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Abstract:
Aqueous solutions of various dodecylalkyl-, dodecyldialkyl- , dodecyltrialkylammonium chlorides and
dodecyltrimethyl-ammonlum halides were examined by light scattering methods in an attempt to gain
further insight into the phenomenon of micelle formation. Molecular weights of micelles formed by
these surface active agents and their critical concentrations were measured. Micelle size was found to
be influenced both by the nature of the gegen ion and the makeup of the substituent groups on the
nitrogen atom. Dodecylmethylammonium chloride micelles (the largest) were found to have a
molecular weight of approximately 74,600 while dodecyltrimethylammonium chloride micelles were
found to have molecular weights in the neighborhood of 9,300. 
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I .  ABSTRACT

Aqueous s o lu t io n s  o f v a rio u s  d o d e c y la lk y l- , d o d e o y ld ia l-  
k y l - ,  dodeoyltrialkylanm ionium  c h lo r id e s  and d o d ec y ltr im e th y l-  
ammonium h a l id e s  were examined by l i g h t  s c a t te r in g  methods in  
an a ttem p t to  g a in  f u r th e r  in s ig h t  in to  th e  phenomenon o f mi­
c e l l e  fo rm a tio n . M olecular w eigh ts of m ic e lle s  formed by th e s e  
s u r fa c e  a c t iv e  agen ts  and t h e i r  c r i t i c a l  c o n c e n tra tio n s  were 
m easured. M ice lle  s i z e  was found to  be in f lu e n c e d  bo th  by th e  
n a tu re  o f th e  gegen io n  and th e  makeup of th e  s u b s t i tu e n t  
groups on th e  n itro g e n  atom. Dodeoylmethylamraonlm  c h lo r id e  
m ic e lle s  ( th e  la r g e s t )  were found to  have a m o lecu lar w eight of 
approx im ately  74,600 w h ile  dodecyltriraethylam m oniim  c h lo r id e  
m ic e lle s  were found to  have m o lecu lar w eights i n  th e  neighbor­
hood o f 9 ,3 0 0 .
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I I .  INTRODUCTION

McBaln (20) In  1915 concluded th a t  c e r ta in  abnormal prop­

e r t i e s  e x h ib ite d  by soaps In  s o lu t io n  cou ld  b e s t  be exp la ined  

by assum ing th a t  th e  lo n g -ch a in  Ions o f th e  soap* came to g e th ­

e r  to  form la rg e  c o l lo id a l  a g g re g a tio n s , which were l a t e r  

term ed m ic e l le s .  S o lu tio n s  o f s u r fa c e  a c t iv e  ag en ts  have been 

s tu d ie d  q u i te  e x te n s iv e ly  by osm otic p re s s u re , u l t r a c e n t r i f u g e ,  

d if fu s io n ,  X -ray , c o n d u c tiv i ty , and l i g h t  s c a t t e r in g  methods 

in  o rd e r  to  determ ine s t r u c tu r e ,  shape, w eigh t, and o th e r 

c h a r a c te r i s t i c s  o f t h e i r  m ic e l le s .  S ince l i g h t  s c a t te r in g  was 

used in  t h i s  in v e s t ig a t io n ,  a b r i e f  review  o f th e  th eo ry  f o l ­

lows ( 2 ,4 ,8 ,9 ) .

The tu r b id i ty  T o f a s c a t te r in g  medium i s  d e fin e d  by

T = - A - J L .
I  dL

I n te g r a t io n  g ives

i  =

I 0 i s  th e  i n t e n s i t y  o f th e  in c id e n t  l i g h t  and I  i s  th e  in te n ­

s i t y  of th e  l i g h t  a f t e r  p a ss in g  th ro u g h  L cm. o f th e  medium.

A ccording to  e lec tro m ag n e tic  th e o ry , th e  in t e n s i t y  of 

l i g h t  s c a t te r e d  from a  sm a ll, i s o l a t e d ,  i s o t r o p ic ,  d i e l e c t r i c

2tMcBain s tu d ie d  compounds l i k e  po tassium  s t e a r a t e ,  which 
i s  p ro p e r ly  d es ig n a te d  a  "so ap ."  However, th e  compounds con­
s id e re d  in  t h i s  s tu d y  should  n o t ,  acco rd in g  to  th e  cowaonly 
accep ted  nom encla tu re , be term ed soaps bu t s h a l l  be r e f e r r e d  
to  th roughou t t h i s  th e s i s  as  "d e te rg e n ts*  o r " s u r f a c ta n ts .*



5

p a r t i c l e —when e x c ite d  by m p o la r lz e d  l i g h t  of in t e n s i t y  I 0-  

I s

, 8  tt* ( 1 +  c os  6  ) CX 

r2 A 4

<X i s  th e  p o l a r i z a b i l i t y  of th e  s c a t te r in g  c e n te r .

A . i s  th e  wave le n g th  of th e  in c id e n t  and s c a t te r e d  l i g h t  " in  

vacuo ."

r  i s  th e  d is ta n c e  from  the  s c a t t e r in g  p a r t i c l e  to  th e  p o in t 

of o b se rv a tio n .

© i s  th e  an g le  between th e  in c id e n t  beam and th e  d i r e c t io n  in  

which th e  s c a t te r in g  i s  observed .

An ex p ress io n  f o r  th e  t u r b id i ty  of an id e a l  gas c o n s is t in g  

o f  n independen t m olecu les ( s c a t te r in g  c e n te rs )  p e r  cubic cen­

tim e te r  can be c a lc u la te d .  C onsider a sm all volume of gas w ith  

th e  shape of a d is k . The fa c e s  o f th e  d isk  a r e  p e rp e n d ic u la r  

to  th e  d i r e c t io n  o f p ro p ag a tio n  o f th e  in c id e n t  l i g h t .  The 

d isk  volume i s  AdL where A i s  f a c e  a re a  and dL i s  d isk  th ic k ­

n e s s .  The in t e n s i t y  I e  of th e  s c a t te r e d  l i g h t  a t  a d is ta n c e  r  

from  th e  d isk  ( r  »  A&), and a t  an an g le  0  w ith  th e  in c id e n t 

beam i s

,  8  T t 4 U  4- c o s 2  6  ) C A 2
I e -  --------------------- I 0HAdL

Vti A 4

Now co n s id e r  a sphere  of r a d iu s  r  w ith  th e  d isk  of gas a t  

i t s  c e n te r  ( r  »  A&) and a sm all zone o f th i s  sp h e re  whose de­

f in in g  p lan es  a re  _L to  th e  a x is  of p ro p ag a tio n  o f th e  in o i -
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den t l i g h t .  IBie an g le  between any ra d iu s  v e c to r  to  th e  zone 

and th e  a x is  of p ro p ag a tio n  of th e  in c id e n t  l i g h t  Is  0  .  The 

w idth  o f th e  zone i s  rd© and i t s  a re a  approx im ately  

2 IT r ^ s in  0  d© • Ih e  energy r a d ia te d  each second through th e  

zone in  th e  form of s c a t te r e d  l i g h t  i s

8 TT4 U  -+- cos2 6  ) < * 2
dB = -------------g- ' --------------- I eHAdLSTT r ^ s i n e  d©

The t o t a l  energy r a d ia te d  each second th rough  th e  sphere  

due to  s c a t t e r in g  of th e  in c id e n t  l i g h t  by th e  gas m olecules 

w ith in  th e  d isk  i s

E =

S
T l n  <X

2
Al dL

—  s in  0 ( I  4- cos2 0  )d 0

8 I T  / 2  TT \  4 2
—  ( — J n ° ( A I «dL

The d ec rease  in  in t e n s i t y ,  d l ,  o f the prim ary  beam, w ith  

i n t e n s i t y  =  I 0, due to  s c a t te r in g  by th e  gas m olecu les in  th e  

d isk  i s  - V a» Hence

T
I  d l 8 TT / 2  TTX
E IS T  —  \ — J

A ccording to  e lec tro m ag n e tic  th eo ry  th e  p o l a r i z a b i l i t y  of 

an id e a l  gas i s  r e l a t e d  to  th e  r e f r a c t iv e  in d ex , j i ,  by

2 ^ ) 8
4 TT2 n 2
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so th a t

T =  tu r b id i t y  o f an Id e a l  gas =
S2TT-S (y -1 )2 

S A 4H

Thus f a r  only s c a t te r in g  from a d i lu t e  gas has been con­

s id e re d , However, th e  a p p l ic a t io n  to  s o lu t io n s  I s  e a s ily  made 

w ith  th e  a id  o f s im p lify in g  assum ptions a lre ad y  proposed, i , e . ,  

th a t  th e  m olecu les a re  I s o t r o p ic ;  th a t  they  a re  sm all compared 

to  A ; th a t  s o lu te  m olecu les a re  randomly d i s t r ib u t e d  in  s o lu ­

t io n  (hence s o lu t io n  i s  very  d i l u t e ) ; and th a t  th e  l ig h t  s c a t ­

te r e d  from  th e  s o lu te  m olecules i s  given as th e  d if fe re n c e  b e­

tween t o t a l  s c a t t e r in g  and l i g h t  s c a t te r e d  from so lv e n t mole­

c u le s ,  The p o l a r i z a b i l i t y ,  <X , i n  t h i s  case  i s  given by*

2 IT b
—

o r / V f - z V
=  ( 2 TT '

'Zi-Z1O] M 
< C /  N

and

2 _  P-o2 1
f ^ - / iO
I C

2

)  *
(A — ......

4 IT 2N2

T h erefo re , f o r  a s o lu t io n  a t lew c o n c e n tra tio n

»3 IT V  ( ^ 4
T =  ----------------------:-------  CM
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where =  r e f r a c t iv e  Index of s o lu t io n ,

J io =  r e f r a c t iv e  index  o f s o lv e n t ,

C =  c o n c e n tra tio n  of s o lu te  in  g . / c o . ,

N =  Avogadro’ s number,

M =  m o lecu lar w el^at o f s o lu te  p a r t i c l e .

