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Abstract:

The effect of the counterion upon the size of micelles formed from the dodecyltrimethylammonium and
cetylpyridinium ions was studied by light scattering. With respect to the halide ions, the aggregating
power increases in the order: F*-, C1”-, Br*-, CNS”- (pseudohalide), I"-. With respect to the oxyanions,
the aggregating power increases in the order: I03”-, CHO2"-, BrO3”-, NO3"-, C103”-, C104"-. The
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_ABSTRACT

The effect of the counterion upon the size of miceélles formed from
‘the dodecyltrimethylammonium and cetylpyridinium ions was studied by
light scattering. With respect to the halide ions, the a.ggrega.ting pover
“increases in the order: F~, CL™, Br”, ONS™ (pseudohalide), I”. With re-
spect to 'bhe oxyanions, the aggregating power increases in. the order:
103 GHO Br03 5 N05 3 (1103 N Cloh_ -The orders cited a.re in essential

a.greement with the 1yotropic series of a.nions.
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| INTRODUCTION

Surface active compounds (‘surfa;ctan;bs) have been studied extensively
for a number of years - on theftec_:hnical lével"because of ‘their great im-
portance as cleaﬁsing and. emle;l.:t‘ying a.;gentsand on the ’.e.cademic level be-
eause of certain Interesting properti_.es of their agueous solutions.

The conductivity e:t"a. su:g'fe.etapt ’solutior_x is ﬁueh grégter than its
osmotic activity would indicate. To explain this enamaly, McBain (22)
in 1913 suggested that a considera.‘ble quanti‘by of the surfactant ex:.sts
in solution ‘in ‘colloidal form. Reductien of the nmnber of solute par-
ticles in solution through the aggregation of the long-chain lons to form
micelles would explain the low osmotic activ:.ty tha:b is observed. Be=-
cause the charged micelles offer less :esi:_sta.nce to flow than does an
equivalent mmber of cherged single iomns, the solution coriductivi’cy is
relatively high. o |

Mamy investigators have 'a.t’cempted. to characterize the structure of
micelles. According to McBain (22) (25) two 'd:".'-ff'e_renfs: sp'eeies coexist, a
spherical, lxydre.ted, jonic micellee,;ld a relatively large, la:rﬁellar,
weakly -conducting micelle. In the lamellar ﬁﬁ.celle the molecules are
a.r\'range"d pa.rallel .a.nd\ _a.d.jaeeﬁt' to one anether in double lé.yere , each layer
being twice the length of a moleculé... |

Hartley (16) took the view tha.t all properties of surfactent solu-
tions could 'be expla.i.ned on the 'ba.sis ‘of one kind o:E‘ aggrega.te = ‘the
' spherica.l micelle. Such an a.ggrega.te we:uld ha,ve a chaotic pa,ra:f.’:f'ln in-

terior of radius equa.l to the length of a fully extended cha.:.n. The ac=
’cual rad:.us of the micelle would be scmewhat larger than this because of
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the volume requirements of the polar heads, attachec?. gegenions and the hy-
dration layer. Hartley and Rumnicles (17) measured the diffusion coeffi-
cients of cetylpyridinium chlqzjicie in %he_ppesence of various supporting
electrolytes. Micelle. radii ca,'lcula"be‘d'.kfrom, the Stokes-Einstein equation
were all in the neighborhood of 264, ‘a value which was deemed to be rea-
sonable for a'spherical micelle of a surfactant with 16 carbons in the
chain., The calculated redii were independent, within experimental error,
of the concéntx;a.tion of su:_r_facté_m'ﬁ and. supporting electrolyte. 'Hart‘ley
and Runnicles cited these .;'cesults as being in "'éxcellent agreement w:.th
the 'spherical liquid’ mn’rcelle,"' theory."

Vetter (37) accepted the spherical micelle of Hartley, but suggested
that hi'):tie solw;'e_n'é penetré.tes its interiqi'._ The solvent cencentration with-
in the micelle decreases with the depth of ﬁenetra:bion,, leaving the core
of the micelle a pu‘ré. hydrocarbon. _

Harkins and his co»workers (15) conciuded from the_‘ results of their
Xaré,y work that sur:t‘a.cta._nt micelie's—are, c}{lind.rica.l » the paraffin chains
forming the bodies of the cylindei-s and the polar groups the ends. Cor-
rin (8) later concluded that the X-ray patterns did: not pemitoqné +to, dif=

ferentiate between cylindrical and_spherica;l micelles.

Tartar (35), after reviewing the results of & number of investigations

L

concerned 'W'l'bh the determination of -micellar weights, concluded that the
micelle may have either spherical or oblate spherdidal -shape, He pointed
out. thé.‘t‘ the apparent consta;ﬁcy of micelle radii found by Hartley and
Runnicles f@:.c cetylpyridinium chloride ‘.d:'i.d not necessarily rule out non-

spherical micelles for this surfactant. The Stokes-Einstein equation is
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only valid fox épﬁérical pa_.rticles,
| In the Presence of Sufficieﬁt supporting electrolyte, the micelles of
some surfa,c,tant's are definitely monspherical. Debye and Anacker (11) con-
cluded from dissymmetry measurements with qetyltrimethylamohimn t;r_omid.e' in
thé presernce of added KBr that the micelles of this lsurfactant are rod-like
in shape. The flow bii'efringence expez‘iments of Scheraga. and Backus (28) s
the light scattering work of Trap and Hermans (36), and ‘the cend.uct:.v:.ty
meaourements of Gtz and Heckmen (13) support this view.

Anether example‘ of nbnspheri;al—micelles ca.n‘ be g‘iven. Scbtt et al,
(30) computed that opherical micelles of ectyltrimethylammoniuvm octane-
sulfonate (08~08§ would contain about 13 cations and 13 anlons. Th:v_s coxr-
responds to & midellar weight of less than 5,000.. Anacker (2): imvestigated
this surfactant by iight scattering and found a micellar weight of 2L,600.
Since this was more than ‘-:E‘our tines larger than the value given by Scott,
Anacker concluded that the cé'QB micelles could not be Partley spheres.

