equatu‘:;h. s
5 , includes the major ’eff;ces tlue ,to the existence af thJ.s i ; .
& RS -‘. field as. can ‘be. seen from a’ c:ompar:.sen cf equation 32 _, ;
o ,‘ with equat:.ci’n 12 80" long as “the non-ldealxty tem J.s ‘ _: i

A calculated gorrectly To ccmplete this argume.nt; ' can- -'

o sider the fom Q:E equation 24 .i.f we were to lnsist that "
the electric field vanlsh 4 From equation 24a,- i R
"t ’ .- 1. -" e A ¢ o "‘:_ -'..'. .'..I-. ¥ l':-_‘__'. r '+ -I e '?
| ® 0 ) . - ‘tas) _..l:' . o
p ".' :'--‘;: .:‘ '1' i ] r- :“
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i f b S clearly in dlsagreemen‘t with equatlon 12.. 8 e R T L Y

I -, Finally, evaluation of the. magnitude of the electric i’ e Tp 7

il : field by introducing typical parameter values into ,' - ' ‘ 4

s T T A equation 28 suggesta the plausability of developing . ) ) "

* ik Sy an analytical technique baaed on ita meaaurement.. Antici— s

At e ‘:‘r‘;_,f: R . pating aome resulta ffor the alkyl an'mmnlum chloride o ‘

B Ty W, o T i

mlcelles suggeats mtroducing 0 5. 100 and 2000 g mol

.,

for J.,,z, and M respectively_ Iwhlle, typ:l.c:al run condi—

.--" i, KL

t:.,ons g:wen zc =0

e LRI T _ 15 dynes esu 1 and the theoret:.cally measurahle o RN
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‘l. ', ) o :,‘ " o - ‘j t:.‘- 3 8y .|. ; 1, . y ate ::‘_ _:‘_ -4 3 " 1.‘-‘.\ 8 .‘ ‘,

z il o y 1.,. 1 g ' - =, “.(". - : \ o 3 ' ; 3 g o= 5' 5

"»‘ P r ‘ " re .-- ,- :3._‘: -,‘:_9 d nG ". :’-_ ‘\ 40 y : EXPERIHENTAL 2 '-'.' '.:. ¢ .:_'.‘ CRN
TR e ’E.E?_Ei_ali- ' Dodecylamommn chlamde, DAC, (Bastman bo. ok ‘
L L P Kodak) was recrystallzed twice hy addltmn o;f 500 ml Yool g &, Y
g o . o £ ] ;’ .'-l ¥ _:.,, N - .-_c-'.’
ey b R B o diethyl ether to 100 ml of warm ethanolllsolution con-- g o o

taming 30 g c:f the surfactant followed by cooLing.

Dimethyldddecylamﬂ:nim chldnde, DMDAC, prepared

',-‘Dl‘. P. GOldlng- ‘

‘I‘HDAC, (Eastman Kodak) was recrystal:(.zed tw:.ce fr.om

y;

.",.warm, freghly azeotrdped benzene by addition of small

portions of petroleu.m ether followed by cm::llng. B 11

e .‘,-: . -“ I surfactants were stored over anhydrous ;111ca gel :I.n' ;'.::_'- , ,‘ 4
. ' .. .. a vacuum des:.cctator.. Sod:l.um‘ ‘chlor:.de (Pisher, certlfled ‘ -..' H
o J & ‘v ACS): potass;u:r[ chlonde- (BDHP cartif::.ed ACS),-sodJ. 2 I | .

' ~ hydroxlaa (Fisher, cert1fied ACS) an& ﬁ;_.rdrochlor:_-c' ac:._a
. _ (in'achemia, Standard VQlu:m;et.r_lc s::lutmn] were used) &
\ : —-* w1thout furtherll-:ru.rl flcatlon.__' Df. B, Golding also sup-
: L plied a purJ.fJ_ed ;sa:mple of aucrose._‘l Splutlcons WEre made

us:.ng douhly dlﬁtllled water._ The. second"dz.stillation _;’.

bemg from a Barnstead Water St;ll equipped with_ al :

S

.
t;.'

boros:.llcate condenSer. '




”Su‘rf.ace‘ Tension Measurements and CMC s- 'l‘he quuil:l.brium

aurface tensloﬁ'of DMDAC solutions were Qetermined by )

tlle buhble pressure method using a pyrex cap‘:.llary‘tube

(‘7mm5 drawn down tp about '2 mm and submerged about l cm ‘
below the flat -surface of the solution. The tempera— 55 o
ture of the eqution ;:ae rnaintaz.ned at 30 00 :1:0 05°C '.--, " r
by circulating water through the Dewar Walled eemple heaker . _ g
' and‘ was monitored wi;-.h. a copper-conetentan thermooouple ,I,'-_.‘:’*'.:f_ ;_-.-""j-_
placed i.n close prox:.mity to the ‘bubble., The .solutiOn |
L ,?h e equilihr:l.um Pressure dlffereinoe“ acrose-t‘he‘ alr- 3 “f =~

. = ‘llquid interfa:ce was obtained ln the following way. _ %
#‘ ‘ ,‘_ The system wae preeeurlred by mcrementally advanclng . ;
: I o il th’e plunger of a’s ml syrlnge contamlng a:.r. and connec-—- % _‘ ; -".' 4
. ted‘lto the;cu}“ullary tubing unt:.l a contlnuous streaml\of.‘ l j ‘
E‘:',.':. " : bubbles Was observed Then, with‘ the volume of the& sye- " ‘
e R te.m fixecl the’ detachment of ind:.v:.dual bubbles was monl—-'f."-;t:';--; :
o el tored w:.th a MKS Capac;_:[.t;ence Presa.ure Manometer f:.tted - y
; , . Rith & 0-100'mmag head.: smg the Yolume of the s:ystem e " 4
o :_ had been minimlzed the reductlon* :Ln pressure due to each ::::_:‘ ? ‘
. % bubble was clearly observable unt:.l f,tnally .the cr:.t:l.cal '
"value correapond:u.ng tc: the surfecre tens:.on of the e;:;tulll-n 1'3:‘

S
..
,.

e longer eeparated from the capillary tlp.

In th.‘i.B. way a pressure difference o:E 36 5 mHg was

3 e & .!“ "

recorded wlth pure water after correot:.ons for.: 'the

br:.u.m interface was estahl:.shed after Whlch bubbles no* o ':._._ "
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. {"":' tiona for gravity effects and qompiicai;:.ons due to

™ In thia equat:.on T is’. surface tensibn,yo is the su.rface

:.' and fractional aurface coverage. 'I'he fits ;esulted in

't i '
0 H Ak
- 4 =
. . e *a
e - ‘e
i s
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. ' o) .
[ 0o - " " L -
2 0] . ] "0 . W H
+ o WL = - R s - + %
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J'.‘hydro*stat—:l.c head y;.elding a callbratlon constant of

\_ .

: '..‘l 951 dynes cm lmml{g _l 53 The dependénce of the 3urface .