An ex p ress io n  more a c c u ra te  a t  h ig h e r  c o n c e n tra tio n s  was 

d eriv ed  by E in s te in . He was a b le  to  r e l a t e  osm otic p re ssu re  

p  and tu r b id i ty  Ti

=■ >■*=w  ( * )

For most s o lu t io n s  • i s  p r a c t i c a l l y  c o n s ta n t a t  lew con-yC
U-U0

c e n tr a t io n ,  and can be re p la c e d  by — . A g en e ra l ex p ress io n

f o r  th e  osm otic p re s su re  in  term s o f c o n c e n tra tio n  i s  a power 

s e r ie s  expansion in  term s of C$

- P -  =  I  +  BC -h CC2 +  DC3 +  ..............
RTC H

where B i s  c a l le d  th e  in te r a c t io n  c o n s ta n t and i s  a fu n c tio n  ©f 

th e  so lv e n t and s o lu te  p a i r ,  b u t i s  Independent o f th e  molecu­

l a r  w eight of th e  s o lu te .  Only th e  B term  need be considered  

in  d i lu t e  s o lu t io n .  Hence

•"1 ( --P- — — +  2BC
ac \  RT /  M

and E = I 4-S-BC
I  H
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where 2

^  M t r jV 08 (

SN A4
Vihen HC/T I s p lo t t e d  a g a in s t  C, a s t r a ig h t  l i n e  i s  u s u a lly  

o b ta in ed  where M, th e  m olecu lar w eig h t. I s  equal to  the  r e c ip ­

ro c a l  o f th e  HC/T in t e r c e p t .  For p a r t i c l e s  e x h ib it in g  a n ! s o t-
ft

ropy a d e p o la r iz a t io n  c o r r e c t io n  must be made, Debye and o th ­

e rs  have developed fo rm ulas from which shape o f p a r t i c l e s  w ith  

dim ensions g r e a te r  th an  l /2 0  A can be determ ined by m easuring 

th e  an g u la r dissym m etry of th e  s c a t te r e d  l i g h t .

She purpose of th is  in v e s t ig a t io n  was to  determ ine molecu­

l a r  w eights of m ic e lle s  of s e v e ra l  s e r ie s  o f d e te rg e n ts  in  th e  

hope th a t  a c o r r e la t io n  of th e  d a ta  m ight re v e a l in fo rm atio n  

con cern in g  th e  s t r u c tu r e  of th e  c a t io n ic  m ic e l le s ,  A survey of 

th e  l i t e r a t u r e  shows th a t  much d isagreem ent e x i s t s  among in v e s ­

t i g a to r s  re g a rd in g  m ic e lle  shape and s iz e .  H a rtle y  supported  

th e  view th a t  only  s p h e r ic a l  m ic e lle s  a re  l i k e ly  (1 3 ) , MoBain 

(19) has c i t e d  ev idence f o r  two m ic e lle  s t r u c tu r e s ,  s p h e r ic a l 

and la m e l la r .  He a ls o  g ives evidence th a t  some m ic e lle s  con­

t a in  th ic k  la y e r s  of Im m obilized w a te r . A rev iew  o f m ic e lle  

l i t e r a t u r e  may be found in  a r e c e n t  paper (1949) by Debye (5 ) .

L igh t s c a t t e r in g  methods have proven v a lu a b le  in  s tu d ie s

ft
I f  a s c a t t e r in g  p a r t i c l e  i s  i s o t r o p ic  th e  l i g h t  s c a t te r e d  

a t  90® i s  l i n e a r ly  p o la r iz e d . I f  d e p o la r iz a tio n  i s  observed i t  
means th a t  th e  p a r t i c l e s  a re  no t I s o t r o p ic .  Cabannes and Debye 
have in d ic a te d  th e  a p p ro p r ia te  c o r r e c t io n  to  be made.
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In v o lv in g  la rg e  m o lecu les . I f  th e  s o lu t io n  c o n ta in s  p a r t i c l e s  

o f d i f f e r e n t  w e ig h ts , l i g h t  s c a t t e r in g  g ives a w eig h t-av erag e  

m o lecu lar w e ig h t. In  th e  p re s e n t in v e s t ig a t io n  q u a te rn a ry  am­

monium s a l t s  were u sed . Mo co m p lica tio n s  because of h y d ro ly s is  

were a p p a re n t. In  a l l  cases  th e  in t e n s i t y  of th e  s c a t te re d  

l i g h t  was m easured. T ransm ission  d a ta  have been  used by some 

I n v e s t ig a to r s .

C om paratively l i t t l e  work has been done concern ing  m ic e lle  

s t r u c tu r e  of q u a te rn a ry  ammonium s a l t s .  Bodecylammonium ch lo ­

r id e  and s e v e ra l  a lk y l trlm e th y laam o n iw  brom ides have re c e iv e d  

n e a r ly  a l l  th e  a t te n t io n  ( 5 ,6 ) .  S o lu tio n s  o f th e s e  s a l t s  show 

ab ru p t changes in  tu r b id i ty  a t  th e  c r i t i c a l  c o n c e n tra tio n  ( th e  

p o in t  a t  which m ic e lle s  b eg in  to  form in  r e l a t i v e l y  g re a t num­

b e rs )  . When in o rg a n ic  s a l t s  were added c o n ta in in g  th e  an ion  in  

common w ith  th a t  of th e  d e te rg e n t,  th e  c r i t i c a l  c o n c e n tra tio n  

dec reased  and th e  m olecu lar w eight o f th e  m ic e lle s  in c re a se d . 

The k in d  or charge of th e  c a t io n  o f th e  added In o rg an ic  s a l t  

appeared  in c o n s e q u e n tia l .  T h is , of co u rse , i s  n o t  s u rp r is in g  

s in c e  p o s i t iv e ly  charged  p a r t i c l e s  would be r e p e l le d  from th e  

m ic e lle  w h ile  th e  anion  would be a t t r a c t e d .  These experim en ta l 

r e s u l t s  a re  In  agreem ent w ith  th e o r e t i c a l  e x p e c ta tio n s  s in c e  

th e  f r e e  energy of fo rm ation  of th e  m ic e lle  would be decreased  

by th e  p resen ce  of gegen io n s , i . e . ,  le s s  work would be r e ­

q u ire d  to  b r in g  long  ch a in  io n s  to g e th e r .  lHie e f f e c t  w ith in  

l im i t s  becomes more pronounced w ith  f u r th e r  in o rg a n ic  s a l t  ad­
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d i t i o n .

A ccording to  th e  l i t e r a t u r e  c i t e d  above, d e te rg e n t Iona 

a re  h e ld  to g e th e r  In  th e  m ic e lle  by van der W aal’s fo rc e s  be­

tween n e ig h b o rin g  hydrocarbon c h a in s . The m ic e lle  s iz e  I s  lim ­

i t e d  by th e  re p u ls io n  o f th e  p o s i t iv e ly  charged monomer h ead s . 

The m ic e l le  shou ld  In c re a s e  In  s iz e  up to  th e  p o in t  where th e  

energy l ib e r a te d  by th e  system , when long  ch a in s  come to g e th e r .  

I s  b a lan ced  by th e  work re q u ire d  to  overcome r e p u ls iv e  fo rc e s  

between th e  p o la r  h e a d s . Debye (5) and o th e rs  have co n s id e red  

q u a n t i t a t iv e ly  th e  e n e rg e tic s  o f a m ic e lle  system , and have 

shown th a t  a m ic e lle  w ith  hydrocarbon ch a in s  a l ig n e d  and th e  

p o la r  ends o r ie n te d  tow ard th e  w ate r phase I s  f e a s ib l e .  A va­

r i e t y  of c o n f ig u ra tio n s  f o r  such an ag g reg a te  I s  p o s s ib le ;  th e  

most p ro b ab le  In c lu d e  a sp h ere  In  which hydrocarbon t a i l s  occu­

py th e  i n t e r i o r ,  a d isk  sandwich two m olecu les th ic k ,  and a ro d  

o f c i r c u l a r  c r o s s - s e c t io n  and a r a d iu s  equal to  th e  le n g th  of 

th e  o rg an ic  Io n .

Hydrocarbon ch a in s  of tw elve  carbons were s e le c te d  In  t h i s  

study  because p rev io u s  work (3) w ith  a s e r ie s  of alkylammonium 

brom ides in d ic a te d  th a t  good r e s u l t s  cou ld  be expected  w ith  

them*



12

I I I .  PREPARATION OP DETERGENTS (17)

The compounds o f  t h i s  s tu d y  com prise fo u r  s e r i e s  w ith  gen

o ra l  fo rm u lae :

Ci 2-N-Hw C Im

A
c I 2-N-Rw C iw  cI 3-N-Rw O iw

R k

( I ) ( I I )  ( I I I )

CH3

012-” " CH5 H")X<" )
OH3

(IV)

where R =  hydrogen ( in  ( I )  o n ly ) , m ethy l, e th y l ,  n -p ro p y l, or

n -b u ty l and X =  io d id e ,  brom ide, o r c h lo r id e .

I .  S e r ie s  ( I )

The main r e a c t io n s  f o r  p re p a ra t io n  a re :

^12“ ®**

H
c Ig-N-H Br [ l]

&

H
C i g - N - R ^ S r ^ i -  K O R cI 2-N-H +  +  B r(" i-  HgO [2]

R R

0 -N-H -h HCl 
12 I 

R

H
i W  ( - )

------ w- C -N-H Cl [5]
12 I

R

The g en e ra l p rocedu re  f o r  p re p a ra t io n  o f t h i s  s e r ie s  went 

as  fo llo w s . Dedecyl brom ide, a lk y l  amine, and e th y l a lco h o l



13

( a b s o lu te ) , in  th e  mole r a t i o  o f 1 *2 :3 , were heated. 12-16 hours 

i n  a se a le d  g la s s  tu b e  a t  130o-140° c e n tig ra d e . I t  i s  impor­

t a n t  to  have enough e th y l a lco h o l p re s e n t so th a t  fo ra a t io n  o f 

a dodecylalkylam m onl 13» brom ide p r e c i p i t a t e ,  which m ight decom­

pose a t  t h i s  te m p era tu re , i s  p rev en ted . A fte r  th e  m ix tu re  had 

been h e a te d , e th y l e th e r  was added. This caused  th e  d o d ec y la l-  

kyI ammonium brom ide to  c r y s t a l l i z e  o u t o f s o lu t io n .  The e th e r  

m ix tu re  was f i l t e r e d  and th e  c r y s t a l l i n e  p r e c i p i t a t e  c o l le c te d .  

The p r e c i p i t a t e  was th en  d is s o lv e d  in  e th y l a lc o h o l .  Concen­

t r a t e d  po tassium  h y d ro x id e , whan added to  th e  a lc o h o lic  so lu ­

t io n ,  produced two im m isc ib le  la y e r s .  The amine la y e r  was sep­

a ra te d  from  th e  aqueous la y e r ,  d r ie d  over sodium, and vacuum 

d i s t i l l e d .  The f r a c t i o n  o f th e  d i s t i l l a t e  c o n ta in in g  th e  do- 

decy la lky lam ine  was c o l le c te d .  The amines were c o lo r le s s ,  

o d o rle s s  l iq u id s .  H ydroch loric  a c id  in  o n e -h a lf  mole excess 

was added to  a lc o h o lic  s o lu t io n s  of th e  amines to  g ive  th e  do- 

decylalkylaam onium  c h lo r id e s .  Repeated p r e c ip i t a t io n  and s o l ­

v a tio n  w ith  e th y l e th e r  and e th y l a lco h o l r e s p e c t iv e ly  gave 

w h ite , f la k y  c r y s ta l s  of th e  n e c e ssa ry  p u r i ty .  B efore s to r in g  

over PgO^, th e  d e te rg e n ts  were vacuum d e s ic c a te d .