Factors affecting micélle ‘size such as chain length and concentration
of added simple electrolyte have been studied extens:Lvel;y (l) (29) (34) (35).
Relatively little attention, however, has been paid to the role pla.yed by
thé counterich.. The diffusion experiments of Hartley and Runnicles pre-
viously cited revegled "a de:f'ini.te‘ thcmgh' sma;li influence of the nature of
the gegenions." In a brief study-of the effect of the gegenioh on tetra-
decyltrimethylammonium bromide "rglicella‘.r ‘we.ights, Ana;vck'er (1) ¢bserved that |
the bromide, chloride and nitrate ions hed different infh;e'nce's, whereas
ions with charges of the é‘amG sign as th;a,t of the micelle had little or no

effect. Princen and Mysels (26) examined. solutions of sodium, lithium, and
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' tetremethyl ammmnlum laurylsulfate by light sca-btering. Substitution of

lltha.um fcr sod:iwn increased the aggregation nunfber from 62 to- 63 Sn'b-
stitution of the tetrame'bh;y'lamnonium ion for sodiwn resul'hed. in an appre -
ciablé increase 1n ‘the aggregation number -62 to 76

Frdm his inv‘estigatio;ns of the conduct:.vi’cies gof solutism,s of various‘
%ctedecyltrl_-me’chylammonium salts 'i-n water ;s Grieger :(-lh} lconclude.d; that the
critical micelle concentration and the slope of the equivalent conducta,nce .
vs. concen'bra.tion plot show ma,rked dependence on the gegen:f.on.

The présent :.nvestigation was undertaken to augment the. ra’chez- Linit=
ed Information ave.ila‘ble concerning the role played by the ccmnter:.on in |
in:t‘lue;ncing ﬁhe properties of mﬁ.celles and their solutions. ' T

Or:.glna.lly it was plamned to6 examlne the micelles, fomed. by dodecyl-
tr‘ime*bhyi!.ammonimn bromide, -chlor:u.de s -fluorlde, -n:tra’oe «chlorate, etc. s
and the micelles Fformed by cetylpyri-d.inium briomide, —chloride 5 -:E‘luorlde,
-n_itra.te, -chloré.te-,- ete, . Because of the e,nonmity;.of theé task of preparing
relatively lavge and ‘pure samples .of so ms.r;y sur‘:f’e;ct'a.nﬁ's ; ‘the origin'aﬂ;
Plan was abandoned in preference for the ‘:E‘oll'miring 'one. Pure Sarh.‘ples: ,jof.- :
dod;ecyltrime_th&lemsnonium bramide (DIAB) and 'cetylpridin;_hﬁn bromide (CPZB)
would be pre‘pa.re’d. Solutions of these surfactants in the pr'esénce. of rela-
'bively large amounts of the salts NaF, NaCl, NaBr, NaNO 3 ’ 3 ’ I\IaIO

3’

NaQHOa‘L,’Tand NeSGN‘wouldofbe- sdsudiedm-'-~ .

’l‘he light sca.tte.fring techm.que was chosen “for this investigatlon be=

cause of 1t8 proven success and wide range of a.p;plica.'bility»

i
I
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LIGHT SCATTERING EQUATTONS '
The da'ba collected in this inVestigation were treated in accordance

with the equation o . .
. 5. -
¢eCy af C-C, P *+p~pa
9 [14— . -

T '.I'o5 M 2 " ERE + O(C - 06?24....]

which is based upon ‘the general fluctuation theory of 1iéht scattering by

(1) =

multicomponent systems; .'it was developed foi' suri‘a,cta.nt sélutions by Prins
and Herfians (27) and Princen a{id'lmsels (26). The eq_ﬁation is subjedt to
the assmhp’cicn "ef m‘onodispe:ésity a,ﬁd. ccfns“oa,:;cy of activity coefficient,
charge, aggregation mnnber, a.nd monomer concentrat:.on above the critica.l
micelle ccncentration B C . 'I‘he critica.l micelle concentration ma.rks a
small concentra.tlon range in which a'brupt changes of solution properties

take place 'and micelles 'begin to form in ls.rge nunbers. If the system is

polydisperse, if the size disi:fibution is independent of concentration,
and if the ratio of the micelle charge to the aggregaticn number is the

. same for all species, the measured micellar molecular weight and charge

are simple weight ave'r‘a.-ges’. In equation (1), € is the total concentration
of the suri‘ac’cant in g/ml an('i'm_a’ is fhe micellar weight, T is the turbidé .
ity* Of the s'olﬁtion of éoncentration G and To. is the turbidity of the_
solution at the critical micelle conceéntration. |

‘H is given by

*In the case of conservative absorption, the tur'bidity of a medium is
defined by (1/5) 1n I/Io, where I, and I are respéctively the intensity of
the incident and exiting light and I is the path length ‘through the scat-
tering medium,.
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valent .

where n and n, are rgspeciively the” refractive index of the solution and -

the refractive index of the solvent. N 1s Avogadro?s nuinber, ¢ is the

~ solute concehtration in grams per milliliter, and A 1s the wavelength of

the ineident light. . ’ _

In equation '(l) p is the micellar charge, n, and n5 .a‘.rv‘e respectively
the critical coﬁcén'ération.and_sup;go‘rb:l:ng electrolyte concentration in
moles/ml. , and T - T represents the difference in turbidlty between &
solution of conce‘ntr'a."bion C and.of cencentration 6.6' Here g is given by

g = (n, + n3)2/ ’(nl 4, + 2nn 1058, + n32d3)
in which o S _
dzl' =1-p/m+. 2k 4 p/tai®
a2 =1 - p/2n - fo/2n + ol lal + £p/lu”
=1 - :@/m + izpa/lfm + fzp/lmr2

The a.ggrega;bion number‘n_l_is the m_nﬁ'be‘r of surfactant lons per micelle.
The ratio of the molar refractlve index increment of the added salt to that
of the surfactant is designated by f. The supporting electrolyte has one

iof in commen With the surfactant. ALl fons exeépt the miecelle are wni-

If p and m may be treated as constants, eguatlon (l) implies that for

a given simple salt concentration & plot of H(c - ¢ )/ (T by ) vs. C = C)

should yield. afc concentra:biens near the C a straight Line wi'bh interce:p'b

(-
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~10-
(3) A= q/me |

and slope
_(4) B= A(p + P - Audyp)/ (2t )(ny +n3)

Eliminati@n of m between (3) and (h) gives .

ol

'. O e, +n )(n + 1, ) t 2y ¥ n )(2Bn + 2

2A(n +n

3) = AS l(n +f‘n)

5

Once p is found from (5), m may beé computed from
o

(O n Ko v v % 2o v 2/m? - 6 + 215
where E is given by
(1 3= (o 4 05)/(ny 4 m)

Taken at face value, a horizonta.l _plot (B = 03%’1’ H“.g_:.‘igg Vs,

L ] K]

C - C implies that the micellar _charge is zero. The micellar charge has,

in all likelihood, not been reduced te zero, but the theory 1nstea,d has

il e b [

Jbecome inademlate and. no charge correction to the micellar weight is pos- .

sible, W:I.th B set equal to zero, equation (l) becoies

.gs? H[c - C, } - =1

T = TOC-"CO::O'

According "’co calcula;tionst made. by :Ana.cker and W.eséweil (3) neglect

. of the charge correction in the -,=dqdéqy;;afmmg;aium c@oride résults in
micellar :1ffé‘ights vhich are about lOZ; too 'sn_la‘ll in water and less that 2%
‘Llow in 0.05 molar NaCl, This would ;ndicaté that equation (8) is appli-