.l " "

""'tens:l.on on the concentrat:.on of surfactant Was’ ohtamed

;_by addmg small amounts af a concentrated stock solutlon. -”,

'_ .Because of the small sa.ze of the bubbles formed and the

s ,_.‘J.ack of flow durlng the f1nal Tneasurement, the correc—

. o .r .’ ,:',-.
et

viacous drag c:ommon to thJ.s techn:.que were avo:.ded54

':: Surface tens:a.ons at various molar concgntrations of

DMDAC for the three KC.l concentrations investlgated are

[y]

listed with the data in table 5. CHC a were obtained

as the intércept of a lz.ne fitted to the consta.nt, high

L .concentratgon tensions and a non—l:.naar f:.tsgf of the low
oty conéentratm.on tens:.ons based on equatmon 36 th.ch J.s de-— %2

Fu cover.age,' and surface ex035354 K B - 1, R
LT L N TS - RT I (L. +k11‘=) AL (36) )

‘--‘"- “‘ - ", - -‘-.'"'.‘ '.“ F3- “-.. - rz '_ _':’__‘.;‘--:.'_b-' ¢ ' ET i N

v'--
'.

tens:.on of pure water, kl and kz are,rate constants for

diffusion on and off the sur;face respecta.vely and k3 is

[k}

Ty values of 16 2 dynes cm B 85 dynes cm ‘1 and 8 B’? i
R dynes cm 1for -RT/k yand’ 490 nj 7230 - 1 and J,?boo M 3- o

F
for kl/kg for soluhon conta:.m.ng U 00 M, 0 0393 M and

. » e
P 5
2 P oD
4 T 3
) o - o o
Be5 3 . y AT
4 . 2
] ' - - e s
4 f 3 "
1 1l - J E- - T o e 1
Ny - - | i r
SR o el o ' o .
o ! TR e . « B
T-e = 1 N s B P 8 e b
i - i T R
. da ) “
e ! .
I. i = -
i o [ - of v

&, I = -.

; nved from standard cons:.derat:.ons of the kinetics of surface el

HEr

: ‘the proportionality constant relating surface excess = >
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ﬂ‘kiz‘ B | 0 1429 M KCl respect;vely. A log-log plot of CMC vs
- total chloride concentratlon resulted 1n -0 618 +0I007

_ and -2. 993 10 Olleor the parameters a and b in equatlon 3.
1-_«,::‘-,_ . & . _' Log- CHC = alog [cl N +b Rt

When requlred CMC a of DAC and THDAC were obtained ,;fjﬂx: DR
55 L RES e

;' from similar fltS to published CHC' oK oy
Denaity Heasurements and\Partial Specific Volumes-'tlﬁafﬂ??i{f;; i
: Den51t1es requzred to calculate the h}ﬂrOStatlc‘lpéad‘ -;'3J¥SE;E;¥
for the viscos1ty experlmehtslwere éetermined usmng a: 10 ml . "‘:§¥?HJ
- plcnometer. More~prec13e data was requlred to*eva}uat; i :l ;:-
the bﬂﬁyancy factor for the analysxs of centr1fuge_data. ;T',_gz.'
Q- Therefore, t?e densitles of ;olutiOns of DAG DMDAC, vai F. ;

fhﬁ determlned ualng the apparatus deplctea 1n flgure l.._?g‘_-ﬂ o

Thls cpnalsted of‘a ballasted quartz bulb SUSgended from l=f
'i 5" o, - ‘ ; "1 ? r
a quartz sPr;ng whose force constant was approximately 7'.}
,}‘ G W :.'!.. . B -

?alloWed for thermal equlllbratlon pf each solutlon.; The : J‘?TJ

I_\ M

extension ofathqesprlng E was measured with.a linear B It

’;fﬁ;rli;.?:._, oTHDAC and a T}xture of.pAC and TMDAC 1n 0 1H NaCl were PERETEERC AT
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a cyclic fashion, displacing the former solution untll

: 1nitlated by fllllnq wlth acetone followed hy dlsplace-

et

O
Y

: given hy the ooncentratlon dependence of the apparent ?3|

- w mAe

P T .

-33- .

_ Because of the fragile nature of the glass spring
only liqnids with low surface tensions were added di-
rectly to the dry apparatus. A series of measurements-
was inltlated by fllllng the apperatus w1th a surfac- 7
tant solutlon whose concentration ‘was’ approxlmately

equal to the CMC.: The surfactant concentration ‘was’ in-':j'

creased by adding solid to the stock solution and '- S

Eurther addltlons resulted in no change in E thereby ?-j;
obtalning data at constant moles of solvent
the callbration runs W1th aqueous NaCl solutions.nere
ment by- 1arge quantltles of the callbratlng solution.
Pinally, E was measured three times with the support;ng
hook in different locations along the.vertical axis- of

the apparatus.‘ The cons;stency of the results obtained :

indicate that the glass wallsof the jacketed tube were .

free from d1stortlon and the solutlon comp051t1on and -3';ﬂg.f

temperature Were uniform ' =

b ¢ -

The density of the calibrat;ng solutLOns were cal-

j”-j culated by the well knoun equation for dilute electrolytic g

57 ’~i~'” P T el T e U R e

-

solutions e ; ek .‘. u-'zﬁ .:;-. 3 W -t,m%

. .,.- 4 o
S - ; l .' K L3 . " et
g r

a-'. T

o5 +(H*p°¢v ) c/znoo Svp e /1000 LR

.-,'

where M 1s the molecular mass of Nacl and ¢v- end S are

Smxlarly, G
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b . m« by S+ st . 3

and ¢ is the molar concentration of NaCl The values

» . of 0.995680, 16. 91 and 2.024. for s ¢v and S respec= - . R
_qur,-f e tzvely at 30 DD°C were derlved from parabolic interpo* [ L
e L a b ga-:f+," latlon ©of .the. data of Baxter and Wallace§8'at 0: 00°C, -g el Ny Ty
:‘ﬂt'?fﬁ?'-»;l”f.;E " 25 00°C and 50 n4°c.n*The concentratlonsln units of © .'_}:Jiflzﬁf;?:
\._: 2 . .-\.' -.-:_'.. ,', ."t.‘_ B2 § o ("... 5 a2 _.‘ E g
, R LT o were derived from molal values, m, from equation'go uslng e, i
= I Soh '.‘ ! . ""-" """ ol . -" .'.' ¥ ': !.1'.'1' ? .'-'. .'-. 4 .--'.: - ':‘j l.:'-‘.':.'
i T T & transcendental procedureq JTT“ T ’ Wi““ .*&f‘ﬁi'j"ﬁg-ﬁ:;:féy”.ﬁf .
o R R O T ey mpo(l - c¢v/1voo> Rl A
all® Ta g B i T3 gt T R e R Ferd® o
{_'}. ' B - Llnear 1east square regre351on of the proposed callbra- ¥ & Feus T
SR 15 o . 3
, - g tion - aquatlon, S = .8 il & - N
A S - & 1S ) . (41) Rk
5?',‘_'_ b . yielded.—ﬁlggi_x }0 and 1. 037744 for the parameters. T ey W
AR TR s R T " i N i
T - T a and b respectively. “ From the reaidues of thzs fit N L b Z
=, | s 9. % 5 R O T
T TR A llstea,in table 1 it 15 1nferred “that. thls equation: 2 e |
e , e X & P ol o B35 alay Sad
AT T L- adequately descrlbes the data and that the standard - p Nl
i* f“‘:ﬂt ‘;-i:;ﬂ;u?error in experlmental values of p are-in- the order of e “;: b
oS A L | 5 grams cm.3 The measured densitles for var;ous g oo ST ol
" £ :- . ; i S i -
LR < S i:;’f-' molal concentratiqnaof surfactant are . 115ted with = SR S
e o 7 B T data in tables T. through 10 '$’ o s Z“':ﬁ.;:g_;if‘°.'.w.'i " any
f‘ . To obtaln partzal 5pec1f1c volumes a non-linear ‘Qif" *3 f_._'.L
) - “' . 5 o iy -':".-" _‘ >
5 f1 ?5 of the data to the seml emplrlcal equatlon, .';;.5_: B e o
“;wq,ﬁxl Aﬁ-mh a5 I sz*;'“'. . P
-*-“"5! e -:' 'a% . R
was used to evalhate the necessary terms 1n “the deflnlng .J?:uﬁ-'énf“_
- " et T " ' '-. : 4 -. ) = -, ) : . .3 .._.h‘ ‘ -‘ i S ,-:..k' : B 4 "I ‘...-
. ..r. . o R o o L L d :-"- - i ] "-‘.-. . - ® - .0_' . d.'\l-,, s
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CALIBRATION OF DENSITY APPARATUS WITH SOLUTIONS OF NaCl AT 30.00°C

7o 09916

1487 -7

*Calcplated'using equation 41

Csodsalll

L 1,001710

".1978

R (g/ml)

| .995676 . . ‘.