However, th e  y i e ld  was d im in ished  because of th e  s id e  r e ­

a c t !  ons *

H
I

C1 o-H-H
k

( + )  ( - )Br H ( - )
H
I

C12-N-R [4]
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C12

H
I

-N-R -h C12

H
I (+) ( - )

[5 ]

The produce o f r e a c t io n  I5] i s  e a s i ly  se p a ra te d  from th e  

m onododecylalkyl amine "because of th e  g re a t d if fe re n c e  in  b o i l ­

in g  p o in ts • No a ttem p t was made to  p rep a re  th e  didodecylam ine 

c h lo r id e  s a l t s .

Dodecyl bromide was p re fe r re d  as a s t a r t i n g  m a te r ia l  to  

dodecyl io d id e  because of expense, and p re fe r re d  to  dodecyl 

c h lo r id e  because th e  r e a c t io n  r a t e  c o n s ta n t f o r  r e a c t io n  [ l ]  

was found to  in c re a s e  w ith  in c re a s in g  m o lecu lar w eigh t of do­

d ecy l h a l id e .  P rolonged h e a tin g  in c re a se d  th e  y ie ld  of th e  d l -  

dodecyl s a l t ,  and co rre sp o n d in g ly  d ecreased  th e  monododecyl 

s a l t  y ie ld .  An In c re a s e  in  tem p era tu re  over a long  p e rio d  of 

tim e caused  decom position . However, a  good y ie ld  cou ld  be ob­

ta in e d  w ith  very  l i t t l e  decom position by h e a tin g  th e  r e a c ta n ts  

in  a c lo se d  tu b e  from  one to  two hou rs a t  190o-200°C .

2 . S e r ie s  ( I I )

The main r e a c t io n s  ( I )  f o r  p re p a ra t io n  and g en e ra l e x p e ri­

m ental p rocedu re  a re  s im ila r  to  th o se  f o r  S e r ie s  ( I ) .  However, 

th e  o ccu rrence  of a s id e  r e a c t io n  co rresp o n d in g  to  r e a c t io n  [5 ] 

to  form  a t r ia lk y ld o d e c y l  s a l t  i s  n o t so l i k e l y .  T herefo re , 

th e  s t a r t i n g  m a te r ia ls  were u s u a lly  h ea ted  from 180°-190®C. In  

a c lo se d  tu b e  f o r  fo u r  to  f iv e  h o u rs . E thyl a lc o h o l (a b so lu te )
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was xised as s o lv e n t• Bnoxi t̂x e th y l a lco h o l must toe p re se n t to  

p rev en t any c r y s t a l l i z a t i o n ,  s in c e  decom position would occur a t  

h ig h  te m p e ra tu re s . I f  c r y s t a l l i z a t i o n  cannot be p r a c t i c a l ly  

p rev en ted , o r  I f  decom position occurs in  s o lu t io n ,  then  th e  r e ­

a c t io n  shou ld  be c a r r ie d  out a t  a tem p era tu re  below th e  decom­

p o s i t io n  p o in t of th e  d e s ire d  prodxict. However, a t  lower tem­

p e ra tu re s  th e  r e a c t io n  r a t e  i s  axich slow er.

In  p re p a r in g  th e  compoxaxds o f t h i s  s e r i e s ,  in  d i s t in c t io n  

to  th o se  o f  S e r ie s  ( I ) ,  excess dedecy l brom ide (a s  w ell as ex­

ce ss  d ia lk y l  amine) cou ld  be e lim in a ted  e a s i ly  In  th e  vacuum 

d i s t i l l a t i o n .  A lso , th e  compounds of S e r ie s  ( I )  were more eas­

i l y  p u r i f i e d  th an  d o d ecy ld ip ro p y l- and dodecyldibutylamm onliaa 

c h lo r id e .  In  f a c t ,  th e  l a t t e r  two d e te rg e n ts  co u ld  n o t be su f­

f i c i e n t l y  p u r i f i e d  to  j u s t i f y  s tu d y  by l i g h t  s c a t t e r in g  meth­

ods. A lthough th e  a p p a re n tly  p u re  amines were p rep a red , i t  i s  

tho u g h t decom position  oeoxarred due to  th e  h ig h  tem p era tu re  a t  

which th e  c lo se d  tube r e a c t io n  was c a r r ie d  o u t. I t  i s  f e l t  

t h a t  th e  d l f f I c x il t le s  cou ld  have been overcome by p re p a ra tio n  

a t  low er tem peratx ires.

5 . S e r ie s  ( I I I )

The main r e a c t io n  i s :

c I 2-G! -MIR3
R

Ci2 -N-R w O it - 1 te l

The d e te rg e n ts  o f t h i s  s e r ie s  were e a s i ly  p rep a red  by mix-



16

Ing  SbOH ( a b s o lu te ) , dodecyl c h lo r id e ,  and t r l a l k y l  amine In  

th e  mole r a t i o  2:1*2# The tr lm e th y l s a l t  (23) was o b ta in ed  by 

r e f lu x in g  a p p ro p r ia te  re a g e n ts  f o r  two hours In  a d ry - ic e  

co o led  system# Refltoclng f o r  a week produced very  l i t t l e  do- 

d e c y l t r l e th y l or d o d e o y ltr lp ro p y l s a l t#  Yet h e a tin g  th e  re a ­

g en ts  In  a c lo se d  tu b e  f o r  one hour a t  160o-170°C# or f o r  24-28 

hours a t  QO0-IOO0C, gave alm ost q u a n t i ta t iv e  y i e ld s .  S ince th e  

end p ro d u c t of r e a c t io n  [ 6 j  I s  th e  d e s ire d  s a l t ,  th e  c lo sed  

tu b e  m ix tu re  was d i r e c t l y  p u r i f i e d .  C r y s ta l l i z a t io n  occurred  

when e th y l e th e r  was added to  th e  a lc o h o lic  m ix tu re . A check 

on p u r i ty  a t  t h i s  p o in t  re v e a le d  a p roduct of on ly  s l i g h t  con­

ta m in a tio n . Subsequm t p u r i f i c a t io n  o f th e  t r i a l k y l  ammonium 

s a l t s  w ith  e th y l a lc o h o l and e th e r ,  a lco h o l and benzene, or 

e th y l a c e ta te  and dry  i c e  r e s u l t e d  In  c o n s id e ra b le  decomposi­

t i o n .  F in a l ly ,  th e  t r i e t h y l  s a l t  was p u r i f i e d  on ly  a f t e r  sev­

e r a l  c a re fu l  r e c r y s t a l l i z a t i o n s  w herein  th e  tem p era tu re  never 

exceeded f i f t y  d e g re e s . The p u r i f i c a t io n  of th e  t r l p ropyl and 

t r i b u t y l  s a l t s  was no t com pleted because th e s e  compounds were 

found to  be to o  In s o lu b le  In  w ater f o r  l i g h t  s c a t te r in g  work.

An a ttem p t to  p rep a re  tr le th y ld o d e c y !ammonium c h lo r id e  a c ­

co rd in g  to  th e  method o f K ra ft (18) f o r  dodecyltrlethylam m onium  

io d id e  was u n su c c e s s fu l . The r e a c t io n .

CHgCH3

C12-N +  CH3CH2Cl 
OH2OH3

O y n 3 ^

Ci2-H-CH2CH3
OH2CH3

Cl
( - )

173
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d id  n o t occur to  g re a t  ex ten t#  This f u r th e r  I l l u s t r a t e s  th e  

r e l a t i v e  r e a c t i v i t y  betw een a lk y l c h lo r id e s ,  b rom ides, and io ­

d id es  s in c e  a lk y l io d id e s  seem to  r e a c t  e a s i ly .  Probably th e  

dod e c y l t r lp ropy l and dod ecy lt r i b u t y l  s a l t s  cou ld  have been pu­

r i f i e d  by very  c a r e fu l  r e c r y s ta l l l z a t lo n a  a t  low tem p era tu re .

A p o s s ib le  decom position  r e a c t io n  cou ld  be*

R
I ( + ) < - >Ci2-H-R Cl

H

C10-C "

R
I (+ ) ( - )

CH2 4- HH-R Cl

R
[81

An o n io n - lik e  odor, c h a r a c t e r i s t i c  of a lk e n e s , was n o tic e d  

in  some c a s e s , v i z . ,  t r lp r o p y l ,  d ib u ty l ,  d ip ro p y l. A lso, th e  

p e r  c e n t c h lo r id e  in c re a se d  w ith  each c r y s t a l l i z a t i o n ,  th e reb y  

in d ic a t in g  decom position .

4 . S e r ie s  (IV)

E ith e r  dodecyltrim ethylam m onium  brom ide o r d o d ecy ltr im e th - 

ylamaonlum c h lo r id e  was d is so lv e d  in  90 p e r c e n t e th y l a lc o h o l, 

t r e a te d  w ith  m oist Ag2O In  s l i g h t  mole eq u iv a le n t ex cess . The 

r e s u l t in g  m ix tu re  was s t i r r e d  I n te r m i t te n t ly  over a tw o-hour 

p e r io d  and f i l t e r e d  th rough  a s in te r e d  g la s s ,  f i n e  f i l t e r  to  

g e t r i d  of AgBr* The f i l t r a t e  was n e u t r a l iz e d  w ith  th e  d e s ire d  

a c id , l . e . ,  HCl o r HI, end ev ap o ra ted . O r ig in a lly  tr lm e th y ld o -  

decylammoniua brom ide and c h lo r id e  were made and p u r i f ie d  by 

th e  methods given under S e r ie s  ( I I I ) .  Hence, th e  c h lo r id e  s a l t  

was produced by two independen t m ethods. Only th e  c h lo rid e  

s a l t  e x h ib ite d  o b se rv ab le  d e liq u esc en c e .
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5 . General Remarks

Halogen d e te rm in a tio n  In  a l l  c a ses  o ffe re d  th e  most conven­

i e n t  method f o r  d e te rm in in g  p u r i ty .  A m odified  V olhard proce­

dure was developed . A sample o f d e te rg e n t ,  e q u iv a le n t to  15 to  

25 c c . CXlNAgMOy was weighed o u t .  10-15 c c . of w a te r , 3-5 o c . 

o f d i lu t e  HNOg, and s u f f i c i e n t  BtOH to  produce a c l e a r  s o lu t io n  

(u s u a lly  5-10 c c .)  were added. A fte r  a 3-5 c c . excess of 

AgN03> f e r r i c  ammonium s u l f a t e  in d ic a to r ,  and 10-15 c c . of n i ­

tro b en zen e  were added, th e  s o lu t io n  was mixed v ig o ro u s ly  to  e f ­

f e c t  a d so rp tio n  o f n itro b en z en e  by AgCl, Then KSCN was t i t r a t ­

ed in to  th e  m ix tu re  to  th e  f i r s t  p e rc e p tib le  c o lo r  change 

( c le a r  to  f a i n t  o ran g e )• With t h i s  method no foam ing o ccu rs , 

n itro b en z en e  i s  n o t e m u ls if ie d , and th e  end p o in t i s  sharp  and 

s t a b l e .  A lso , f a r  l e s s  tim e i s  re q u ire d  fo r  an a n a ly s is  than  

w ith  methods u s in g  g rav im e tr ic  a n a ly s i s .  For brom ide and io ­

d id e  s a l t s ,  n itro b en z en e  i s  n o t needed.