éa‘ble to the present work since supp,o;‘ting' electrolyte cbncén'érat'ions of
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0.1 molar or gréater w’ere‘ nsed in all'e:cperiments.
- . -PREPARZTIoN'TOF_MAmERIA;s

Ded’e‘cyltriinetnylamonium 'bremide was pre:pare'd by refluxing dodecyl-
'bramide w:l.‘bh a25% alcohol:.c solut:.on of trimethylamine a.ccording to the
method oi‘ Sco‘c‘b and Tartar (29) ~ The erude. compound was’ crystallized '
severel times fre(m a.cetone w:.th & small percentage of ethanol :present.
In the final recrystallization, ether Was__added to a.n acetone-dleohol ‘solu~
tion of the surfactant witil precipitation started. i)odec‘ylbrdmide and
trimethylamine ih 25% metharol were from the Bastuan Kodalk Company. The
brpmd-de_ ccmten'b was determined gravimetrically: 25 92 7 Br fdund, 25. 92 7
Br theoretical. = o |

Cetylpyridinium bromide was prepared 'by refluxing 1-bromo hexadecane
and pyrid:.ne ‘at 120 - 130° C. i‘or four hours. Thé pyrid:Lne and l-'bromo
hexadecane were of 'reagenrb grade. The crude CPB. was puri:t‘ied by repea'ted
recrystallizat:.on :E‘rom water , benzene, pyridine s, Wa"ber-a.cetone and ethanol-
'wate‘ro‘ The ‘bromide content of OPB was. dete'nna.ned' gravimetrically: 29.78%
fmmd 5, 2007992 :'th‘eoas'e"'ciéal‘. ) ) | o

Dedecyltrimethylammonlum chler:u.de was prepared :f:‘rom dodecyl'trimethyl- '
-a:mnonium ‘bromide 'by repeated cxystalliza‘blon from a sa:bura'ted sod:iun
chiloride s.olutien. The product was 'bhen recr,y'stalllzed several times from
water, acetone, alcohol, and finally ‘:_f‘_rom -1 ma.:_cture of "acetone and ether.
The chloride content was determined gravingtrically: 15.44% CL found;
15.#3% ¢l 'bheereticalo In the case of all three éurfactan-'b's-,, water and

solvent were removed by vé.cuum desiceation and sterage over Phom

\
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Rea.gent grade silicotungstic acid (Allied Dye Chemical Corporat:.on)
was, crystallized six times from we.te.r_.__. Ai‘ter vacuum desicca.tion and stor-
ége‘ over 'Cacie' for several days, the za.c::l.t?,T was analyzed for water‘ by the
method of Koltho:t‘f and Sandell (19). -Tts composition may be represented
as E,SiW),0, ¢, 11;1120. - i

SCATTERING INSTRUMENT )

Molecular weight’detemina.-t:t'oné by light scattering require a com-
parison of the intensities gf incident ard s‘catte’re,d light. A number of
instruments which accomi:lisn this cornpa.;cison;' 1'_1a_,ve 'been-m‘portéd in the.
literature (h)(6)(9)(10)(20) (51) The appératus éhc::fwn' in figure 1 was
desgigned and 'bu:th for the present investlgatn.on. ‘The incident light
'is supplied 'by high pressure mercury arc. A (G.E. 1oo vatt AH-4). Fluc-
tua.t:.ons in 1ntensity are kept to a low level through the use of Voltage
Stabilizer ¥ (Raytheon Manufacturing Company, 250 watts) and a ballast
lamp in the c:i:ncuit. The lém;p ta‘se_ is p_rgx_rided with s,cfews ﬁhich may‘ bé
used té .lock the lamp ‘in position after :f'ocus:tng of the beam has~ been com~-
pleted. | | |

~Aperture B is clrcula.r and 5/16" in diameter. Tt _is located one focal
length (4.5 cm.) from lens N. Exit slit D is rectangular in t:ross section
(3/16" Jt 7/16"). Since B, lens. support é, V, and the inside of T are |
threa.ded, various components of .the instrument's collimating system can he
adjusted easily. and reproduclbly '.'L'he d.es:u.gn of the collima.ting system

also permits rapid excha,nge of slits, a.pertures , and lenses,

The* light scattering compartment H contains a sca,tter:lng cell; two
adjustable tubes, V through which incident light enters and P through
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A Schematic Diaq-RaivN oF

SO* Scattering Instr Ument

Aq. t.
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which the 90" scattered l:.ght exits 3 and. a light trap G. The scattered
l:Lght is collimated by means of two cireular apez'tures s K and L, of 3/1 "
diameter placed 'between the scattering cell E and. ‘the lens d, which fo-
-cuses the l:.ght on the phototubeo The photomultiplier housing I is light
tight andl‘ electrically shield.edg _1t contains an RCA IE2l photomu{l-tiplier '
tube M, & voltage divided résistance network, and a shubter-filter com-
bination Q.- Mounted on the shutter’ are two Baird. int'erference filters -
one for isolating- the 4358§,line_ l(bltie)r, and one for isolating_ the 5451,2

line (green) : . ’

The output o:f.' the- photomu.ltiplier tube, is fed to g ZBeck.man micro-micro- '

ammeter Z, Model RXQE, and. then ‘recorded- on 10 mv, Minneapolis Honeywell
recorder, R. | o
C!ALIBRATION OF “THE 'SCAi'IERING ]Zl\TSTRUM‘EN‘I‘

"An important step in the determination of molecular weights 'by light
scattering is the calibratlon ‘of the scattering :Lnstrument. As will be
shown, success of the method de:peno_.s _-t.ponvt_he accurate determin'ation of
‘the ratio of the. intensity of__the light vscattered at an ;ngle, .‘usually ) |
©90°, to that of the incident light. Since this ratio is of .the order of
1076,. #t is not easy to compare the inte‘nsities clirectly, In practice
one e:.ther uses neutral filters in front of the photomultiplier tube when
monitoring the inc:.dent light to cu.t its 1ntens:Lty $0 a value close to that
of the scattered 1ight or one compares “the l:.ght scattered at 90° :E‘rom

solutiohs w:.th that scattered. at the same angle from & standard. We
have used the latter method w:.th a polished luc:.te block serving as a

stand.ard. '.I'he theory' lS outlinea on ‘the :E‘ollow:.ng pageso
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If ?‘0 is the intensity of light scattered by a unit volume of solution

)

in excess of that scé.ttered‘ by the solvent at a distance r and at an angle

© to the incident light, which is unpolarized and bas an intensity of I,

the turbidity of the solution in excess of the solvent is given by .

o oe [Tlgeefamone
) , . % : Io.