41996705, . -

PR

© 1,003671

_}95§ioi" 3

999718

E (mm)

:li55;543::5.;;'%:

T

‘81280
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Il v'=1-.1000 + moMy 4+ m3M3 (Bp‘ i
T A ' (43) = .
. s o p l i .
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E Y oy ;rhere tﬁe"‘bsubscript's' 1, 2 and 3 -refer to H50, - surfac- T

.' ., .‘ L tant am‘il NaCl respectwely. & As all the elements oﬁ the fis.*
: err‘or. co-var,lance matrlx, c,_j p .are obtalned from ‘thls X - ;. ‘.
‘ J, o ' flt 1t is. poss:.ble tci compute the concentrat:.on dependence ‘
L‘ w ;-I"-_ihof the part‘la.zl speclflc volumes along wath erro'r;curves e : “

. ‘ wch represent the total propagated error55 The it v
\ parameters‘ are found in table 2 wh11e the part:.al apec:.--":l'"':_.:ﬁ.".:f;':- ~
2t fic volumes are ahown J.n flgure 2. From these p].ots .3‘__. }
j L it 13 apparent that the partlal 5peciflc volumes of et 5 A W
\

.:.'- Trh .,' 5 R ! DAC BMDAC and TMDAC have the constant values of .

& X " . ,
-’..l“.‘ m ¢ . .:\. - o. - g :
_{7_‘?' e 2 &, 1 0955 ml g"l*- l 1055 ml g"l and 1 0975 ml g‘l‘ respec— . "‘_ >
,..::: o 8T t:wely over the range of concentratxon inveatlgated. - Also, g _.

2 " ] the mlxture of DAC with TMDAC for wh:.ch the partial spec:.-— TAr.1L

: " fio volume is l 0965 ml g <1: demonstrates that for mlxtures e o # ,
i > & : "'.'.5_' 1t can be calculated as the mole fract:.on wezghted sum . : " 7
‘ i “ of the above values. .s“ ._ "’:. ’:.,'.".;5:‘1 § ,"‘ _ .8 .
”,' . “ l' It is noteworthy that less r:.gorous evaluatlons of £ o
e "‘, R “.'-;_i.:-l,'.partlal spec:.;fic,volumes almost lnvar;ablylreSult J.n ‘ “ 5
A K s f,'i--;.;':_'i—"-"-'l'-systematlc var:.at:.on Wlth cconr.:'n\antration59 “Also, 1n thJ.SI"".-'?_',. J.
. ). ‘;';":':‘:- , -:‘work, the curves were not affected by a change J.n v at ’
3 x "' ",':-':g'._‘_" he CMC since in- all solut:.ons the surfactant concentra-:'.."‘- i )
“ .t:Lon was graater than -the respectlve CMC s.' Becau,se of o u:.‘ :
. B ' N i BT e T
: ' a-,:.:f / thls, the parameter A J.n table 2 :|.s not expected to agree _‘ -
. .:' E 3 .‘_ _‘. et Vo F

Fy with the value of po used J.n equataon 38 % 2 *:,'," R Tl 3_.'.‘_"_‘}':'.‘_.-‘ .

-
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acket maintamed the Bample temperature ’aﬁ:ﬂ '26 no +o- oﬁc
ih'a foom thermostated at 20u0 in 1°C._ The sodium lamp 'i};iiff;
uséd prov1dad 11nes at 498 8 nﬁ; 568 5 nm,:and 615 3 nm ;ETPﬂJ Eﬁ”;
,'whloh were intEnsoléEBﬁgh to perm;t determinatxon of‘tho' .?;?.;ti‘
} refracted nnqle to wltthIS“ of arc.?ef-;ffo i {Iﬂﬁ3'i'-f;%:;._i g
:54; Calxbratlon.innolved determ;ning ‘the index of the_i;n;ff:i; f
.prlsm N(T), at the four wavelengths used.r.The_caI;bratlng ) :¥
: fluld was water forhwhlch dléporélon data60 ylelds a ;?:3{;'“b:a
value of é 10 +0”05 x 103nm for the pnroﬁéten B" 1n mﬁliijﬁth‘jéaiti
equatlon-44 ”_,'?;if;i':Ahnlnigiqztﬁ‘);ﬁiEqéff;(-ijff;:ijgkf?i;‘ | -? '
";f:fi{ifé._:.}togﬁnbzkz B[l/Tt " 1/1 2 i.;.iﬁﬁyJ; (441. -

. ciroulat;ng bath conneotad to the cell s integral wate:

": v1a the equatlon of the instrument, ;;qgmjy N s el ) B

& L s W - e = =

thermooouple minlmized the r;sk“of contamination. :m‘f

- Iy, “

@ : .\ s @ oo

..-o

visible reglon about the 1ndex found uslng the SOdl

-w.. ) At
.

11ne,1 at 589 2 nm._ Hence N(T) could ba calculated Qﬂf
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whloh adequately represents the dlspersxon data 1n thb‘ u’:i”

s = N sine (N -51n B)e-_,- o bAB e
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Refraotive Index Measurements and Speolfic Refractlve .:“.t."_ ; :
Index Increments.. RefractiVe nnolces .Were determ;ned -f‘ ' :::;
with a Pulfrich refractometer i 602?01 made by Belllngham T;

- and Stanley lexted. The Bpeclal cell supplied by'the .:lfa;i" 3¢
manufacturer was modified bY ;daing tefloﬂ gaakeénlto‘:'l %‘f;?>=g:§
prevent syphoning of the solntions along the ground1 .;n ﬂfiu’i_fzﬁ
glass‘aide walls and the prinma A cover fitted;with a: _rn{%'?sfjg.
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Equatxon 45 was then used to calculate experlmental
" indices - from the refracted angle 8.
The refractlve lndices are- inclhded w1th the data

1n table 11 Llnear 1eaBt squares fit of the data re-

. [

d :;ﬁn eult 1n epecifxc refractlve 1ngrements 1isted 1n table 3. -

- B . .- ' o . 4-'
T A . 4 “lt o “g . . ol - iy c
o R e s ae . 9 p, o °'If o3 ES . . LI o
] 5 0 MapohlEi okt e T . .
b v

i e o5 -”th;t_;'u I ‘ A POt U S o " fﬂ
= Centrifugatlon.- A Beckman Model E Analytic Ultracentrlfuge

equlpped with a phase plate was employed 1n these 1nves-:

tlgatiene. The llght source was'h mercury arc lamp ‘h:kff%

fltted wlth axwratten 77A fllter transmltting the 11ne

':at 546 0 nm Schlleren patterne were recorded On Kodak

|

. Melallographlc plates and analysed wlth a Nlcon Model GC

. Profile PrOJector. The 5tandard procedure of scallng

by the ratlc of the dlstance between radlal reference

marks zn the cell to.the measﬁred dlstance between the

...r ‘.

o re$pect1ve marks on the photographlc plates was used._,

1;; Callbratxon eﬁ the opt1ca1 system was performed

'ﬁ‘durlng a synthetlc boundary experlment on an aqueeus

..-'

i -

£

"sucrose solution.: Intergratlon of the resultlng pattern

' f‘ u31ng Slmpson s rule ylelded a value of 0 ll?ﬁ cmz'for jﬁ:

\

the instrnment constant relatlng the deflectlon from the
basellne and the ratlo of the refractlve 1ndeg;grad1ent
to the tangent of the phase plate angle. The dlffu91on

ceeff101ent determlned by the calxbration run d;ffered from

the hand book value fbr sucroae by 1ess than 1%-1nd1cating

.‘ st . . b - . ‘

that no convectlon occured durlng the run._ The_lnstrnment“g.{-

O
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PR PeL . 3 cohstant along w1th the requlred speclflc refractlve - §
:Hji ) 1ndex 1ncrement was used to cbtaln the concentratlon o e - 2 B3 B
oy 1 o . Ly = : 4 ,' Lo - d - . - . ‘_- B
o B Ve gradlents from Schlieren patterns. All runs were per- £ . | G . ;K
&l ' formed et 30 0 +0 2°C. ‘ ::{t?l‘;: j”fij;i:ifb;”? f“":‘; ;:fil'“‘:ulﬁ.
T ',_;,ﬂjl:p The procedure used to obtaln apparent molecular t:f’;$wi* e
ﬁﬂ;if?fﬁﬁ'f-’fﬁ Weights.from Archlbald data lnvolved 7&trapolat ng valuea e
T ,;u‘j-,f*‘;‘ of the apparent Archlbald varlable (1 eﬁ the value of rﬁ"
ey e O F S

'}-(2/w d ch/dr or E/D calculeted at eacp'radial positlon*:uf

4 . Tl

s

'as 1f lt were the interface} tc the actualulnterface.1

v 1
plot of the 1ogarithm cf the'varlable versus dlsplacement" fl;;ifliﬂﬁi
57 was 11near 1n a; region close to the interface.; The experl-'ﬂﬁ*f:tﬁiji;
P BN ) s ‘L; .-“ I 3 J“I\’ = = “‘-\__ , ,\:-‘. ’:: “.‘ ..I 2 )I.
- _f; h-.f mental error in these extrapolations was calculated from el R,
i ORI : g Bl B U

- g 2 the slope of the plots multlplied by 0 0025 cm (i e. the e ;¥;~{¢‘:4

: _,.'-.?[jf:_ estimated error in the locatlon of the true interface) ?:J-f“*figfiﬂ*f
'_;5 ;"ﬂ”:f The concentration at the interface was ohta;ned 1n a 51m '~“1gﬁ,fh_*uiz
i;“:f’fﬂ'ﬁ{tr" lar way.- Appendlx A contalns the detalls of a typical analy-’f"?‘fﬁ$"
'531;4;:;-: stcometrx 3 Non-Newtonlan v1sc091t1e9'were determlned i diiep

;B itﬁ a. Cannon No. oc AGEl caplllary v1scometer whosea_fi?,gk*i;di]%fﬁd

L
v
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ij: '. "f . :icaplllary eas approximately 9 2 cm in. 1ength and ':-:%Sf?n J?Ei{;??‘
é:_:ffi:f:qu;;hﬁ‘g} 1 98 x. 10 2“ 1n radlua and waa modified as-ahown ;n'TJ:ﬁJEh:{ﬂ;f}lié
ff:u:‘{:“x';}l' Ll flgure 3. The-vxacometer itselfuwaa mou ed 1h.afbath‘ 'ﬁd..“{?‘ &
Hﬁf}.;jﬁffiﬁlﬁrﬁ% held at.3o 00”20 03°cli Flow times of . between.é souo s"

il o ﬂ;‘:¥j¥{ and 45010{5 were obtained from an electronlc clock *iﬁ

capable of accurately resolvins 0 001 s“ The cluck Was'
triggered on and,off by the changlng output bf;phototransls-

e ters as the solut1on meniscus paased tlxts above ‘and
e S ; Fawd DR R D

.{ﬁ“”ﬁ #, below a bulb'contalning b 4 ml of solutlon.-‘npplle&-'
;f ':?ﬁ'—-lelng a ballast cyllnder wlth nlttogen.i The pressure
€?¥ 25?:;1}5iif:ﬁ: "Agag monztored w1th a'MKS Capacitance Manometer.gypplled
.ijiltﬁ ?ht 4 {tﬂt w1th a dlgltal offset.and a'D-lO bOO mmHg head.? Exper~'{;?{
" g I;t;?:??xgﬁ:?: : 1mental pressure‘ were corrected for the hydrostatnc__:is,
h;fiz?ﬁ“f?';;:ﬁv a'-head due to the llquld column by the “log head“ hethodslf

Flow tlmes-and applled pressures are belleved tb be ac-" ff.”

curate ta +0 23" m;g‘ ﬂ-ffggﬁ.?]gtfgrj:,f‘;,:’%

e i
& e ’

b recting the applied preasure for the kinetic energy 1m-'“

parted to the flu1d at the entrance of the caplllary v1a,‘¥}i}ﬁd

;Eq aP - P applled = mpv2/n234 2 ,;';5?::ff?”¥ (46)

where p 13 the aolutlon denslty, V 15 the volume of flow,

T

R 1s the radlus “of the cap:l.llary. :'t";ls the t:Lme of q;low,

fand m 19 related to end effects at the exlt of the capll-

_flary followed by d1v1510n by the'experlmental shear

.“~~. .L-
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H l - B o ' b4 = -'-Cv-.. " n < P”}' ” e I t 'J ) =
- ) . ' o i 9" \ ;-" L .' . V 2 .::' ' .. . ' ) . d ' ) ‘- i
. - | < " ’0 u‘ e g‘ P A : <‘ i 4 :’n L] ' ; " - -
s ‘ 1. . - o ®
0 |’ ..“‘". ] . ; "‘. F gt 2 - 1 . -
e L R :
+ 40 1 . . . ! - :
assuming a parabol:.c: vel.oc:.ty prof:.le This pro— . '
; cedure gave relmable results over. rnost of“ the range LT =
-“."' i .
J of flow rates used exdept for the very hlghest where

N 4 B | " . 1 i M ) - ‘ u\
. - g S , the value of m chaﬁ\ges. An alternat:we prc.-cedl.lre62 ) : i iR
i 7 ;

:" ,\__e’ -"\ in wh:l.chlt.he nultzpllcatren factor, F, J.n equatltm 47 | : = \.

X e 9§ '-.‘.’_1" 'sq valuatead‘at ver:l.ous val‘ues of the Reynold s" nu.mber !-_‘ ‘ ‘.-‘;1_"". 1 '
: LR b e g LA G SRR, e

: : (R’e = 2Vp/ 'rart} durmg theb cal:l.bratlon -run on water " ’ “1,:?

: :‘.“"".‘_‘.’;‘: ‘was useful over the' entlre range of Reynold's numbers v '&h - *

.:ir“ - I—‘,"._':-":. e :':' U _' © .- .":.'_"_ '.:‘ g .“‘ - ‘n Yo ::.'PiI-—F.:.:: _.: ' ":".l"‘ N ¥ ‘.' I.' ;. ','l ) (47) ‘_.-..-°- :; ':, g ".

" Z . - . . g i : 2 ol 14 b A . : s B e "

;._j"'_: D In this equat:l.on P J.s the applled pressure, t is the _ { S
ﬁ 4 E : flo‘w t:une and - 15 the erper:.mental .v:.scom.ty. To = e ‘ .“::".\,‘:;"
¥ . " apply equa.t:l.on 47 to-the . n?n-NewtonJ,.an flu:.ds the . i R
! ‘ 4 ] -' values of Tl; Re and F were lterated unt:.l a. self CDl‘lSls- - ‘

. .”?j .-'l ' i . ”tent s;t ‘Iv.'as obta:.ned. .' In~ order to. check th:.s procedufe . P '3:'-'
‘_:.-"‘,:-‘:;'__1- 3 | the ‘V:L.SCOS‘J.‘!:);V .o% an{ aqueous solutlon ef 20% s;.lcros‘e w.as‘ .
: : k . determlned over the entd:re ‘range of operatlon c;f the‘: . PR ‘ .'

apparatus and was found ta. be independent of - the Erhear

S rate as one. would \expect. $, " W R ,‘ :
'j;_—""'{'. : :-,' .:_ TR Experimental viscosities ;rere corrected for' non-' ‘_ _'

.*-‘".‘:"_ '.. ,:_:‘_‘:. - s . 63_ - ‘ = Lo o ."‘_ K

4. ST e Newtonlan flow by the usual equat:.ons As 1-5 a,lways I :'-:‘ il

1T A i B B T
8 T T The the case when ‘usz.ng a Newtoman fluld ag a- referience RO NN

b R BN g g standard J.n relat:.ve measurements of v:.scos:.ty, the vig= . ¢

cos.zt:.es are detemlned more accurately than the shear g .y J
. v.._, o P ._ % 2 " ) B ‘:‘T .';?"
" —rates to WhJ.ch they apply.--., £ Ne. Uncertalnt:..es J.n By .. A S

gl apparatus constants {ln partlcular the value of the flow o, Wi~
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\l . . R ' " 4 — B . . . . l‘ : :..:
y S : o, .‘._4,?-- - ' | BN

."_ '__ : volume) lun:l.t the a;ccuracy of the latter to 4;3 while SR ‘- ,.