Dodecylammoniurn c h lo r id e  was o b ta in ed  by t r e a t i n g  dodecyl 

amine w ith  c o n c e n tra te d  h y d ro ch lo ric  a c id  acco rd in g  to  th e  

method of R a ls to n  and H oerr (2 2 ) .

D etergen ts in s o lu b le  in  w ater a t  room tem p era tu re  were 

c r y s t a l l i z e d  from  BtOH by th e  a d d i t io n  of HgO as w e ll as e th e r .  

A ll were d r ie d  over b e fo re  p h y s ic a l c o n s ta n ts  were meas­

u red . R e su lts  a re  ta b u la te d  in  Table I .  M elting  p o in ts  were 

obscured  by decom position , b u t th e  decom position p o in ts  were 

re p ro d u c ib le  w ith in  "LV0C. Only th o se  K ra ft p o in ts  above 30®C.



TABLE I
P h y s ica l C onstan ts of S y n th esized  Prodiac ts  and Ileagen ts

P res- Deoom-
% Halo- B o ilin g su re p e a l- K ra ft

COKPOIE D % H alo- gen, ex- P o in t in  mm. tio n P o in t
g e n .th e - p e r i - in  De- o f Her- P t .  in in
o r e t i e a l m ental g rees  C. eury °±76C. °C.

I • Dodecyl c h lo r id e 134-136 15
2*Dedecylafflmonltna c h lo r id e 16.06 16.03 139
3 . DodecyltrlmethylaBian c h i o r . 13.47 13.51 151
4. D edecyldlethylamm. c h lo r id e 12.83 12.81 73
5 . D odecylaethylaina. c h lo r ld e 15.07 15.09 82
S.D odecylethylanm . c h lo r id e 14.23 14.26 99 35
7 . Dedecylpropylafflm. c h lo r id e 13.47 33 .50 87 45
8 . DodecyIbutylam m. c h lo r id e 12.79 12.77 92 65
9 . D odecyltrlm ethylam m ehraelde 12.95 12.92 147

1 0 .Dodecyltrlm ethylarara. Io d id e 35.76 35.72 125 43
11. D edecylaethyl amine 113-116 7-8
12 . D edecylethyl amine 121-124 5or e r

142-144 15
13. D odecylpropyl amine 146-149 11-12
14. D odecylhutyl amine 155-156 10-11
15. D odeoyldiaethyl amine 124-127 6-10
1 6 .D odecyldle th y l amine 132-134 5-7
1 7 .D odecyldlpropyl amine 164-167 11-12
18. D odecyld lhu ty l amine 170-172 6-9

—

are recorded
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6» Reagento

P u r i ty  and n o t y ie ld  was th e  main c r i t e r i o n  in  p rep a rin g  

th e  d e te rg e n ts .  Dodecyl c h lo r id e  was p rep ared  from dodecyl 

a lco h o l u s in g  Lucas R eagont. Y ie ld  was 65 p e r c e n t th e o r e t i ­

c a l .  Dodecyl bromide and some dodecyl c h lo r id e  were o b ta in ed  

from  Columbia Chemical Company and were f r a c t io n a l ly  d i s t i l l e d  

u sin g  a column o f 25 th e o r e t ic a l  p la te s  and a r e f lu x  r a t i o  of 

l:2 5 e  Dodecyl c h lo r id e  f r a c t io n s  were c o l le c te d  a t  134-136°C. 

a t  15 am, of m ercury, and dodecyl bromide f r a c t io n s  a t  147- 

149°C. a t  15 mm. o f m ercury,

The amines (b e s t  grade Eastman Kodak) were d i s t i l l e d  or 

vacuum d i s t i l l e d  depending on b o i l in g  p o in ts .  M ethyl, dim eth­

y l ,  and e th y l amine were o b ta in ed  as aqueous s o lu t io n s .  They 

were e a s i ly  se p a ra te d  from th e  EgO by d i s t i l l a t i o n  in to  a tube 

coo led  by dry i c e .  However, th e  40 per cen t aqueous methyl 

amine s o lu t io n ,  when added d i r e c t ly  to  th e  dodecyl am ine-alco­

h o l m ix tu re  and m a in ta in ed  a t  225°C. i n  a c lo sed  tu b e , gave a 

good y ie ld  of dodecyl m ethyl am ine.

The a b so lu te  a lco h o l and DSP e th e r  were f r e s h ly  d i s t i l l e d  

b e fo re  u se . Dodecyl amine (b e s t grade M atheson), h y d ro ch lo ric  

a c id , h y d rlo d ic  a c id , and h y d ro f lu o r ic  a c id , a l l  TJSP, were n o t 

f u r th e r  p u r i f i e d .  Bureau o f S tandards sucrose  (S tandard  Sample 

17) was no t f u r th e r  p u r i f i e d .  R affanose p en tah y d ra te  d (+ ), CP, 

was o b ta in ed  from th e  P fa n s t ie h l  Chemical Company and f u r th e r  

p u r i f i e d  by s e v e ra l  r e c r y s t a l l i z a t i o n s  from f r e s h ,  d o u b ly -d ls -
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t i l l e d  w ater to  e lim in a te  su c ro se  (16 )• The p u r i f ie d  ra f fa n o se  

p en tah y d ra te  was d r ie d  a t  75®C# under m oderate vacuus.



22

I V .  APPARATUS

A d e ta i le d  d e s c r ip t io n  o f a s im ila r  l i g h t  s c a t te r in g  i n ­

strum ent has been given elsew here ( 6)« The e s s e n t i a l  f e a tu re s  

o f th i s  sim ple f lu o r im e te r  type in s tru m en t a re  i l l u s t r a t e d  in  

F ig u re  I ,  The l i g h t  source i s  a 100 w a tt , low p re s s u re  m ercury 

a rc  {QKAH-4). A b a l l a s t  lamp se rv e s  to  s t a b i l i z e  th e  ou tpu t 

of th e  so u rce . The in c id e n t  l i g h t  p asses  th rough  a le n s  system ,

which produces a p a r a l l e l  beam, and a monochromatizing  f i l t e r
e

(4358 A) b e fo re  e n te r in g  th e  re c ta n g u la r  s c a t te r in g  c e l l .  L ig h t  

s c a t te r e d  p e rp e n d ic u la r  to  th e  prim ary  beam i s  r e f le c te d  by a 

m irro r  to  a m u l t ip l ie r  photo tu b e  (RCA 1P21), The in te n s i t y  of 

th e  s c a t te r e d  beam i s  p ro p o r tio n a l to  th e  d e f le c t io n  of the  

n e e d le  of a s e n s i t iv e  galvanom eter connected d i r e c t ly  to  th e  

m u l t ip l ie r  photo tu b e . Because o f th e  h igh  s e n s i t i v i t y  of th e  

1P21, l i g h t  s h ie ld in g  i s  e s s e n t i a l .  Hence, th e  pathway from 

th e  m irro r  to  th e  1P21 i s  r e g u la te d  by a s h u t t e r .  The e n t i r e  

chamber c o n ta in in g  th e  c e l l  l a  b lackened  to  keep r e f le c t io n s  a t  

a minimum. A l i g h t  t r a p  p rev en ts  th e  tra n sm itte d  l ig h t  from 

cau sin g  sp u rio u s  re a d in g s . A t i g h t - f i t t i n g  l i d ,  form ing th e  

top  o f the in s tru m e n t, p ro v id es access  to th e  chamber. A s in g le  

c e l l  o f fu sed  pyrex g la s s ,  approx im ately  7& cm, h ig h  and of 

sq u are  c ro s s - s e c t io n  about 3 .6  s q . cm ., was used f o r  so lu tio n  

in v e s t ig a t io n s .

The most p r a c t i c a l  v o ltag e  f o r  o p e ra tio n  was about 90-100 

v o l t s  per dynode s ta g e  of the  1P21 tu b e . At t h i s  v o lta g e , sen -
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s i t i v l t y  i s  s u f f i c i e n t  t© m inim ize e r ro r  in  galvanom eter re ad ­

in g s , y e t  n o t so g re a t  as  to  cause  n o tic e a b le  photo tube d e te ­

r io r a t io n  w ith  tim e o r to  d im in ish  s t a b i l i t y  of re a d in g s . At 

any v o lta g e , s e n s i t i v i t y  w i l l  d ec rease  somewhat d u rin g  th e  du­

r a t io n  ( u su a lly  about two h o u rs ) of o p e ra tio n . However, th e  

i n i t i a l  s e n s i t i v i t y  i s  reg a in ed  when th e  in s tru m en t i s  no t used 

f o r  about f iv e  h o u rs . Before each t r i a l ,  when u sin g  th e  s ta n d ­

a rd , th e  n eed le  d e f le c t io n  o f th e  galvanom eter was always ap­

p ro x im ate ly  35 p e r  c e n t of the  f u l l  s c a le  re a d in g . The power 

supply  c i r c u i t  f o r  th e  photo tube  i s  th a t  recommended by RCA.

I t  employs a fu ll-w a v e  r e c t i f i e r  w ith  v o ltag e  d iv id e r  fo r  sup­

p ly in g  DC v o lta g e s  to  th e  1P21 In  a p p l ic a t io n s  c r i t i c a l  as to  

hum m odu la tion .

R e fra c tiv e  index  r e la t io n s  were co n v en ien tly  determ ined 

w ith  a d i f f e r e n t i a l  re f ra c to m e te r  (8) sc h e m a tic a lly  shown in  

F ig u re  2 (no t drawn to  s c a le ) .  The l ig h t  beam, o r ig in a t in g  

from a m ercury vapor a rc  (QE AH-4), p asses  th ro u g h  in  succes­

s io n  a p in h o le , m onoohrom atizing f i l t e r ,  a s l i t ,  a sim ple le n s ,  

th e  c e l l ,  an o th er sim ple le n s ,  and f i n a l l y ,  th e  eyep iece . The 

s l i t  i s  lo c a te d  a t  th e  fo c a l p lane o f th e  f i r s t  le n s ;  th e  c ro ss  

h a i r s  of th e  eyep iece a t  th e  fo c a l  p lan e  o f the  second. The 

eyep iece  i s  of th e  f i l a r  m icrom eter ty p e . The d is ta n c e  from 

c e l l  to  c ro ss  h a i r s  i s  approx im ately  HO cm.