If thé sélute par"cicie's. are small, isotropic, and are dielectrics,
:’Lg in. dilute solutions is given by |

: 2
PR ;19 o(l+cos )

If this is substltuted 1nto equatlon (9) and the integration per-

‘foxrmed, theé :f‘ollow:.ng e:@ressn_on for the turbidlty is obtained.

bol  m 2t %o

in WhiCh R90 = r :"90/ I + Thus ,,"qne, see that the turbidity -« and, conse-
quently, the. molecular weight o:f‘_the solute -- depends upon the determina-
tlon of the ratio of the intensities of the scattered light and the inci- -

dent‘light,._i.e.,” upon 19-0/10. ‘

In practice, one measures & q_uantit:}f G90 which r‘epresents- the differ=

glsolution . solvent
a(standard) - e(Etandard

The g's are instrument re‘é.dings 'ané'l.mare ;proportionél to the intensities of

ence

the light scattered at 90°. 0 and. R9® are related by

G
gll) 390 == kcvan9 o
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The factors: C and c are required to convert a measured G96: ‘into one which
would. have been o'bta:.ned if the volume “seen" by the photomultlpl:.er tube.
had 'been the same as that deflned 'by the apertures betweén the scattern.ng
cell and the detéctor and i:.F' the seattered. J_.ight rays, on leéving the cell, N
had' not spread. Since C e’.ndy_qn are runc’sions -o:f"wthe refr‘active index, :
they will change whenever the solvent and the wavelength are changed.
Therefore, they cannot be incorporated into the instrument constant k.

Carr and Zﬁmn (6) were the first investigators to stress the ,ne'ed.-.for
meking the corrections implied by c and Cyp The procedures Ffollowed in
this work to compute these correct:.on factors will be’ ou‘slmed 'br:.e:t‘ly

‘Consider first the.‘volume correct:.en Cv. Figure 2 is pertinent to

| our discussion. I’c 1s elear from the experimental arrangement that the
photemultiplier tube registers some ~l:_1.ght" scattered from volume elements
outside the "regular" volume (cr’ossha‘oché& in figure‘) defin.ed by the detec-
tor aperatures. - 'Th_e "'ez.cc':ess volume (stippled)in. flgure) varies with the

- solvent used. C_ is defined by

¢ = ___regular volife
v regular volume + exceSs volume
. —5 .

The assumption nade in this relationship is that ‘\_r_oiume é‘lemen‘cs- in the
"e’xcess, volume are on the average only 1/2 as efi‘ective as those ‘in the

’ 1 regular volume as- far as -lsend.:i.ng light to the phbtomul’bipiier‘ tube is

; concerned.s ‘i‘he‘ elements :n 1_:he_‘ regular volume form approximately the same
solid angle with respect popfhé photomﬁ;tiplier-tube, but elements in the
excess volume form smaller ;scati:ering s,olid ang;es which d.ecrease‘ froma

maximm at the r'egular volume - exeess volume bou;;darv o zéro at the




-17-
E-XCcss vol

HncleJdei |

Vo4V M/T CLOHREC-TIO C

F.C -



e, |} | ] 1 -] | e

e e
‘euiter boundary. | | |
| T terms of the dimensions given in figure 2 for the Sca.ttering
WJlmne S : - . C ‘ _ -
O e L _

v o 5m + 18.96 (r * rlr2 * r22)

The radii rl and r2 depend upon the re:f‘ract:.ve index of the scattering
solution and. instnnnental geometry. In the ‘z_lotat:_i.on_ of. :f'ig_gre,‘. 3 r

a,hdraare\givenby c ' fl

= (= + v} & (y % w)ﬂ/ [Sl (n : l) -g-‘hvan'ﬂa]f' i

021‘r:

v, @ M. + yﬂ/ [ ((h? . l) ] hvgnz]'

2T TE

m'l—'

" The values of W, ¥, z, v, and. l :E'or the instrument used, in th:l.s in-
vestigation aré respectively 3/16; lp9/128 1@1/128 9/8 and 5/1 ",

The rei‘ractive index correcta.on C depends both on- the shape of the
scatterivg cell and the. refra.ct:.ve index of the scattering med:.um. Figure'
p L illustrates" this. It represents. & top view of the scattering cell and
the a.:pertures in :E'ront of ‘the :photemultiplier tube, For' purposes of .
clarity, it was not dra.wn t0 sca.le. e :E'lux origlna.ting from & particle
at 0 emd collected by the photometer is in the angle el If there were ho_

refra.ction a.t the cell wall, the photometer would colléct the flux con- '
tained In the angle @ Gorrection :E'a.ctors for spherical cyl:.ndrical
and rectangular cells are. res;pectively 1, 9 /9 s and (9 /Ql) G'arr afd.

zitin (6) ;P:.nd :f‘or the rectangular cell, which was used in the present work,

e, =( /el) i n2[1 . — ] . In our instrume‘nt a & 61/128 and

PN
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. Compubed values of C . and C for various solvents may be’ found in
Table I.

The Instrument constant k was determined through a comparison of the
SQat-ber:h;ig of several solutions of known turbidity with that of the lu-
cite block and substitution of the e:qperimental data into the éxpression

k = 3!['/16::0 c G90

Employed as S'ba.nd.ards were a 0.750!4- molar solution of sucrose in water, a
1/27 solution of po:l.ystyrehe (bb’cained frem Cornell University) in toluene,
and. a 0.03706 molaxr solution of silicotungstlc acld in water. The tur-
'bidn:b:.es of thesé solutions as reported im the lltera.ture (18)(21) (ior as
- computed frém data in the literature (33)) and the cemesponding k's de-
‘teriined with their use are given in Table I. Bach K in the table repre-
sents the average of at least' two separate i'une. The precisidn obtained
is discerni‘le-le from a comparison of the separate results with the siii—
cotungstic acid. For blue Light values of k x 10" found were 1. 7, 1.78,

1.76, .and ‘l ‘8@'. For green l:.ght values i‘ou.nd vere 1. 66, 1.68, 1 67, 1.T1.

Differences between "l;he va.rious averages in the table represeént experi= -
! mental errors not only in the present investigation but also in the origi-—
J | ;xal turbidity deterininations. Im view of the mnn’ber of dl:t’ferent instru,-
' ments and investigators involved and of the relative prim:.tiveness of the
light scattering art, it is felt that the a.greement amohg the average k
values in the table is about as good as one could expect. In the evalu-

. ‘ation of the light scattering data (only blue light used) obtained with the




TABLE I

CALIBRATION OF 90° SCATTERING INSTRUMENT .