) 3 . the error in tha -viscos:Lt:..es themsel‘fes based o;; the . .- ;
7 S - - measure.ment of flow t.unes and appli;.ed.pressures are - . _
1 - .;‘f believed to be less than 0. 5;,3 Thls fact makes i D]
; '4 t:.ox.m t° thE prermental shear ratea unnecessary (1 e. ,' . \ »
.:.3-" . ‘:' , they never e;cceeded 4%) ' 'I‘he corrected VlSCOELt:Les ‘and v -_ _-"f-._'-"-‘{-“f_‘
: ‘_.the Value Of the'Re,Yand; 3 number and shear rates are g b il

T i
v1 W

:'- it ., K =, where n is: ~t:l'ua'nt:u'l‘,—New\rtcm‘n.an Qo]:u;:xon viscgsitg at a |
’ - :. particular shear réte ;nd "CMC ia the viscosity at the d "'_.'r":-“-"' of
' - '.".‘.-'. " i ) CMC a.t:id c is the c.oncentration of aurfactan_t in excess '
* . ’ °f the CEC Ain’ units Qé 9 ml 1 were determln-e;z.;l ua:l.ng pub: ~ +
. R ‘ '-.;.‘ :‘lished data f‘or the viscosity of aquecus NaCl solutionsﬁz l
£ . i and the result of v:.scosxty. measureme.nts below the CMC, ‘ ‘
PSP L J "cuc  acy ¥ 200HC o ¢491 ’_

' - ? ' ”’.::-1.“:;::. where here the CMC .1.5 'Iexpres-sed in g mi"* (le & shape r4
f_-'.ff';-._.‘ : a ‘* s fact.or of 2 9 was used fof“ the moncamenc surfactant o 1
~ * : molecule# whi;:h are subs.equently included ‘as .solvant) , ‘.- -;
' et 2w e %y ol
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T v - RESULTS AND DISCUSSION ' BT
W L ' _ Some of the results of centr;fugation of DAC are

Py -'; S preeented graph:.cally in fJ.gure 4. Several features cf

I the _data..are worthy “of- spec:.al note. Firstly, the e ’
; R . g «ll.mJ.ting molecular mass in 0 1 M NaCl varles from a high '
i ef about 30 000 g moJ. to a much lower value depenfing ks

less phan 0 01'5' M 15 included.- 'l‘he result Of the data at '_=f “_’.'_"_,

: h:-.gher concentratlons compares favourably w:.th the value 3“. i’ -"“:
b of 85 500 g mc;l 1 reported by Kusl'l.mer5 It J.s believed p
that" th:Ls steep increase :.n m:.cellar mass wzl.th ’.an;:easz.ng S _
o : eoncentration could easily be overlooked in most J.nvestzl.—- -l:‘ o
’ : :i ‘gations,' ‘Secondly, the m:.c:ellar mass 15 extremely sens:.-: . B
,=,; : :' ' t:ive to small add1t1ons of NaUH The concentratlone of '

Sﬁj}}ff: ;m,:.f:f HaOH used in these runs repreaent 6 25%, 4 01a and z, 24% '
l ’ deprotonat:l.on of the DAC J.n the solutlons prlor to czentr:l.-I
Py T Yo )

e fugatzon._ It seens reasonable to assume that the average oy i,
I ""?'values of the rruceller masses obtalned represent DAC 3
L o mlcelles whose Surface Charge has been reduced from' .its, g !
_ / "=value :Ln 0 l M NaCl by these percentages. If oue‘ae;umes LA
‘ A fract:l.onal surface cbarge of 0 23 in 0. 1M Nacf“.‘,' ;"tp.ep f F o
‘ | h 4 ;..-xthe average m:.cellar masses of xIlO 000 g mol 1 ey
u 140 000 9‘ mol 1and 210 000 g mol =l eorrespond to. frlact.wnal ’ .

< T Th:u:dly, the concentratmn dependence of the mmellar mass
TR W L .' B iy
gl 0 0 e at the two lower salt concentrat:.ons 15 markedly non-ideal,

on whether or not the data obtained at concentratlons I

. - .. vy
N '. 0 s %! -

surface charges Qf 0 21 0 l% and 0 17 -respectl\rely._ F _' L
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P A '. -+ . - Figure 4 .. ‘Apparent mdl'gdi;,lva_i:ﬁe_ighﬁﬁ of Dhc-éiéeligs‘};h..oii l-i'.ﬁé-c_lf-:andﬂ oy .
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4.
' =50~ v

exhibiting_a 2 5 fold decrease with 1ncreaaing surfac-

_ tant concentration in ‘the caae of 0.021 M NaCl. The

LR apparent molar second virial coeffic1ents for equilibrium'

centrifugation obtainedfnunthe slopes and 1ntercepts of

the 1nveree apparent micellar maes vereus concentration

3. -1 3 1

plots in figure 5 are 30 8 dm mol _,and 10 3 dm mol

"y

for the data in 0 021 M and 0 054 M NaCl respectively.:.;fi;

THDAC and TMDAC—DAC mixturee ere p sented in figures 6

("1 and 7 and are also linear suggesting that a- second order

1:.‘!ELrial correction which includes the effectl of pairWiee
! b )

'b'

’ interactions may be in order.' However, 1t is also poeeible

' ﬁtc interpret this data in terme of the developments in=

f.*cluded in the theory section, based on a microscopic LV

"_picture of particle motion, - »and thereby evaluate

7:f'the relative 1mportance of the- varioua sources of non—'f-

fideal behaviour in theae solutions.‘;f

' :
PO

1, In order to complete the analy51s a pair interaction

*-fpotential energy function must be assmmed In View of .

-the ana1y51s by Bell, Levine and McCartney6

-,mate methods of determining tHe double layer free energy of

j'-"_'_:l.nterat;tion between charged sPheres, the familiar fprm for
'7the interaction energy given by-equation 50 wae used sub- '
i;;ject to the condition that the effective charge parameter

.. was allowed‘to vary 5o as to produce the best possible ;f'

‘“f?fit to’ the data.; HEnce, i takes the value which produces ‘. .

'_, . . B . ‘
tae e R :; . L.t
! LA

Similar plots of the data obtained for solutions of DMDAC, zﬁi-f"'”‘k

of the- approxi- .
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‘ of s.'l.mple salt; S
Imass to equatlon 18 by usmq equat:l.cn 50 to numer:.ca.'ily

2 1dent1fying c

- . where M J.s the 'anhydrous mass of the surfactant monomer
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region over which mcst of the pair interactlons resultmg E

Ain non-ideal behaviour occur.

‘ ‘ ,"_'.W/kBT - '(ize) éxP'(' Zﬁac)' oo (50,
zsa k.BT{l +p) : ‘.? ._ e

rorEN

¢

.‘_ In equation 50 L& J.s the reduced J.nterpartlcle separatlon, %

L) . _g_.