The re f ra c to m e te r  c o n s is ts  o f two compartments sep a ra ted  

by a g la s s  b a r r i e r .  To p rev en t ev ap o ra tio n  a m eta l top  i s



p laced  over th e  c e l l*  C ontact w ith  th e  o u te r  a id e s  p rev en ts  

d i f f i c u l t i e s  due to  c a p i l l a r y  a c t io n .

25
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V. EXPERIM331TAL METHODS

S o lu tio n s  were s tu d ie d  in  th e  fo llo w in g  m anner. Samples 

of th e  s u r f a c ta n ts  were weighed ou t to  th e  c lo s e s t  m illig ram , 

p la ced  in  25 c c . pyrex vo lum etric  f l a s k s ,  and d is s o lv e d  in  wa­

t e r .  The s o lu t io n s  were d i lu te d  a lm ost to  25 c c . ,  p laced  in  a 

c o n s ta n t tem p era tu re  atm osphere and, f i n a l l y ,  d i lu te d  ex a c tly  

to  25 c c . Each s o lu t io n  was f i l t e r e d  th rough  a py rex , u l t r a -  

f i n e ,  f r i t t e d  g la s s  fu n n e l d i r e c t l y  in to  th e  l i g h t  s c a t te r in g  

c e l l .  P re ssu re  f i l t r a t i o n  was used to  avoid  foam ing. Hydrogen 

gas was used as th e  so u rce  of p re s s u re —from 2 I b s . / s q .  in ch  

f o r  most d e te rg e n t s o lu t io n s  to  10 I b s . / s q .  in ch  fo r  co n cen tra t­

ed su c ro se  and r a f fa n o s e  s o lu t io n s .  F ig u re  3 i l l u s t r a t e s  th e  

s e t -u p .  A furrow ed oap was g lued  to  th e  top of th e  la rg e  rub­

b e r  s to p p e r , which f i t t e d  snugly  in to  th e  f i l t e r  fu n n e l.  Hy- 

drogen gas p assed  d i r e c t ly  to  th e  s o lu t io n  from  a tank  th rough  

an opening in  th e  cap and ru b b er s to p p e r . A fte r  f i l t r a t i o n ,  

th e  c e l l  was p la ced  in  th e  c e l l  h o ld e r  w ith  th e  same o r ie n ta ­

t io n  each tim e . Two b a l l  b e a r in g s , p ro je c t in g  from  two s id e s  

w ith in  th e  c e l l  h o ld e r , k ep t th e  c e l l  i n  th e  same p o s i t io n  each 

tim e . A ll experim en ta l work was done a t  30°C. u n le ss  o therw ise  

s ta te d .

R arely  a f t e r  f i l t r a t i o n  of a d e te rg e n t s o lu t io n  would bub­

b le s  form (between th e  s c a t t e r in g  c e l l - l i q u i d  in te r f a c e )  or 

su dsing  o ccu r. Bubbles were e a s i ly  removed w ith  a s t i r r i n g  rod  

o r by p h y s ic a l a g i t a t io n .  I t  was n ecessa ry  to  do t h i s  to  p ro ­
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v en t r e f l e c t io n s  from  th e  m eniscus, and d i f f r a c t io n s  and r e ­

f l e c t io n s  due to  b u b b le s .

Measurements a t  e le v a te d  tem p era tu res  were c a r r ie d  out by 

h e a tin g  th e  im m ediate su rro u n d in g s to  th e  d e s ire d  tem p era tu re . 

The s o lu t io n s  were made up a t  th e  e le v a te d  te m p e ra tu re s . Be­

f o r e  and a f t e r  s c a t t e r in g  read in g s  were made, th e  tem pera tu re  

o f th e  s o lu t io n  was ta k e n . The d if fe re n c e  was u s u a lly  1°-2®C.

A more d e s ir a b le  p rocedu re  f o r  e le v a te d  tem p era tu re  s tu d ie s  

would have been to  make tu r b id i ty  measurements u s in g  a c e l l  

w ith  a su rro u n d in g  chamber h ea ted  by r e s is ta n c e  w ire s .

L ig h t s c a t t e r in g  read in g s  were taken  im m ediately  fo llo w in g  

f i l t r a t i o n .  The in te n s i t y  of th e  l i g h t  s c a t te r e d  from  a so lu ­

t io n  was compared w ith  th e  i n t e n s i t y  o f l i g h t  s c a t te r e d  from a 

p o lish e d  I n c i te  b lo ck  (2 ) .  Readings on th e  s ta n d a rd  were made 

ju s t  b e fo re  and a f t e r  th o se  made on a  s o lu t io n .  Only 90° s c a t ­

t e r in g  was m easured. Ten s o lu t io n s  re q u ire d  about two hours fo r  

a com plete ru n .

R eference was made to  th e  l u c l t e  b lock  fo r  two rea so n s :

(a) S ta n d a rd iz a tio n  o f th e  l i g h t  s c a t te r in g  in s tru m en t es­

s e n t i a l l y  means in  t h i s  study  determ in in g  th e  " e f f e c t iv e "  t u r ­

b i d i t y  o f th e  I n c i te  b lo c k . Hence com parison o f galvanom eter 

re ad in g s  of a s o lu t io n  w ith  th e  I n c i t e  b lock gave d i r e c t ly  th e  

tu r b id i t y  o f  th e  s o lu t io n .

(b) A d ec rease  i n  in t e n s i t y  o f  th e  l ig h t  so u rce  w ith  tim e, 

and a d ec rease  in  s e n s i t i v i t y  o f th e  1P21 tu b e .
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The l i g h t  s c a t te r in g  in s tru m en t was s ta n d a rd is e d  in  th e  

fo llo w in g  manner* S c a t te r in g  measurements w ith  aqueous so lu ­

t io n s  of p u r i f ie d  su c ro se  and w ater (so lv e n t)  were made. The 

galvanom eter d e f le c t io n  due to  w a te r , d iv id ed  by th e  d e f le c t io n  

due to  l u c i t e  b lo c k , was s u b tra c te d  from th e  d e f le c t io n  due to  

th e  s o lu t io n  d iv id e d  by b lo ck  d e f le c tio n *  This gave KT• K i s  

th e  r e c ip ro c a l  tu r b id i ty  ( e f f e c t iv e )  of th e  l u c i t e  b lo ck , and T 

i s  th e  s o lu t io n  tu r b id i ty  minus w ater tu rb id i ty *  As p re v io u s ly  

s ta te d ,  th e  galvanom eter d e f le c t io n s  a re  p ro p o r tio n a l to  l i g h t  

s t r ik in g  th e  1P21 tu b e , l . e . ,  th e  l i g h t  s c a t te r e d  a t  90e to  th e  

in c id e n t  beam. S ince HC/T =  (l/M )4-BC, e x tra p o la tio n  of th e  

HC/T v s .  C p lo t  to  zero  c o n c e n tra tio n  y ie ld s  l/M .

V T /  c = o  M \  KT /  c = o  M

Only two unknowns need to  be determ ined . (C/KT)q-  q I s ob­

ta in e d  from a curve o f (C/KT) v s .  C ( g / c c . ) .  (See F igu re  4 .)  H 

was determ ined  u sin g  th e  r e la t io n s

32 T r V  / W '  )
SN A* V e /

2
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(Ji-Jio)A' was o b ta in ed  from d i f f e r e n t i a l  re f ra c to m e te r  data#

The d i f f e r e n t i a l  re f ra c to m e te r  was s ta n d a rd iz e d  w ith  su c ro se ,
©

u sin g  b lu e  l i g h t  (4358 A)« Sucrose s o lu t io n s  were p repared  

where b o th  w eight p e r  c e n t s o lu te  and grams p er co* were r e ­

co rd ed , The s c a le  d e f le c t io n  o f each s o lu t io n , minus d e f le c ­

t io n  due to  w a te r, was r e f e r r e d  to  as ZX R, A ccording to  Mc­

C artney (2 1 ), th e  r e l a t i o n  (fi-p0 ) g a g s " cw x IO**4 a t  20°C, 

h o ld s  f o r  su c ro se  f o r  th e  sodium D l i n e .  R e fra c tiv e  Index of 

s o lu t io n  and w ater a re  d es ig n a ted  p  and p e r e s p e c t iv e ly ,  Cw i s  

c o n c e n tra tio n  in  w eight per c e n t su c ro se , Frcrni th e  Cauchy f o r ­

m ula, =  A 4- (B /X 2 )# (ja-ji@) a t  X =  4358 A can be c a lc u la te d .

S ince  J i =  A' 4 -  B ' / X 2# and ya0 =  A" 4" B " /X 2

2
th e re fo r e  Ji-Ji0 sa A 4 - B /X  , in  which A = I A 1-An and B = B 1-Bn,  

A ccording to  Hallwache ( 15)

(/1- /10) 486!  (/^JaO)6563 0124 (/""Po)5893

U ti l iz a t io n  of th e se  two r e la t io n s h ip s  enab les one to  g e t

th e  fo llow ing*

20°  20°
(/*-/*©) 4358—  I  »016 (/1-/10)5893

However, measurements were g e n e ra lly  made a t  30°C, 

Hallwachs found f o r  su c ro se  s o lu t io n s  th a t

1 7 .8 °

5893
(/1- /10)5893 * 9 .5  x IO"*4

For a 10° In c re a s e  in  tem p era tu re  th e  d ec re a se  in  ()i-Jio)5893
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would be approx im ately  ,0095 (P-ZU0 ) gog3 ,

I f  we assume (/uwJlO^4358 d ec rease  In  a s im ila r  manner

30® 20° 20®
(P-P0 ) 4 3 5 8 -  (p -P o )4358 * *0095 (P-Po)4S ss

20°

— (p -P o )4358 (̂ - -  *0095)

20®

=  1 .016  (P-P0 ) 68g3 (.9905)

=  1 .016 (14.51 Cw x 10”4 ) (.9905) 

=  14 .60  x IO"4 Cw

When

A V o w =

T h erefo re

A r was p lo t t e d  a g a in s t Cw, th e  l e a s t  sq u ares s lo p e

14 .72 , o r Cw =  A  V l 4 .7 2 .

3 0 °  =
(JMNj) 4 3 6 8 =  9 .9 1 3  AR x  10~°

where AR r e f e r s  to  th e  re ad in g  given  by th e  re f ra c to m e te r  f o r  

pu re  so lv e n t minus th e  read in g  f o r  th e  s o lu t io n .  This i s  th e  

working eq u a tio n  f o r  th e  d i f f e r e n t i a l  r e f ra c to m e te r .