0.03706 molar silicotungstic

- gelid

7 Blue Light -(4356R)
Scattering Medium o, c, Coo T K
% Z polystyrene in toluene 2,089 0.4063 1.h11 3;50 x ZLO-‘3 1.7 x 107
Weter 1.6735  0.3945
0.730% molar sucrose 1.7558 ' 0.3972 0.2082 1L8 x 10:t 1.69 x loil}
- : S 3.47 x 10 | i
0.03706 molar silic&tungstic : 2 4 X |
acid 1.7011  0.3953 0.151%  2.42 x 10 1.78 x 10°
]
° Mo
_ Green Light (54614) ‘ _ 5
- Scattering Medium = (}n _ C, C9o C k
197 polystyrene in toluene 2,036  0.05  0.576 °  1.35 x 107 1.70 x-107
Wai-.er 1.6606  0.3940
0.730% molar sucrose 1.7411 0.3968 0;0996 © . 1.41 x 10 t 1.66 x 1o_i |
: 1.36 x 10 1.60 x 10
1.6865  -0.3948 0.0725 0.85 x l'O-_l" 1.68 x 1074
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' surfactants studi_éd in this work, a k value of 1.7 x 107 was used.
DIFFERENTTAL FEFRACTQUETER |

Since the concentr@a.tivéﬁ -gfaqiént of the refractive iné.ex , dn/de;
ocecurs as a sq,uared term in thelli:ght scattering equation, its accurate
detérmination is of considerable importance:

For the ra.nge of concen'bration used in light scattering, the re:f'rac-
- tive :Lndex d:.:f':f'erence between solut:.on and solvent will be in the third
. decimal place. If_ 1t is to be__dej:ermined. to an accuracy of 1 0 s measure -
ments aééui'ate to a,'biout 5x 10-6_az-e necessary. This is"lbest accomplished, |,
in an ;I.pstrm/nent' which méésu;gs the difference directly.

The d.i:ﬁ'fe;t'en’?iai rei‘r.actomeﬁer used in this laboratory is similar to ’
the one described by P. P. .Debye (12). e deflection of a.light beam
passing through a ﬁartitioned _cel_i ‘_'cén“cain_:i.ng'both solvent and solution is
proportional to the difference in the refractive indexes.

Although the tempersture coefficient of the gradient is uswally sma.ll

it is necessary to keep therma.l d:.fferences between solvent a.nd solution to

a minimm,. This was accomplished in the present work by mou;iting ,the eell .

’ in a brass block open only a’g' the. top and -on'-"’che two sidé; perpendicular
to ‘the .1i'ght beém- and. ,'by I;assing wafe‘r continuously frem a thermo;’cat
through five holes in the bI'Lc_;ck_.. The block and cell were housed im a metal
chamber inside the instrument. .
CALTERATTON OF THE DIFFERENTTAL REFRACTOMEER
The d.e'i"lect:i:ops of the light beam proglﬁéed by four solutions of sodium

chloride in water were measured. 'Their ref;'a.ctiire indexes were camputed
i .

I3
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fran Stanmn' (52) tabula.tion for sodium chloride solutioms. The instrument

-censtaqa'b was ‘bhen taken as th_e average of the computed ratios of An and AR,

'm-ere-m 1s the difference in refractive index betveen solution and solveit

a.nd AR is ‘bhe corresponding 1nstrtnnent de:t‘lect:.on as observed with the

:E‘ila.r micrometer eyeplece. Results of the ca.li'brat:.on, are listed in Table

II.
TABLE I
CALTERATTON OF DIFFERENTIAL REFRAGTMTER{

NaCl Molarity ‘Aanx105 . AR . An/AR x 105
0.06829 _ 0.7280 '8‘-."05_ o ou,,
0.11000 - 1.1679 12.92 - 9: 0k
0:14349 1.5197 6.7 9.08.

06 1929‘0 2 ° 0362 ’ 22 » 76 " ) ) 2 m02 »
' | Average  9.0K x 107

EXPERIMENTAL PROCEDURES AND CONDITIONS

In the light scattering portion of fc‘hevinvestigation, solutlons were

filtered d.ireetly__ into the scat_‘l:,er;i.g_g cell under nitrogen bressure through

an ultrafine, fritted Pyrex glass :E‘unnel. A:E‘ter its tur'b:.dity ha.d. 'been

measured, a solu’cion was removed from the cell thr@ugh a gla.ss ca.pillary

~

‘with suct:.on prov:.ded by a water asp:n.rator.,

¥

The uncertaint:.es of an 1ntens:.'by measurement attenda.n'b the use of a

galvanometer whose need.le or spot l:.gh’c is :t‘luctuat:.ng (:possibly 'because

of Browm.an notion and/ or thermal moise) were reduced somewhat in this

work by registering the amplifier @utput on a chart recorder. Scabtered

light intensities were taken as proportional to mean pen positions.

.-
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Réa.dings Wﬂ;’ch ‘the lucite standard in the photometer were sandwiched
'betﬁeen those with solutions in the instrument so that corrections could
be made to compensate for the slow dbcgy ef the intensi'by/ of the incident
1ight source with time.

| In the measurement of the An of a solution, the divided cell of the

’differential refractémeter was :E'irst'. filled with solvent and’ ten readings

‘of the positi‘on of the slit image as seen at the eyepiece were ‘Eaken. The

solvent was ‘then replaced on one side of the cell by the solution (five

rinses W’.Lth solution) and ten rea.dings of the posrb:.on of the dﬁspla.ced

. slitb image were taken. The refractive index difference betweén solutién

and solvent was then ca.l_cule.’ced. from the product of the instrument con~

stant and AR, the difference in the averages of the two sets of readipgs,

i.e.,An=901+x105AR. | | - A
L:T.ght of wavelength 1L358A, as isolated by a Ba:.rd interference filter,

was used in both the scattering and refractive index measurementsr. '
Except for one run at 25° C., DIAB solution turbidities were measured

at 31 % 1° C. "CPB turbidities were meagured at 33 + 1° @. Precipitation

occurred in certain of the CFB s_olu’c:.qns wher_1 the tempera.ture was allowed

Cto fall below 32° C. Refractive index measurenien’cs were made at

32 *o.1° c.

. All glassware was cleaned w:u.th detergen’c and chromic acid clea.n:.ng
sOlﬁtien and rinsed copiously with tap water and with water from a demin-
eralizing columf. Water was pas_;sed through the fritted glassl funnel used in
the filtration of all solutions examined in the photometer until the fil-

trate was neutral to litmus. This ofben took several hours, indicating
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' that the ' from the chromic aci"d solution is tenaciously held on glass.