‘a :.s the dlelectrlc constant (assumed to be 76 6),_a is

L ;.- .f._the radius of the hydrodynam:.c particle and K 1s the Debye_-.'-"l"f',"-

}.

S -:' -c" = (Bwe NI/ck T) " ’ (51)

":'i"where @ is the electronic charge and I J.S the :Lcn:l.c

“.strength calculated by ade.ng the CMC to the ccncentrat:.on'-"

“the best representation of the mterac:t:.ou energy in the

The results of fltt:.rrg the apparent inverse m:l.cellar'

' ‘T.,':Lnteqrate the expreas:l.ons J.n equatlcns .19 and 20 end X

w:.th (c—CMC)/z are 1:|.sted in table S. ..I

thlS table kl and k2 refer to the molar second vJ.r:La.l cc*—

i = i absi-

efficz.e;nts of mutual and tracer d:LffuaJ.on def:u.ned by ‘

equat:l.on .‘LB and the hydrodynarm.c speclflc volume, h' ,' -

k au-n)umvh/looo B, B (52)
' : PR -_2 ‘= SAM Vh/'lUQO ,_:\: s . -(?3_) e

L .angl_jl_vh J.s g:.ven 1n terms cf the hydrodynamic .radlus and

. P - -
5 °

¥ h = 41'ra N/3z!4 - "'.—.”_: B - (54)
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Since the reduced specif:.o viscosity of DMDAC showe'd no non- o
inl e - . - '1-‘_'_ L Newtonlan Eebavlour but was - approxmately Z 5 t,unes qreater : .
‘ ‘. " than the :mtr:.ns:.c v.alue for spheresg a value of .2 5 ml g ]' :
po , '-I.,'-'was aasumed for vh .allow:.ng a to be calculated ﬁrom z v:.a ' ‘_
A . "I. equat:.on ﬁ54. % Fortunately; ithe. results of .the analysis d:.d 3
:"f'__'.‘:'_,\not vary much with the vaLue of a’ input as shown in figure 7 »
so that the error z.ntroduced by this approxmatlon 15 small * .ﬂ
_ "“{I. Hence, the ilr.tput values of only ¥ and :i. completely dete-rmi'ne..v ’ :
: 4 all aspects of the flt w:.thin a data set, a.ssum:.ng constant : : ‘
.' aggregation numbers- The “best f:.t, shovm as A so],:.d cur;e & .. ""
- B A O in the f:.gures was ohta,:.ned by varying *the values of z and z C
& ' j_ by increments of 5 and 0' 005 respeotively untll the devie-" ,
’ . -.,' | tlons of the po.l.nts from the curve was minirn:l.zed. The graph:.c ’-
& analys:l.s waa Perfomed on a Telktronxcs 4051 w:.th t\umer:.cal ;
e ’_»-.:-,_ il J_ntegratlons computed J.n a PDP 11’10 The dependence of the ," ‘
fJ.t on the valuea of z anqj, _:|._9. substantial as shown in the aid f E
q flgutee. ot ' i LN g £ ol Tiges ¥ 3 ,ma. LS T R
, ; ."': The goodness of the f:ts J.s re;;terkable. in that not only ) -
b - are thef ol:;ta:l.ned by assum:rlg‘-oonstant aggregat:.on number |
\ wlthin a data set but als::: beoause the best aggregation num—'_ ‘
;: -“ & ber ehtaleed .for all sebs was relativaly constant exr:ept i .‘l(
: " 2 ’j mfor the case of DAC 1n 0 055 bi NaCl This reeult suggests. . "-.:;: 3
‘ : that at 1eaet some of the variatmn 111 agg‘reqatlon number -'
AL reported fo:r: THDAC micelles may be due to the lack of h
2 correction for non-—ideality H ' i Pkt o o 1
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j o et d B WO N <y, O P L R e S TR T ¥
Gy T L ;on a collaidal part:.c:le Qo est:l.mate the fractional sup= " T
B s e face charge from the effectiva charge parameter ‘ gl BRIF R
SR g L Wt 20 1 | *-~—~_~ '- W
W LT | RERL et fractional Surface charge = i(l + xa) (55) P P
il 2 3 results J:n the values included J.n the last column of - o _':
kT & Thonk t‘able 5. An J.ntérest:.ng plot showing the varzat:.on of ' o
R ™ %5 ¥ ‘:i_,,-‘ aggregat:.on number with this aurface charge and includlng r iy
* '-;_'_-‘:: i . RS t:he values for deprotbnated' DAé salut:.nons :LS shown in‘ :
i_';:_.--"-".--',f-:';._': . figure 8. The p].ot shows that aggregatlon :..n th:.s group ~ :
'::_f N : g of surfactanta primarlly depends on the surfada charge o ,:‘;
E LT b and on the identlty of the head g:oup or qroups and the ’ . .: Jalh o v

dd:.tion of base anly in as much as. these latter factors ) e O
: : _-' 1nfluence the former._ The results also shdw that the .'-._ , LN
s 4 : charge obtamed m m:l.xed m:.celle solut:l.ons is not a, we:.ghted - TR
N ,. linpar combination of the J.ndwidual value, but .'.LS in : oy
i A e . fact much less. Th:.s sEems 1n accordancé, w:r.th t.he non- " &
Tl 8 lineat way An’ which the cnc var:l.es with. mole fraction i
9 e e irt mixed micellar eio.].l.uta.m-:.e.65 and :.ndicates that mor:e' b : 475
e :' & fa.vourable pack:.ng arrangements are posszble in frrl:|.xt=-.c1 f"'__'f
...:.: -‘1. - : ' \ “ ‘ .,.‘ mlCelIQS. g .. . L,’“,' ,:)_-,:..",..‘_nf ":r : ': ::‘ . : ‘\.l “ . ‘ "., £ J ..
LI i of saveral solut:l.ons cqnta:.ning 1arge DAC -m:.celles are
s T b plotteﬂ :Ln flgures 9 through 12 as a funct:.on of 7

t,he shear rate to which they apply. ; As expected, all;

soiution.s. exhib:n.t non-Newtonlan behav:.our in ac::o::dance G

42 57 68 :Eor the al:.gnmen,_\t of an:LsotroPJ-C

"-.‘ “ 2+

; with the theor:Les
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partz.cles at h:l.gh rates nf shear 1n that the viscosity
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) ) these theories do rnot predlct'or-account for the Experimen-'

é.' ' tally observed reglon in which. the. v1scosity increases thh

‘ .1ncrea91ng shear rate thch was found Ln all solutlons.

'That thls phenomena was’ not 3ust an exper1menta1 arti- f: fi:
. : ‘fact due to thlxotropy or' instability was deduced from the &
- I el 1ndependence of the results on dlfferent experimental pro- S K

:ifﬁ;_j_;"::ﬁ';ﬁuiicedures 1nolud1ng passxng the same sample through the vrs— E:'

.'u"Lccmeter seVeral tlmes in succe551on and collecting data ff'ln~*i

{;Furthermore, the-“iscokzty of a eucrose solut1on more IF'n?if

' viscous than any aurfactant solutlen was obtalned w1th- h} ;

e ?out any anomalies over ‘the entire range of shear ratee

fstudxed. Finally, the anomaloua regxon almoat always was

"Fys LTk l_'fbund to occur at Reynolds numbers lees than those normal-
.v.',-_ . ¥ ‘-\'\ ‘.‘

ly associated with turbulent flow and in fact the results' ,;1}

e L N -

F -

L * " '-ﬂj of: turbulent flow’observed in prelimxnary work on more_

g .l viecous solutlons wae qualitatively q\fferent ln that the

555by increas;ng the ehhar rate as well as by decreasinq 1t. ?E;“ﬂ:

f B
-t
l‘* Er -
L "
L]
.
A
-
L
w L
.
"o

'}? ¥ g [“_t; value of the apparent vmsc031ty increased much more rapidly fj"