To o b ta in  H f o r  any s o lu t io n , A  VC only  need  be determ ined 

s in c e  (p -p e )/C =  9.913 x  10"^ ( AV°) where C =r g/oc*

For su c ro se :

AR 100
C Cw /9

t io n  a t  30°C. T herefo re  

AR 14 .72  x 100

where /*  =  d e n s i ty  of a 1% su c ro se  aolu-

C "™ 9.995 x lO -3
=  1 .4 7 4  x 103

and 2
u -u0 

C( 4 M  =  <». 913 x  1 .4 7 4  x  10"2) _  .02135
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Prora th e  Lange Handbook ( 6 th  e d i t io n ) ,  a t  30oC ., f o r  HgO,

A =  5893 4861 4340

fiAIR s  1.3320 1.3360 1.3392

yuVAC =/oAIR x  1.000294

By u sin g  th e  em p irica l Cauchy form ula a g a in , c o n s ta n ts  A 

and B can be c a lc u la te d ;

/I4358 f o r  H2O, 3 0 °C .=  1 .3395

T h ere fo re , f o r  su c ro se , A = 4385, temp. =  30°C , and 

H =  5.832 x 1 0 -8 .

In  F ig u re  4, (C/KT) vs. C i s  p lo t t e d  f o r  su c ro se , and ex­

t r a p o la t io n  to C =  O gives (C/KT)qs  q =  0 .5 6 6 . From th e  sucrose 

d e te rm in a tio n , then, Kss 8.89  x  IO2 .

S ta n d a rd iz a tio n  o f th e  l i g h t  s c a t te r in g  in s tru m en t w ith  

r a f fa n o s e  p en tah y d ra te  was done in  th e  same manner as w ith  su ­

c ro s e . Por ra f fa n o s e *  SHgO a t  SO0C. ,  H =, 5.832 x  IOw6.  From 

F ig u re  4, where G =  O, C/KT =  0 .4 3 1 . The average K i s  

8 .6 6  x  IO2 .

In  o rd e r to  c a lc u la te  m o lecu lar w eigh ts of m ic e l le s , c e r ­

t a i n  assum ptions must be made. IDhlike th e  su g ar m olecu les, mi­

c e l l e s  c a r ry  a ch a rg e . Doty and S te in e r  (10) have d iscu ssed  

s c a t t e r in g  due to  c o l lo id a l  e l e c t r o ly t e s .  At th e  c r i t i c a l  con­

c e n tr a t io n  th e  c o n c e n tra tio n  o f  m ic e lle s  i s  ex trem ely  sm all 

( id e a l ly  z e ro ) , and in te r a c t io n  n e g l ig ib le .  Hence m olecu lar 

w eigh ts shou ld  be determ ined by e x tra p o la tio n  to  th e  c r i t i c a l  

c o n c e n tra tio n  Ce and n o t to  zero  c o n c e n tra tio n  (5 ). For a l l
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LIGHT SCATTERING CURVES

FOR RAFFAN0SE-5H.0  O 

AND SUCROSE A

C in g/cc x ioo
figure 4

AR VS. C VALUES

FOR SEVERAL DETERGENTS

C g/cc x ioo

figure 5
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p r a c t i c a l  purposes I t  can  be assumed th a t  th e  s u r f a c ta n t  Ions 

a re  u n a s so c ia te d  up to  th e  c r i t i c a l  c o n c e n tra t io n , and above 

t h i s  c o n c e n tra tio n  a l l  added d e te rg e n t m olecules ag g reg a te  to

shou ld  be p lo t t e d  as  a fu n c tio n  o f  C. Debye (3) has Bhoim th a t  

a  h ig h  c o n c e n tra tio n  of charge e x i s t s  a t  th e  ends of th e  mi­

c e l l e ,  presum ably n ear th e  n itro g e n  atom, and th e  ex is ten c e  of 

a  h ig h ly  charged  sp e c ie s  in  s o lu t io n  w ithou t a t t r a c t i o n  of gegen 

io n s  would be very  u n l ik e ly .  We w il l  assume th a t  th e  o v e r - a l l  

m ic e lle  charge i s  v ery  c lo s e  to  z e ro , th a t  our s o lu te  i s  th e  

m ic e l le s ,  and our so lv e n t i s  th e  s o lu t io n  a t  th e  c r i t i c a l  con­

c e n t r a t io n .

A l e a s t  sq u ares method has been employed in  which C0, M,
C-C0

and th e  s lo p e  of th e  H —̂ — v s . C curve a re  s im u ltan eo u sly  

o b ta in ed  (2 ) .  The b e s t  s t r a i g h t  l i n e  i s  re p re se n te d  by 

H(C-C0 )
-----------=  A4-SC where A = I n te rc e p t  and S i s  th e  s lo p e . I fT

then
n 2

I
• z - , =f o r  n  experim en ta l p o in ts .  By determ in ing

BC0 '  BA
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and
»2>i2 and s e t t i n g  them equal to  ze ro , we g e t th re e  equa­

t io n s  which may be so lv ed  s im u ltan eo u sly  f o r  C0, A, and S» Ex­

p e rim en ta l p o in ts ,  above th e  c r i t i c a l  c o n c e n tra t io n , th a t  ex­

h i b i t  non-ancoaalous beh av io r (tak en  from o b se rv a tio n  of a 

T v s .  C curve) a re  chosen fo r  th e  c a lc u la t io n .  S ince

I
M I

H(C-C6 )
] C a  0

A -h SC6 ,

M = I
A 4" SCo
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T I. RESULTS

HVhen l i g h t  s c a t t e r in g  th eo ry  was d iscu ssed  i t  was p o in ted  

o u t th a t  (ti-fio)A ' was assumed to  be constan t#  F ig u re  5 i s  a 

p lo t  of A R  v s . C f o r  a number of s u r fa c ta n ts  used in  th i s  

s tu d y . The b reak  in  th e  r e f r a c t iv e  index  p lo t  of soap so lu ­

t io n s  found by some in v e s t ig a to r s  (14) was n o t observed in  t h i s  

work. The s lo p e , 0 .1 6 3 , re p re se n te d  i n  F igu re  5 i s  an average 

s lo p e  o b ta in ed  by l e a s t  squares u sin g  p o in ts  o b ta in ed  from 

measurements o f se v e ra l s u r f a c ta n ts .  The e r ro r  in tro d u ced  in  

u s in g  t h i s  s lo p e  in  c a lc u la t io n  o f H f o r  a l l  s u r fa c ta n ts  ap­

p ea rs  to  be q u ite  sm all fo r  th e  c h lo r id e  s a l t s ,  b u t i s  no t ju s ­

t i f i e d  fo r  th e  brom ide and, p e rh ap s . Io d id e  s a l t  s in c e  an e r r o r  

o f about 20% I s  p o s s ib le  (3 ) .  By s u b s t i tu t in g  A r/C  in  th e  

working equ a tio n  f o r  th e  d i f f e r e n t i a l  r e f ra c to m e te r ,  H fo r  th e  

s u r f a c ta n ts  was determ ined  as 7 .164  x 10"® a t  30°C.

For h ig h e r  te m p era tu re s , o th e r  c o n s id e ra tio n s  were in ­

v o lved . C o rrec tio n s  were made f o r  th e  expansion of th e  g la s s  

v o lu m etric  f l a s k s .  A c tu a lly , d e n s ity  of w ater d a ta  could have 

been used  to  c o r r e c t  f o r  c o n c e n tra tio n  changes. The e r ro r  in ­

volved can s a fe ly  be assumed to  be le s s  than  0.1 p e r cen t (2 2 ). 

To c a lc u la te  th e  change in  H w ith  tem p era tu re , th e  change in  

(p-ji0 )/C would have to  be de te rm ined . This m ight have been 

done by u sin g  a c e l l  f o r  th e  d i f f e r e n t i a l  re f ra c to m e te r  which 

would keep th e  c e l l  co n ten ts  a t  any h ig h  tem p era tu re  d e s ire d .

A hollow  chamber w ith in  th e  c e l l  h o ld e r , to  a llow  continuous
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flow  of h ea ted  s o lu t io n ,  o r an In s u la te d  c e l l  Ja ck e t could  have 

been c o n s tru c te d . With th e  p re s e n t d i f f e r e n t i a l  r e f r a c to m e te r. 

Measurements can on ly  be made a t  room te m p era tu re .

The L orenz-L oren tz equation  cou ld  be a p p lie d  to  c a lc u la te  

{fi~fL0 )/C a t  h ig h er  te m p era tu re . This would e n t a i l  o th e r  d i f f i ­

c u l t !  et ' 3 ) .  F urtherm ore , th e  n ec e ssa ry  d e n s ity  d a ta  were 

la c k in g . To co n s id e r  H c o n s ta n t w ith  tem pera tu re  should  i n t r o ­

duce e r ro r  w ith in  I  p e r  c e n t a t  30®C., 2 p er c e n t a t  SO0C ., and 

3 p er c e n t a t  60°C, For a l l  c a lc u la t io n s  w ith  d e te rg e n ts ,

H ss 7 .164  x IO -6 .

The KT v s . C cu rves (F ig u re  8) s t r ik in g ly  i l l u s t r a t e  th e  

change th a t  ta k e s  p la c e  i n  soap s o lu t io n s  a t  th e  c r i t i c a l  con­

c e n t r a t io n .  C o n d u c tiv ity  and d e n s ity  v s. c o n c e n tra tio n  curves 

a ls o  show ab ru p t changes a t  th e  c r i t i c a l  c o n c e n tra t io n . In  a l l  

c a se s , excep t dodecyltrim ethylam m oniw  c h lo r id e , s c a t te r in g  be­

low th e  c r i t i c a l  c o n c e n tra tio n s  was I n s ig n i f i c a n t .  For t h i s  

d e te rg e n t, re p ro d u c ib le  s c a t te r in g  below th e  c r i t i c a l  concen­

t r a t i o n  o ccu rred , a lth o u g h  n o t shown in  F igure  8 . This sug­

g e s ts ,  more d ra m a tic a lly  than  in  th e  case  o f th e  o th e r  s u r fa c ­

t a n t s ,  th a t  m ic e lle s  do e x is t  below th e  c r i t i c a l  c o n c e n tra tio n  

in sm all num bers. The abnormal r i s e  in  th i s  case  could  be due 

to  a s l i g h t  amount o f  im p u rity  which i s  s o lu b i l iz e d  in  th e  mi­

c e l l e .  I t  should  be remembered, however, t h a t  th e  c r i t i c a l  

c o n c e n tra tio n  i s  n o t a p o in t ,  b u t a range .

A ty p ic a l  T r s .  C cu rv e , v i z . ,  f o r  an uncharged polymer



37

h[c - c.]

figure 6

PR D

IR! ME BR +
TRI ME I o
BU 7
ET •

C in g / c c

f i gur e  7

FOR



38

SCATTERING CURVES FOR

ME A
TRI ME
TRI ME BR
TRI ME CL X
TRI H o

C in g / c c

f i g u r e  8



39

sm a lle r  than o n e - tw e n tie th  th e  wave le n g th  of in c id e n t  l i g h t .