FD{'PERIMENTAL RESULTS
Figures 5. through 12 present the scatter:mg data, collected in this in-
vestigation- as G90 vs. surfactant _concentra.tion plots. Becanse of the- lack
of sﬁace , some of the experimental points below '-the criticé.l micelle con=<
centra.tions {in the region of the short horizonta.l llnes) have been om:.t-
ted. - _ B
. For the ideal sitnationa ln_;which. ‘no. micelles form until the critical
concentration is reached, in which the mohomer concentration remains con-
stant therea:ﬁter , and 1n yrhich the micelles are monodieperse and do not
change in size with surfa.cta.nt concentr‘a,tion ,» the G90 plete will break
sharply upward at the critical micelle concentratlon. As the-’surfactant\
concentra.tn.on is mcreased, the slope gradually decreases. 'The recipro-
cal of the initial slope at ZET0 micelle concentration or its equlvalent,
‘the :ntercept of the (C - ¢ )/( 90, O) 3( 90 o)) A vs. © e, plot: ‘is desig~
na.ted as I.and is related to the mn.cella.r weight = assumn.ng Zero charge -
oy - .
~ M = 16#kC C /3HI.
A.s can 'be geen in flgures 5 through 12 g numper of the systems are -

far :f'rom 1deal and exhibit marked curvature in the crit:l.cal mlcelle region.

In these .cases, .I values were taken as the reciprocals .of the slopes of the

plots at intermediate concentrations. Micellar weights ccmputed, in this

- manner will possess more uncertainty that if rounding; had not occurred at

- the critical micelle concentrations.

Micellar welghts computed from the above expression are glven in

.
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Tables IIL, IV, \E a.nd VI. Wo comﬁen'bs with respect to some of the en-

-~ tries in ’chese ta‘bles a.re releva,nt at this point. One concerns the sol—-‘
ute species presen'l': when two different counterions appear in solution,
a.nd the other re:f'ers to qualifications gpplying to micellar Weights o'b-
'bained in scme of the runs. ' ‘

In Ithc_)se solutions containing a sodium salt other than NeBr, two
diﬂe’gc_ent‘ anions were available for ade_qrption on the micelle: the bro-
mide ion from the D’I'AB or CPB and i:he an:‘i.on~ X of the sodim salt. Since
it was not possi‘ble to determine 'bhe exact degree of preference shown
by 'bhe micelles for the various anions ’ computations based on three
models were carried out. Two*of the models represent extreme sn.tua’cions :
a.nd cemlm:baions ba.sed upon them should therefore delineate the range of
possi‘ble aggrega‘bion nmnbers. The models considered were: '

T. Micelles which adsorb ‘o.n their surfaces and ettract in'bo their
innned:.a‘be v:u.cinities bromide lons to the exclusion of X anions.

--II. Mlcelles which adsorb on 'bheir suri‘aces and attract inte ‘bheir
imedia'be vicinities X anions to the exclusion of the bromide ‘ioms.

III. Micelles which ‘show equal preference . for bramide ions e.hd X
anions. ’ |
o If S represents either the cation Dmat or the cation CP* and if B

| represents the anion Br~, “the surfadtagjﬁ"femulas correspondiﬁg to. the

: | above’ models are respectively SZB,' '8X, aid. SB Xg, where o

| a = [88)/([s8] + [Wax]) and b = [Wax]/([sH] + [1ex]).

Since molecular weights are camputed in the light scatter:.ng ‘technigque

':f:‘rem data extra,polated to infinite dilu'bion == 88 :E'ar as thé selute
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TABLE TIT

WEIGHTS AND AGGREGATION NUMBERS OF DODECYLTRIMETAEYTAMMONTUM
BROMIDE MICFLIES IN 0.1 MOLAR SALT SOLUTTONS

Supporting  Micellar Weight Aggregation Number
Blectrolyte Model I 'Models IT and TIT Model I Models IT and III-
NaF 8,160  105000.. 26.5 ' 409

NaCl 11,200 11,800 36.3 W7

NaBr 17,400 17,400 - 56.4 56.4
el 16,800 20,500 565 70.6
NaCl03 . 14,100 18,500 b5.7 59.3
NeBrOs 11,800 - 13,100 38.3 36.8
NaT63 10,500 9,160 3k4.0 22.6
NaCHO, 7,440 9,080 2kl 53.2
NaSQW 1,660,000 - 14,000 5,380 4,890

TABIE IV

WEIGHTS AND AGGREGATTON NUMBERS OF DODECYLTRIMETHYLAMMONIUM
BROMIDE MECELIES IN 0.5 MODAR SALT SOLUTIONS

Supporting Micellar Weight ™ Aggregation Number

Electrolyte  Model I Modéls IT and IIT Model I  Models TT end TILI
NaF 9,600 11,360 - © ©  3L.1 O B5.7
NaCl  1k,6000 15,100 47.3 57.2

NaBr 20,200 20,200 . 65.5 Y 65.5
NelNOs 16,700 19,800 she 68.2
, 'Naelo5 - 21,800 28,100 70.7 90.1
NaBros 15,100 19,700 49,0 55.3

NaIOz 11,600 . 10,900 37.6 27.0
NaCHOo . 8,620 9,510 96,0 34.8

NaSCN 2,000,000 1,690,000 - 6,490 5,900
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WEIGHTS AND AGGREGAI[’IOI\T I\IUMBERS OF CE“I'YLPYRE]J\TIUM BROMIDE

MICELLES. IN 0.1 MOLAR SALT. SOLUTIONS

. Bupporting . Micellar Welght . égggegation Number

Electrolyte Model T Models ‘IL and- TIT : Model T Models LI and TILI
' NeF 23,500 27,000 . 6L1 855
NaCl 28,100 28,600 73,1 - 81
NeBr 112,000 . 112,600 291 291
Naifo, 657,000 777,600 - 1,710 2,120
Na0105‘ ' 1,000,000 '1,23@,000 2,606 3,170
NaBrfO5 37,200 37,900 96.8 - 87.6
NaTO; 30,200 28,200 78.6 53.8 -
TABLE VI
MICEIIAR WEIGHTS AND AGGREGATTON NUMBERS IN CHECK SYSTEMS
R - ' Micellar Aggregation
System . Welght. Tumber
DTAB in water at 30° C. . . 16,200 52.5
DEAB in 0.5 molar NaBr at 25° C. e1,ke0 69.1t

DIAGL in 0.5 molar NaCl at 32° @. 14,900 ' 56,7
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particles are cqnce_ar:r_/led == the molarity- of SB, [Slﬂ s, used to calculé,te an
a and b for a run'was‘ taken as the critical micelle concentration. At
the (éri'bical miceilg conc’ent:g'ation fXj »[B] . _Consequent}y, models IT and
I;I should give results vhich do not differ apprecia}bl:;r,-and which are
closer to the actual ,valiie than one based on model I;

- A,s may be noted in T,ables_.IIlI,"ﬁ\?lIYfffand V, some of the computed molecw
ular 'mié;hts are in e:;:ce%s of 100,’006 andthat one -- for D‘I‘AZB in 0.5
molar NaSCN .--= approaches 2,000;000. The systems giving these high val=
ues are visibly turbid and mndovbtedly exhibit dissymuetry, i.e., do |
not scatter l:.ght symmetrically sbout 90°. Dissymmetry arises when the
scattering particles are so _largr\e-(‘have at least one dimension tﬁat (—:;x-
ceeds 1/20th of .‘the wave length ,ofmthe exciting radiation) that they can
not be treated as single dipoles, but must be considered as an array of
dipoles. Iess light is scattered in the backward directi;on\than- in the’
Torward because of interference effects.