;aﬂi?f'-f'ft-‘J.f and apparently wmthout limlt. Therefqre,_it is belxeved e h::
‘. that the data obta:.ned ::.s. x;eal and representat;.ve of SOme Q :;'":‘ *
;'.%-Z‘i I‘i% 3-':‘feature of the hydromechanics of these solutions 1n caP— :-;»g.% y
?fit?;‘ .:af'; xllary viscometers Whlch ie hpt as yet understood.-‘r{.fgiekﬁi“ b3
f}f{.uf;:ﬂ:l;j-lhf _ Thie anomalous feature might concervably ariee from ‘iy{f‘oﬂ‘
ér%%:iu' g h;:_:?i-one of the following scurces~¥“13;:;;@:3.12711; }Jf“v;ﬁl'tlér”h? T
' ‘ I g - 1N A shear dependence of the cHC whlc”h'would effec-:'-" »
Lﬁ?iiafhfl ;&3: tlvely 1ncrease the volume of micelle at high shear rates.ﬂijil=ft§
i ”,.% ® N e : . :". : £ e : 1}. ‘:\ e -}:; T;i

-

.“
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i | This‘could be a result of incréésed collisien frequenEy

- at high shear rates. A comparlson of the CMC s and total
concentratlons employed ind1cates that a 30% increase’ )

i_?’ ‘ _ ‘i_- is 90531b1e in, some solutlons However, there is no

aystematlc relatlonshlp between CMC/c and the magnltude _'

e of the anrease whlch would support this explanatlon..

T -

f,glkfn TQ;',%?:;‘ (2) Redlstrlbutlon of mlcellar 512e ln the shearm_,fi““

field. In thzs case one might expeq; the effect to ln-:f'ﬁ

£ i qrease w1th 1ncteaeeng surfactant cencentratlcn but,ﬁ;:HJj,iift'z“,:i?"
?:iilﬁffrj:¥ff{;' lncrease in the anOmalous region was lar991Y Unaffected ':f?H:%‘l,:}“”
. B B E t3) Inadequac1es iﬁ'ihg theorles for the effects - | g
A — .lef flexiblllty or entanglement._ These eEfects-have 6f-
I{w liten beenléltEd when experlmentai reeults would not other-
wise COlnc1de with theory44 y46,69,70 '
?.f:.:. ;jl"-‘t.ia (4) Spec1al flow enstabllltles which- are unlqué : y
ol n f;h, “._f_ to these solutmons._ The 1ack of theoret1ca1 developments i
3 ";J ‘.:" to explalnl£he‘éar1¥ recognlzed anomalous behav1our of ZET N B
Eﬁrf:ff;?:‘ﬁf:dllute c01£01dal solutlons Ln unusual flows71 hag been. ‘

T o e R -

2" G R S ,recently noted as &, major shortcomlng in the general devel- LT e e
»fopment of m;celle t‘heo.'t:y?2 ‘ The results of the present Lo
gq& L;":- ::ﬁi;:ﬂstudy conflrm that thle 15 indeed true and cast doubt* ‘: . l)

T.\on the valldity of analysis of rheological data on these e j -Ji

1; 1 ZL.';J"'H'f?Esyetems ;ncluding that obtalned even at low shear rates.j | ‘e

g % AN A
' S i O U
S One can, however, make some qualltatlve comments on :
» - " ’ " - 4 . +* " - ".
Co fgeneral features of the results. Flrstly, in the presence e i
oseat ol i o s S TN R Y g YRS it £
i L N | =l | i Y E 7 - .
<N ; N Tl - e
et " - . Lo .
L. {’:', :'. ‘:" .: i .:_::,' 2 L 7 'l._u K
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of 'eu'ffir'.:ient" eimple-eelt, DAC micelles are certainly
¢ ’ large and anieotropic. Comparison of the: rate at wl"uch — il
¢ '. the reduced spec:l.fic viecosity decreasee with :,ncreasmg I
. shear rate with the m::merical reaults -of. Scheraga43 for £ 1 . '
. ' v ‘ . '.rigid ell:.peo:.ds euggeete that th,e micelles behave f\pre :' s e e '
K ; .' “1ike prolate than oblate ellipsoids. ‘F‘inally, the viecos:.ty, ,. U H )
) ,’ :':'.,'like the centrifuge reeulte, ie. very seneltive tc: the ’, I ’
l- .'..'I.‘:-"'_.-‘."?".::':-.'El.ddltlt}n of ﬂaOH. but is ineensitive to the additionr of . ‘,_j ., »
|‘ % .,, HCl as. can be seen from e comparieon of the curves 1n ‘ 1 .‘ :-‘.
. :-‘ “» _E';::_-:.".figure ll with the corresponding run m figure 9 done : ‘ ’
a , at the same 1on1c strength.- " - u % ’,
“ ._ '_ . In conclueion, J.t ils important to assess, at least .. By
| ) wl_’qualitatively. the advantages and limitatio\;e.of the | ‘:‘f: ’*"_ " "
» - L R methods employed in thls study and to 1dent1fy the areas . 2
..'of micellar re.t.earch wh:.ch would be well eei'ved by an : l ‘ "-".:
- '.;-,"-f_-'exten51on of these pre]ximinary reeults. Firstly. quiteJ .' .-‘I' ' {
E . i apart from the miorosoop:.c analysis of the concentration &) ‘ v B i
: it -‘dependence, centrifugation is intrinsioly a themodynamlc x‘ 1 . W
¥ ‘ ,.-“"",method. That is, the micellar molecular wieghts obtained . Lo '
‘ * . d ) " . from. extrapolation of reeults to the CHC are independent -? | o
.:.:’.:, - B e of any assumpt:.ons conc“érning micelle structure or behav.ior. ‘ 7..';.,, -
' _.' s '.In cont’rast, all eo called 'dynam:.c methods, which are \ ':':‘.: 3 o _- 3
" currently popular, depend for the:n.r analye:.e on aesumptions
' "_..‘-“_.'about shape, hydratmn and :.omzatl.on of the m;.celle. dos ‘
' Although 1t :LS quite likely thet these cause little ei‘ror ¥y s
i L i};;stems conta:.m.ng small micelles it is not at all cleer
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X ‘ that the experlmentally determined "effective spherical

. --':_radius can be Bimply related to micellar dimensions when

larger micelles are suspected ‘It is interesting to observe . 4 S

jufnf_:” i _; .that Hazer10 et. al. have attrzbuted the 1ncrease in effective

?;: ‘:::-'- hradiue obtained from quasielastic light scattering of ) ¥
:hﬂ .~2J.3€:.;ﬂ,ﬂeodium dodecylsulfate solutione to micellar growth while 4 ‘
:EL’l?JeriTF:f;?;:Corti and Degiorgiol intetpret similiar data in terms of‘ :?'ft;'ﬁ:q3
?. ? }Eﬁ::,:f;attractive interactions via DVLO74 theory.u. féﬂfilggfyi%f;ift'.'.
;ii;-?%g?i-ﬁ.“ﬁ % Unfortunately, lt is rarely possible to obtain reliable ;:=;w3f%;g
f& :;: 'Tfi'?data at sufficiently low ooncentrations for the limiting ,w”ffffﬁft
:TQaj.fjf‘;J';}f’eelue'of‘the micellar masa to" be accurately determined. _ .”’”?U‘r‘ S
%51-3'.;::'u. :Hence, obserVation of the proposed "mlnlmum sphere®- mice11e75 l.'f
":n - - .et conceotrations Just greater than the CHCrhas often proved h‘ '
:;;: i 1mpossib1e._1n ttiﬁ respect,'uitraoentrifugation is: more .;;
'w? ':?flexable than. uany techniques in that the 1nit1a1 solution i ':
tlf;'ﬁ.,,‘l ;.::jcontentration,-spee& and duration of the xrun 'as’ well as-"j;.gé ol
'E!iﬁ't ;q': ‘{.expan91on of the refractive index oradients by adjustment ..iﬂﬁ”"Z"{':‘
Eii:ii'kéi:;{ . _of‘the phase plete can be chosen to optrmize evaluation of o= o ;;;;”///:
iﬁrff-l?::y'idiffthe.pora;eters As an example. the'growth tegion.exiblted ' :: ﬁtihu
};:i_'ff}é:f"iiby DAC . in 0 l M NaCl; illustrated in figure 4 was. completely e iéj.'~-f}'
| ‘¥~.? jﬁioverlooked in the original examination of this systeo by s f:%‘.ﬁf;ﬁ
“}:13{”-;T:the method of o1a51ca1 light scatte:ing f'x 3 j;?”fé?,i{ iauqa}'f'
{erﬂl f’f?i,*z It is in the analysis ot the concentration dependence, 1;h¢'“q§'-i-
LA “_h.ﬁ however, that t&s_yost intereetiug chEreoteristics of : ?;ﬁ;?. e‘:
F.f:?ﬁ?iv%; : these mioellar eolutloné‘beoomes ;pparent Recently, " i-.« . i: :,
. " T
Loy S D i e