I s  s im ila r  to  th a t  f o r  dodecyltrlm ethylaram oniiai brom ide and 

c h lo r id e  except th a t  i t  goes th rough  th e  o r ig in .  The le v e lin g  

o f f  a t  h ig h e r  c o n c e n tra tio n s  i s  due to  th e  o rd e rin g  of so lu te  

m o lecu les, which r e s u l t s  in  in te r f e r e n c e  e f f e c t s .  The tu rb id ­

i t y  v s .  c o n c e n tra tio n  p lo ts  b r in g  ou t q u ite  c l e a r ly  which po in ts  

can be employed in  th e  l e a s t  sq u a res  method o f de term in ing  

c r i t i c a l  c o n c e n tra tio n  and m olecu lar w eigh t. Any anom alies a r e  

a ls o  c l e a r ly  in d ic a te d .  From F ig u re  8 th e  d e s ire d  range of 

p o in ts  to  be used in  th e  m o lecu lar w eight c a lc u la t io n s  i s  sug­

g e s te d , I t  i s  c le a r  th a t  n ea r th e  c r i t i c a l  c o n c e n tra tio n s , th e  

e r ro r  in  a p a r t i c u la r  v a lu e  of nTn i s  g re a te r  than  a t  h ig h e r  

c o n c e n tra t io n s . S ince th e  equ a tio n  used f o r  c a lc u la t io n s  has an

H(C-C0 )
T

term , p o in ts  very  c lo s e  to  th e  c r i t i c a l  c o n c e n tra tio n

should  be avo ided , and fu rth e rm o re , we would expect th e se  p o in ts  

to  show g r e a te s t  d is piacem ent from th e  l e a s t  squares curve fo r

H(C-C0 )
T v s . C.

Perhaps a b e t t e r  way of w eig h tin g  th e  p o in ts  fo r  le a s t  

squares c a lc u la t io n  would have been to  use

f l =  H(C1-C0 ) -  AT1 -  SC1T1

At h ig h e r  c o n c e n tra tio n s , th e  m ic e lle s  may no t a c t  independently  

o f one an o th er and, th e re fo r e ,  assum ptions made in  d e riv in g  th e  

l i g h t  s c a t te r in g  eq u a tio n  would n o t h o ld . I t  l a  d e s ira b le  th en
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to  use in te rm e d ia te  p o in ts .

In  th e  ca se  o f th e  m ethyl, e th y l and d ie th y l  s a l t s ,  th e  

KT v s . C curve d id  n o t le v e l  o f f  b u t in s te a d  ro se  sh a rp ly  a t  

c o n c e n tra tio n s  about 0 .01  g /c c .  Only th o se  p o in ts  below t h i s  

c o n c e n tra tio n  were used in  c a lc u la t in g  m olecu lar w eig h ts .

The e th y l ,  p ropy l and b u ty l s a l t s  were run  a t  37°, 50°, 

and 65°C ., r e s p e c t iv e ly .  The only o th e r  d e te rg e n t observed a t  

a tem pera tu re  g r e a te r  th an  30°C. was tr im e th y l io d id e  s a l t  a t  

45°C. These h ig h e r  tem p era tu res  were used because o f th e  lim ­

i t e d  s o lu b i l i ty  o f th e  d e te rg e n ts  a t  lower tem p era tu re s .

— v s . C p lo t s .  F ig u res  6 and 7 , re p re s e n t th e  b e s t  

s t r a i g h t  l in e s  o b ta in a b le  from th e  experim enta l d a ta .  Table I I  

g ives th e  c a lc u la te d  r e s u l t s .

M olecular w eights f o r  d e te rg e n ts  s tu d ie d  by Anacker (3 ) , 

who re p o r te d  v a lu es  of 12,300 and 15,500 f o r  dodecylammonium 

c h lo r id e  and do decy Itrimethylammonixim bromide r e s p e c t iv e ly ,  a re  

in  f a i r  agreem ent w ith  th e  co rrespond ing  v a lu es o b ta in ed  in  th is  

s tu d y . In  th e  case  o f th e  dodecylalkylsmtmonium c h lo r id e s  and 

trim ethylam m onlm  io d id e , s ta n d a rd is a t io n  of th e  r e s u l t s  to  

30®C. was d o ie  by c a lc u la t in g  th e  r a t e  of change o f m olecu lar 

w eight w ith  tem p era tu re  f o r  dodecyltrim othylam m onlurn bromide 

u s in g  A nacker’s d a ta , assum ing th e  same r a t e  h e ld  f o r  th e se  ma­

t e r i a l s .  These approxim ations a re  rough . Time d id  n o t perm it 

an in d iv id u a l s tu d y  of th e se  s a l t s  w ith  tem p era tu re  change.
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TABLE I I
C a lcu la ted  R esu lts

DEP EROENT Ce (g /o e e) Slope 
x  IO5

M olecular
Weight*

DedecylmethylajRBioniu* c h lo r id e ,00314 11.69 74,600

Dedecylethylammonlum c h lo r id e ,00304 71,900

D odecylprepylaem onlum c h lo r id e .00301 36,000

Dodecylbutylam m onlurn o h le r ld e ,00279 28,900

D odecyldlethylam m onlm  c h lo r id e .00336 5 .96 52,300

Dodecyltrlhydrogenam m . c h lo r id e ,00290 13.13 14, 400

DodecyltrimethylamBie c h lo r id e .00544 8.31 9,300

Dodecyltrimethylawmonitai bromide .00453 10.62 17,200

Dodecyltrim ethylam m onlm  io d id e .00347 58,700

Dedecylethylsunae C h lo re a t  38°Ce .00309 6.22 65,900

Dodeoylp ro p y Isuame C hlore a t  48°Ce .00346 16.73 31,900

DodecylbUtylajame C hlore a t  65°Ce .00440 5 ,63 28,300

Dodecyltrimethylamme io d .a t  460C# .00382 10.60 49,400

*At SO0Ce u n le ss  o therw ise  s p e c if ie d .
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V II. DISCUSSION

A lthough no measurements were a ttem p ted , dissymmetry and 

d e p o la r iz a tio n  of th e  s c a t te r e d  l i g h t  have been assumed to  be 

n e g l ig ib le .  The r e l a t i v e l y  sm all v a lu es  of th e  m olecu lar 

w eigh ts sup p o rt th e  assum ption .

According to  th e  experim ental r e s u l t s ,  m ic e lle  w eights a r e  

s tro n g ly  dependent upon th e  make-up of th e  s u b s t i tu e n t  groups 

p re se n t on th e  n i tro g e n . The au th o r a t  th i s  tim e I s  unable to  

p re se n t a com plete and f u l l y  c o n s is te n t  ex p lan a tio n  of th e  ob­

se rv ed  phenomena. The fo llo w in g  c o n s id e ra tio n s  may be o f some 

H a l t e d  v a lu e .

The eq u ilib riu m  s iz e  of th e  m ic e lle  l a  determ ined  by th e  

in te rp la y  of two f o r c e s .  The sh o r t  range van d er Waal * s fo rc e s  

h o ld  th e  long hydrocarbon t a i l s  of th e  s u r fa c ta n t  Ions to g e th e r  

in  th e  m ic e l le .  S iergy  i s  r e le a s e d  when a number o f h y d ro -ca r­

bon t a i l s  a re  removed from th e  su rround ing  w ater and brought 

In to  c o n ta c t w ith  each o th e r  in  th e  m ic e lle . The energy given 

up l s  rough ly  p ro p o rtio n a l to  the number of Iona which agg re­

g a te . On th e  o th e r  hand, long  range coulombic fo rc e s  must be 

overcome when charged ends of the  hydrocarbon ch a in s a re  brought 

to g e th e r  In  th e  o u te r  su rfa c e  of th e  m ic e lle . This p rocess r e ­

q u ire s  th e  ex p en d itu re  of energy . Tlie la rg e r  th e  m ic e lle  th e  

g re a te r  w i l l  be th e  e l e c t r i c a l  work re q u ire d  to  b r in g  an ad d i­

t io n a l  lo n g -ch a in  io n  in to  th e  m ic e l le .

When th e  I n i t i a l  cha in s come to g e th e r , th e  energy re le a s e d
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i s  g re a te r  than  th e  energy re q u ire d  to  b r in g  th e  p o la r  heads 

to g e th e r .  S ince th e  energy re le a s e d  i s  n e g a tiv e  by conven tion , 

th e  t o t a l  energy of th e  m ic e lle , i . e , , th e  a lg e b ra ic  a m  of th e  

energy gained  by b r in g in g  K hydrocarbon t a i l s  to g e th e r  and th e  

e l e c t r i c a l  work which must be done, w i l l  reach  a minimum value  

which I s  n e g a tiv e . At t h i s  minimum, th e  value of th e  correspond­

in g  N re p re s e n ts  th e  number of m olecu les making up th e  m ic e lle  

• f  m ast s ta b le  c o n f ig u ra tio n . At t h i s  p o in t dW/dH =  0 , in  

which W i s  equal to  th e  t o t a l  energy of th e  m ic e l le .

Any f a c to r  which w i l l  modify th e  fo rc e s  in v o lv ed  w il l  a f ­

f e c t  th e  eq u ilib r iu m  s iz e  of th e  m ic e l le .  The ad so rp tio n  on, or 

c lo s e  approach to ,  th e  su rfa c e  o f th e  m ic e lle  of o p p o s ite ly  

charged  gegen Ions w i l l  sc reen  th e  a c tio n  of th e  charges on th e  

m ic e lle  and w i l l  reduce the  e l e c t r i c a l  work re q u ire d  to  b r in g  

a d d i t io n a l  lo n g -ch a in  Ions in to  th e  ag g reg a te . Hence in  th e  

p resence  of added e l e c t r o ly te ,  th e  eq u ilib r iu m  s iz e  of th e  mi­

c e l l e  w i l l  be la rg e r  than  when no a d d i t io n a l  e l e c t r o ly te  i s  

p re s e n t .

Any f a c to r  which w il l  In c re a s e  th e  d is ta n c e  between th e  n i ­

tro g en  atoms in  th e  su r fa c e  of th e  m ic e lle  w i l l  d ec rease  th e  

su rfa c e  charge d e n s ity  and should  a ls o  d ec rease  th e  e l e c t r i c a l  

work n ecessa ry  to  b r in g  a new m olecule In to  the m ic e l le .  Thus 

th e  s iz e  of th e  m ic e lle  should in c re a s e .  However, s e p a ra tio n  

o f the  p o la r  heads w i l l  r e s u l t  i n  some se p a ra tio n  of th e  hydro­

carbon t a i l s ,  which in  tu rn  would te n d  to  d ec rease  th e  m ic e lle
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size*  These two e f f e c t s  then  p a r t i a l l y  can ce l each o ther*  L et 

us examine th e  fo llo w in g  ta b le  w ith  th e  above c o n s id e ra tio n s  

in  mind.