Molecular welghts can be corrected for dissymmetry if the extemt of

the dissymmetry is khown. Witlﬁi the instrument used in this investigation,

one is restricted to measurements at 90° amd so no corrections are possi-
ble. Since the light scatiered at 9©.°.:E'®_z" a large particle is less than
what it would be if interference effects were absent, the calculsted
mgleeular we:.ght will be too small. For this, x:e;ason‘the ‘high molecular
weights reported in the tab]_.eis‘ mst be regarded as mimimm values.

In Table VI are g,iven' the results of three determinations carried

out for check purposes. The first,tvo runs listed were made to check the

purity of the DEAB used in the investigation. ILiterature values for the

" A}
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micellar weight of DFAB in water run all the way from 12,200 (34) to
19,200 (36). The turbidity plot corresponding to the 19,200 value shows
maxked curvature in the vieinity of the critical micelle concentration
and may be ignored for tﬁis reasen. ) The_BTAB used obvidusly centained en
impurity. The low va.lue of 12,200 as o‘btained by Tertar indicates that
either his mterial wa.s +the purest examined or that: calibration errors
exist. Because our ma,terial exhi'b:n.ts no turbldity curvature at the erit-
icel micelle concentra.t:[.on and because its critical micelle concentration
agrees with that of Tartar's, we have assumed that its purity was sufv-
:t’icient for the purpose for wh:l,ch we used it.

E['he DPACL run was made to- see lf our procedure of using DTAB with
X produced the same result tha.t Would have been obtained had D!I.‘AX been
available and used.' As ca.n, :be seen from Table IV, the DTAB in the 0.5
molar I\TeCl. run resulted- in a micellar weight of 15 ,ioo and. an aggregabtion
number of 57.2 (models IT end. III) These _velues are invery close agree~-
ment with those obtained in the DFACL in 0.5 molar NeCL run and gliver in
Table VI. The.indica.tion is that our procedure is sound.

Table VIL sumarizes the refractive index work. ZEach emtry in the
'second. column represents the average. of at least three independent deter- |
minations. Gradients for surfactants in the second column refer. to con~-
stant supporting electrolyte mg;lfarit;{é between surfactant solution and sol=-
vent. Within the nmnber of si'gnifi_cent figures reported, these gradients
Wed‘e found to be cencentration :’ifndiependent:.;, The' :gradients in “the
third and fourth column were computed from those in the se._cond by an un-

published method due to Anacker. They refer to constant supporting :
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electrol;yte mola.l:.ty between surfactant’ solution and solvent. Micellar
weights were computed with their use. As can be seen from the table 5
they are dependent on suppqrtin_g electrolyte concentration.

A remark or two may be in order concerrxing the method used to calcu~-
late the An/ c value for a.‘-suri_’s.cta;nt SX, which had not 'been prepared. A
solution of SB and NaX with respective molarities .of s :and X was regs.rded
as containing SX of concentrat:.on s and NaB s /( s + X)X /( 8 + x) of con-
centration x. The difference in refra.ctive index betweeén this solution
and one s molar in i\Ta.Br and (x—s) molar rn NaX when divided.by 5 wasg
taken as An/c for SX. ) :

The H value corresponding to a sur:f‘a.ctant'species SBaX.b was taken as

s
s + xHSB
and SX.

, o . .
+ mHSX where BSB and st are the respective H values of SB

DISCUSSION
For background purposes we shal]_. 'brie‘f_ly review some of the funda-

mentals behind micelle formation. Surfactant ions are partially hydro-
phili¢ ‘ecause of their polar heads and partially hydrophobic-because
of their bydrdécarbon teils. These conflicting natures are satisfied
simultaneoﬁsly in solution through the formation of aggregates, the ionic
heads meking up the surface and_ the paraffin cbains the ipterior, ™ .
this way the polar groups mainte-ir-r- contact w:.th the solvent and hydrc-
carbon tails esca.pe from 1t.

As far as the micelles ‘themselves are concerned, two types of op-

posing forces must be considered: the short range. attractive forces




L | hJ i IR

I

(van-der Waals' forces) between paraffin chains and the long renge repul-
elve forces (coulombic-forces) between polar heads. The fermer are essen=~
tially independent of micelleisize while the latter increase With‘the ag-
gregation number. Initlelly as‘the chains come together the van der Waals'®
forces pfedominate-and the micelles can increase in size. EWentually the
two types of force come into balance and micelle size is stabilized.

Both the shgrt‘range and. the long range forces may be altered and
the equilibrium micelle size shifted., If,~ for example, the hydrocarbon
chain of a surfactant ion is lengthened, the van der Waals! atbractive
-forces will increase. This alteration should lead to an inerease in mi-
celle size. Anacker (l) studied tﬁe series: decyl-, dodecyl-, tetra- .
decyl-, hexadecyltrimethylamonium bromide in. 0.0130 M. KBr. The re-
spective aggregation numbers fbr these eurfactanes.ﬁere determined 1o ‘be
38, 56, 95, and 170, thus - 1n agreement with the prediction.

The Coulomblc forces may be altered by -the addition of inorganlc
salts. Experimentally it has been observed that this action results in
an increase of mlcellar size." The salt reduces the thlckness of a mi~
celle's ioniC'atmoephere and thus screens the action‘of'the charges on
the micellee‘ The electrical wmfk required to bring the polar group of a
surfactant ion from the bo&y of the solution to the surface of the micelle
- is decreased with the result that the equilibrium size of the micelle is
displaeed upwards . '

let us now considerthe results of”the_present lnvestigatien. For
the thfee-sets‘of experiments, the aggregating powers of the éoun%erions

increase in the orders (Model II):
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DB in 0.1 M. NaX: 3 CHO, ™, Br 3,f,m Br,m3 %ngi
mminosmmw ng,mw ﬁF m%,cf,mﬁm%,cm{,myu-
CPB in 0.1 M. NaX: :l:o3 , F, 01 . Bro, , Br , No3 s c105".

Precipitation was caused by 02 02 ’ 'Cl% » and 1.

Colloidal chemists will immediately recognize in these arrangements
a striking s:‘milarity to the lyotropic » Oor Hofmeister. ) series of anions.
According to the quan'b:l.'ba’clve chara.cterlxa'bion of Bruins (5) » the series
follows ‘the order: | '

F,IO P 3, c1-, 013,13:.» NB,Cloh,I,CIvs. E['lzefomate
and acetate .’.LOIlS do not appear in Brulns' list.