,'1nclude

l"-;herern. Slnce 1t 1% obv1ous that,the behav1or gan vary in

'{11m1tat10h, however, the theory for the analysxs of :H{,:ﬁf:"

.i:critical value, above which large micelles do not form..;:Tf

! ;:'The extent of aggregation in this region is insensitive to :

B T Tt @b e i kot e T

-57-.

*

classification scheme has’ beén pfbposed by Dorshow75
et. al to separate their dynamic 1ight scattering‘data
on cetyltrimethylammonium bromide (CTRB) 1nto three

regions for the purposes of theqretical analySis..They

regaon at hzgh 1on1c strengthe in whlch the ]

—

';'apparent diffuaion coefficient decreases with increasing

’-iaurfactant concentration,ﬂa transition region and a region,f e
;ilat 1ow ionic strength 1n which the apparent diffueion 'QE’Jﬁ“Z-:f;?J?”

.1:Th15 scheme 13 equally applicable to the systems studied

‘*;both type and degree, it i not surprising that the analyeis:
developed in the theory section lS not ﬁppliceble in all
;:c1rcumstances. Therefore, thlS work limrts 1tself (as did

‘?aDorshow s) to the detailed analysis of the latter region

J'T:only eimply because the required interaction potentials

‘F.for the other two regions are not avaible. With this

‘,centrifuge data on micellar solutions 1n terms oﬂ measurable

*Zanc1llary quantities has been developed in terms of a' ho

interesting of these is the effective charge prameter which }{'

can.be determined quite precisely and which exibits a

'Tqy{coefficlent 1ncreasea with increasing eurfaotant conoentration._{;ﬁn

Cre Tl
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1ncrea51ng surfactant concectratlon and ionic strength. The

0pt1mum aggregat;on numbers reported in tahle 5 were'dbtained

-by a searchxng proceedure using 1ncrements of 5 in the ' . B ., ‘&

value "of z.. Slnce the dependence of the f1ts is rather ’
‘ 'sen51t1ve to z, 1t is llkely 1ess than about two 1ccrement9 -
‘:fbr 110. Neglectlng the value of 150 for DAC in-ﬂ 054 H Nacl x'ﬂé{f ]

“fi¥lto be discused presently) leads to an average value of ;%:f‘jij |

g1q0i10 Essentially identlcal conclus;ons 1nvolv1ng a higher E <}n;3ﬁ'

'ﬁféconstant vblue of z have been edopted by Dorshow s group.lqilgxe'f R i

a ? " . L

’ ;‘iQThey also flnd that mlcellar charge can be precisely

o a"t:; ¥ ,determlned in -a, modern analy51s of non 1deal behavlor. 5 1 -l

éi}:j:-;{;iﬁ‘,l . Slnce thls group fxnds it necessary to 1nclude an f:: g

'?‘ :' . ¥ attractlve potentlal termlln thelr analysis of partlcal ke

‘? 2 Ilfw 5:.1nteract10n, at least in weakly non-ldeal systems, it 1s

'; ] 1oportant to evaluate the;error 1ncured from omlssion of 2

Lf?:f:: 1, :x'rrthls term in the present work Qualxtatlvely, one would g ‘;{; i)

2y ﬂ?J' .‘:anPect that as the 1nteract10n potentlal becomes 1ncreaslngly

f‘ 'b*;fmope attractlve the optlmum value of the mlcelle;charge .Q;g' flﬁ,.;_f“fﬁ
= F.}i%“requlred to produce a flt, malntalnlng constant z and r,';};{‘a”- - :}lji

f} J;;f'would decrease below 1t s true value to compensate for_i

S e ‘:nj'neglectzng these Lnteractlons. In the rus on’ DMDAC, however, - 5h'- L

a}k._'”wlt was found that 1(l+xa) actually 1ncreases w1th 1ncreasing

-y ‘.__‘.\. “ur ‘l;...‘:
T jT;ionic strength so that neglectlng thls term 13 Justified.-tn x?:;'
T :-'ﬁ}?Fcr DAC mzcelles wh;ch have 1ower fractxonal.surfaqe-charge, ;::r;.;é;l

'?iothe opposxte trend was observed. Therefore, the value of 150
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‘ obtalned in’ 0 054 M NaCl maybe somewhat ‘of.an overestlmation; i ' g
’ ' It should be noted here that the charge parameter adjusted . iy b
by Henxy's correctlon is, an approximatlon to’ the actual ‘ - :
L f .surface charge whlch would be allghtly larger if further :flﬁii b ;:f
: : o correctrona were applled or. an’ exdct computer calculation " .?f: ’::;. ;ﬁi
‘:I;j e of the repulsive potential adopted.‘d:u?} a.:tfi”c;&a_ﬁﬁ;;fa<.h _?-ﬁ? il
k:;gh :{}:;-f;f'L' Lastly, an interestlng suggeation h} Dorshow that mlcellar J
yf;;i.-253&5-. . érowth may Secur, as ‘a result of coaleacence of Bmall micelles :
m’ ‘;;:{fsf{,::: when the attractrve contrlbutlon to the lhteractlon f:%
I:;ﬁ?;zi;}nﬁxifr“ potent1a1 becomes domlnaAt requlres soMe.commené.”Thrs rather .
?;E};'iE_T};:”fT_ subtle SUggestron wﬁuld requlre as A corollary that all : -f' i'_
g ‘f '}:".N-:,;; aoiutrons of small mlcelles are’ 1htr1nsrcly non-ldeai ThlS‘{T;}ify%q ‘;1
‘ simple - ‘fact" appearsh.c‘redlble cons:.derlng the on-go:\..ncj. W as
?_” . _ " controvers& whlch has surrounded evaluation or the moet ; :~;}3ia}}_f'§ 31;
:;'r . .. :_?1 basic mlcellar parameter, the mlcellar masa. Also, if‘correct; 'E?;;f' j;

nalb;-'ll f':_ then molecular w;eght dlstrlbutlons would be expected to be

{5: y affected by any perturbatlon of mlcelle c011i31on frequency -

ol S J‘l’“ euch as that whrch occurs Under shearlng condxtlons 1n the

Slen e LTI Faet

*Tfﬁ k 3'3t1:“”- v;scometer. Therefcre, the development of a. theoretlcalii@'aﬂfe
f?fﬁ ffif L N frameworh‘rn which variable shear V1scometry could ré" fi;?mﬁ
3@:;';?-.§;f.fé,'analyaed (partlcularly the anomalous reglon) may helo ;hed'

. ;_fﬂy i:;-fni.i valuahle light‘on some fundamental‘aspects of mlcelle dynamlfs.

f¢j-. ke B .", Thls, however, is out51de the scope of the present rnvestlgatlon.;
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