The lyotroplc series denotes the ord.er of relatlve ef:f‘ectlveness of.
the anions in 1n:f:'luenc1ng var:n.ous phenotmena » such r;s the swelling of
’ s’cazjch granules, the- gelat;r_qn of sols s ‘che liq_ue:f‘a,c’cion‘ of gels, the ef=
fect of iens on the viscosity of sols, the’ eoaguiatien of sols, and ion
excha.nge with colloidal particles. "I‘he lyotropic se‘ries is -encoutered 'in
str:.ctl;y physical chemical phenomena, such as the solublln.ty o gase_s in
solutions of electrolytes, the ca’ceflys:.sqof chemica.l reactions by ions,
the effects of ions on the surface tension of water, and tl;xe displa;cement
of the temperature of maximum dexsity of water. Since colloide are not
injrolv.'ed‘in theee last examples, the series must be a consequence of the
inhereﬁ'l; properties of the ions "a..nd‘ not af some.peculiarity of the cole
loidal state. Exceptions eften -oecur in viv;he. series. and 'b'hef-order for any
one phenpme{lon may change witix concen_tratie‘ri. -

No completely satisfactory explanation of the series exists. Pauli )

v
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and Valko (25) ascribed the.order to the respective sizes of the anhydrous ‘
ions. Thié e@laﬁétion can not be cerrect; from left to right sizé in- -
creases for the halides but decreases for 103',. Br03', and 0105"’.

Cooper (7) has attempted to show that there is a relationship between
an ion“; pos:ition in the ser‘%e.'s and its free energy of for;pa.‘hion. A num-
ber of exceptions' spoil the q}qr_:_cel_a’cion. The free gnergi'es of Pormation
of complex ions are related to _ﬁrocesses not involved in any of the phe-

nomena being comnsidered, and it is therefore difficult to see how they

could explain the series in any event.

An excellent correlation between tﬁe heat of hydration of an ion and
its position in the lyotropic series exists. Since lyotropic effects
ocecur in nonuaq_ueoﬁs surroundings, hewever, any theory Which deals only
with the interaction of the ioné with the solvent can not be ggnera.l.

| In Veet's opinion (38). . oo lyo’é_r_opig series are caused by different
ionic field streng'.ths,"ﬂ. He supports his view by stressing the fact that

ionization potentials for cations bear a linear relationship to the lyo=

tropic numbers of the cations. Unfortunately not enough eléctron af~

Tinity data are a.va,ila'Ble to test this view with respect to aniomns.

Tt seems likely that the degree of an anion's interaction with water
is an important factor in glete:mining iJr;s relative aggregating power as
far as the present work is conée;:ned._,.-.:,lf no hydration occurred, one |
would predict -that the smaller .”che_s ion ,v'the stronger its adsorption and
the larger the equilibrium size of the micelle. The halide ion sequeﬁce
is in disagreement with this pred.ictién anq hydré.tion effects must there~

fore be significant. According to the ilonic heats of hydration data, F
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weuld be the mostvstrongly hydrated and I~ the least. The Io3 , Brgs-,

Cl0,~ sequence could be. explained__selely-op a size basis. This does not

3
rule out the poeeibility of h;yd:pa'bio.n ef:f'ec’cs » however. For these three
ions the degree of hydration increases with the size and the two factors
_ wc;rk together. According to Rice _‘che_n"IO%z prl'obably~becomee I(OH)6- in
aqueous solution, whereas the BrOB- and CJ.'O; take on at most one moiecule
of water. . . | _

There is strong evidence to' ;i:ndica’ee tha:b the formste ien, wh;i.ch has
a very low aggrega%ing pover, "s_‘qrongly i;;ste;'ac’cs with_mter. Formic acid
has an ionization constant of about 2 x lo'_“LP » Which would indicate that |
the :E'omate ion undergoes a.ppreciabJ:e hydrolysis. ' Since formic acid
molecules are known to dimerize .through hydrogen bonding, :there is the
stroné possibility of 'hydregen bonding with water. | |

The perchlerafce ien as one of t}}e hig_hest aggregating powers of ’_che
ions studied. Because of'ibs re:?.a,tive;ly»la.rge size and symmetrical struc-
ture (tetrahedral), li‘ds degree of hydration is presumably. zero or close
to it: Its relat;f.vely low hydration energy is consistent with this pic-
ture and the €10, ~ can cause_the"preeipitation of DTACLO, and CPC1O),
through adsor_ptlon on the mcellar sur:f'aces, |

Hydration e:f':f'ects can not tell the whole story. TWhenever the ace=-
tate ion is l:.sted in a version.of ’ohe J;y-trepic series it cemes before (17
Its action :L.n causing prec:l._plta,tlon is therefore imexpected. If ~l:he 1yo-
tropic series &s given by Bruins were str::.ctly :E'ollowed the 0104 a.nd I
ions sheuld have exhiblted smaller aggregeting ‘powers than CNS™. This was
not ‘che case. Obnousl_yl other factors than hydration are operating. At
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the present time we can only speculate as to what these might be.

The accomplishments of the investiga.’cio’n may be smmnarizeé. as fol-
lqws;
1. A 90°light scattering instrument was designed, constructed, and
calibrated. o _
2. The tln;rbidit:i_.es__ of solutz.ons of _dngcyltximethylammoniﬁn bré-
mide in 0.1 a.nd. '0.,5 molar solutions of vai-ious supporting electrolytes
(NaCHO,, ToF, N\aci, NeBr; NaIOs, NaBrO;, NaClO,, NaCl0,, end NelNO;) were
x;leasgre,q.. | N _ |
| 3o .The turbidities of solgtiéps o:E‘. cetylpyridinium broinide in 0.1
molgr solutions o:f" various supporting e_lectr_ol;y-l:es (NaF, NaCl, NaBr,
NaT0,, NeBrO;, NaC10;, and NalNO, o

h. Refractive index increments were measured for various solutions

) were measured.

of the two surfactants mgnti_oned- above and used to compute refractive
index éadients of other surfactants di:E‘;E‘ezfing only in the counterion.

5, Micellar weights and aggregation numbers were camputed for
variousassuined solute sPeqies. ' ‘

6. The aggregating powers of the various anioné sw;diedﬂwere Pound. -
to increase ‘i‘n a manner rc;ughly'consis’bent with the lytropic series of
anions. | o
- ’.‘7.2 The possibility that the magnitude of an anion®s aggregaj:ihg

_power is intimately related to its hydration energy was discussed and.
suggested. )
8. The fprioi observations of other workers in ’glie field that added
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salt increases micellar weight aﬁd lowers the critical micelle concen-
tration were confirmed.

9. A mumber of solutions examined were found te be visibly turbid
and to chrtain micelles wi’gh welghts é.pprda,ching-z,ooo,OOO. Thése solu=-
tions provide support for the growing convictien that the Hartley spheri-
cal model for the micelle can net ex;élain all surfactant solutién phe-

nomens
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