C o n s id e r  dodecylaBimoniuia c h lo r id e  as a member- of each of 

the th re e  h o r iz o n ta l  row s. In  th e  top  row we n o tic e  a marked 

In c re a se  In  th e  ag g reg a tio n  number when one of th e  hydrogen a t ­

oms on th e  n itro g e n  i s  re p la c e d  by an a lk y l r a d ic a l .  S ince th e  

n itro g e n  atom I s  sm a lle r  than  a carbon atom, and bonds to tr a h e -  

d r a l ly —or approx im ately  o o -- to  fo u r  o th e r atoms o r groups, i t  

i s  u n lik e ly  th a t  th e  n itro g e n  atoms In  ad jace n t ch a in s  a re  

fo rc e d  a p a r t by th e  replacem ent* Hence th e  s iz e  in c re a se  can­

n o t be due to  a re d u c tio n  in  th e  e l e c t r i c a l  work re q u ire d  to  

form a m ic e lle  from independent Iona* Tine a lk y l r a d ic a l ,  i f  i t  

does an y th in g , fo rc e s  th e  coun ter io n  away from th e  n itro g e n  

atom and thus shou ld  tend  to  make th e  ag g reg a tio n  number f a l l  

In s te a d  of r is e *  This may be th e  ex p lan a tio n  f o r  th e  observed 

d ec rease  from th e  second member on* The reaso n  f o r  th e  b ig  

d if fe re n c e  in  ag g reg a tio n  number between do dec y lazmonium ch lo ­

r id e  and dodecylmethylammonlurn c h lo r id e  i s  n e t  evident*

In  th e  second h o r iz o n ta l row th e re  i s  an in c re a s e  in  mi­

c e l l a r  w eight as we go from l e f t  to  r ig h t*  A p o s s ib le  explana­

t io n  of t h i s  in c re a s e  i s  the  fo rc in g  a p a r t of n itro g e n  atoms in  

a d ja c e n t heads.

In  th e  bottom  h o r iz o n ta l  row we m ight ex p la in  an in c re a se  

i n  m ic e lle  s iz e  as we go from dodecylammonitan c h lo r id e  to  do-
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deoyltrim ethylaim aenlue c h lo r id e  ag a in  as In v o lv in g  an In c re a se  

In  th e  d is ta n c e  between a d ja c e n t n itro g e n  atom s. The n itro g e n  

atoms f o r  th e  tr im e th y l m ic e lle  a re  f a r th e r  a p a r t  th an  f o r  any 

o th e r  and, i f  th e  d is ta n c e  between n itro g e n  atoms were th e  on ly  

f a c to r  to  be co n s id e red , we would expect t h i s  m ic e l le  to  be th e  

l a r g e s t  o f any c o n s id e re d . An In c re a se d  d is ta n c e  o f c lo s e s t  

approach o f th e  gegen io n  to  th e  n itro g e n  atom and some se p a ra ­

t io n  of th e  hydrocarbon t a i l s  may be th e  prim ary  f a c to r s  d e te r ­

m ining th e  sm all s i z e .

C
TABLE I I I

omparison Between S u rfa c ta n ts  a t  30°C.

Trihydrogen
MW= 14,400 

N= 65

Methyl
MW= 74,600 

N = 317

Ethyl
MW:= 7 1 ,9 0 0  

N= 288

Propyl 
MW =  36,000 

N= 137

Butyl
MW= 28,900 

N= 96

Trihydrogen
MW= 14,400 

N =  65

m e th y l 
MW= 52,300 

N = 188

Trihydrogen 
MW =  14, 400 

N =  65

T rlm ethyl 
MW =  9,300 

N= 35

The observed f a l l  of ag g reg a tio n  number as  we descend th e  

th i r d  v e r t i c a l  column, assum ing tr im e th y l and t r i e th y l to  be ap­

p rox im ate ly  th e  same s iz e ,  would le a d  us to  conclude th a t  in
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t h i s  s e r i e s ,  p ro g re s s iv e  fo rc in g  back of th e  gegen Ion  from th e  

n itro g e n  atom was th e  c o n tro l l in g  fa c to r#  This may a lso  be th e  

case  in  th e  second v e r t i c a l  column#

Another f a c to r  which should  be co n s id e red  i s  th e  " e ffe c ­

t iv e "  d i e l e c t r i c  c o n s ta n t in  th e  re g io n  o f th e  ch a rg e  on th e  

n itro g e n  atom# S ince ooulombic re p u ls io n  between l i k e  charges 

v a r ie s  in v e r s e ly  as th e  d i e l e c t r i c  c o n s ta n t su rround ing  th e  

ch a rg e s , we would expect two charged  monomer heads to  re p e l 

each o th e r  w ith  much g re a te r  f o rc e  where a lk y l groups su rround  

th e  n itro g e n  atom th an  where th e y  do n o t .  We would th e re fo re  

expect m ic e l le  s iz e  to  d ec rease  as th e  number o f a lk y l  groups 

around th e  n itro g e n  atom In c reases#  Indeed , th e  r e s u l t s  show 

th a t  th e  m o lecu lar w eight of th e  m ic e lle  d ec rease s  in  th e  se ­

r i e s  a lk y l - * - d ia l k y l - * - t r i a l k y l .  A lso , as th e  a l ip h a t i c  ch a in  

i s  leng thened  th e  m o lecu lar w eight decreases#  T his e f f e c t  i s  

most pronounced in  th e  case  of t r i a l k y l  s a l t s ,  and, to g e th e r  

w ith  gegen Ion  h in d ran c e , ex p la in s  th e  low v a lu e  o f t h e i r  mi­

c e l l e  s i z e .

Another e f f e c t  w orth m ention ing , b u t of l e s s e r  im portance, 

i s  th e  van der Waal a t t r a c t i o n  between a lk y l groups around a 

n itro g e n  atom and a lk y l groups of an ad ja c e n t monomer head.

This would cause a sm all n e g a tiv e  c o n tr ib u t io n  to  th e  t o t a l  en­

ergy o f th e  system  and ten d  to  in c re a s e  m olecu lar w eigh t.

An I n te r e s t in g  com parison can be made between th e  t r l hy­

drogen and t r i a l k y l  s a l t s  where gegen ion  and a lk y l group M n -
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drances a re  a t  a minimum and maximum re s p e c t iv e ly .  S ince t h e i r  

m olecu lar w eigh ts a re  o f n e a r ly  th e  same o rd e r o f m agnitude, i t  

can be deduced th a t  th e  two s t e r i c  e f f e c t s  a re  o f n e a r ly  th e  

same o rd e r of m agnitude. F urtherm ore, when an a lk y l group i s  

removed from th e  t r i a l k y l  o r added to  th e  tr ih y d ro g en  s a l t  to  

g ive  d ia lk y l  and a lk y l s a l t s  r e s p e c t iv e ly :  in  th e  f i r s t  in ­

s ta n c e  th e  gegen io n  e f f e c t  i s  enhanced w hile  th e  a lk y l h in ­

drance e f f e c t  changes l i t t l e ;  in  th e  ca se  of th e  tr ih y d ro g en  

and e th y l,  th e  g r e a te r  change i s  in  th e  a lk y l h in d ran c e . In  

b o th  cases  one e f f e c t  i s  enhanced and m ic e lle s  of much la rg e r  

m o lecu lar w eight can be expected . This i s  ev id en t in  Table I I I ,  

where t  rim e thy  I ,  MW =L 9 , 3 0 0 d i e t h y l ,  MW =  52 ,300; and t r i  hy­

drogen, MW-=• 14, 4 0 0 e t hy l ,  MWsm 7 1 ,9 0 0 . The la rg e  jump in  

m olecu lar w eight observed  from dodecylammonlua c h lo r id e  to  do- 

d e o y la lk y lammonium c h lo r id e  may be due to  a d ec rease  in  th e  

" e f f e c t iv e  d i e l e c t r i c  c o n s ta n t ."  This would mean th a t  in  th e  

ca se  o f t r l hydrogen, a lth o u g h  th e  gegen io n  can approach c lo s e ­

ly ,  th e  e f f e c t iv e  d i e l e c t r i c  c o n s ta n t su rround ing  th e  n itro g e n  

atom would be g r e a te r  than  in  th e  c a se  of e th y l ,  o r  even d ie th ­

y l ;  and so s h ie ld in g  by th e  gegen io n  would be g re a te r  in  ca ses  

where a lk y l groups su rround  th e  n itro g e n  atom .

No a ttem p t was made to  determ ine th e  shape o f th e  m ic e lle s , 

b u t i t  i s  ev id en t from sim ple c a lc u la t io n  th a t  th e  m ic e lle s  a re  

p robab ly  no t s p h e r ic a l  under th e  c o n d itio n s  o f t h i s  s tu d y . A 

s p h e r ic a l  m ic e lle  would have a d iam eter no g r e a te r  th an  tw ice
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th e  le n g th  of th e  dodecyl ch a in , o r 2 x  1 .26  x 10”8 x 12 cm.

I t s  volume would be 4 /3  TT (2 x 1 .2 6  x IO**8 x 12)® cm3 . Assum­

in g  a d e n s ity  o f u n ity  (more l ik e ly  n ea r  0 .8 ) ,  th e  m olecu lar 

w eight would be I  x 4 /3  TT(2 x 1 .26 x ICT8 x 12)5 x 6 x IO23,

or about 8 ,7 0 0 . The tr lm e th y l s a l t  I s  th e  only  s u r f a c ta n t  r e ­

p o r te d  h e re  whose m olecu lar w eight I s  In  t h i s  ran g e .

In  th e  above d isc u ss io n  m o lecu lar w eight I s  c o r r e la te d  

w ith  m ic e lle  s t r u c tu r e .  A c o r r e la t io n  cou ld  be made of m ic e lle  

s t r u c tu r e  and c r i t i c a l  c o n c e n tra tio n . Perhaps f u tu r e  knowledge 

o f c r i t i c a l  c o n c e n tra tio n  and m o lecu lar w eight r e la t io n s h ip  

w i l l  I l lu m in a te  m ic e lle  s t r u c tu r e .

Table I I I  shows th a t  a d i r e c t  In c re a se  In  c r i t i c a l  concen­

t r a t i o n  occurs in  dodecy ltrlmethylammonlum h a l id e s  w ith  p ro­

g re ss io n  from Io d id e  to  c h lo r id e  an io n s . One m ight expect th a t  

th e  n e u t r a l iz in g  e f f e c t  of th e  gegen Ion  depends on th e  d is -  

s ta n c e  of approach o f th e  monomer head and th e  gegen Io n . T his 

I s  ap p a re n tly  a fu n c tio n  of th e  s iz e  of th e  io n . However, th e  

nS lzen o f th e  Ion In c lu d es  th e  Io n ic  ra d iu s  p lu s  th e  adsorbed 

w a te r . From h e a t of s o lu t io n  d a ta ,  and as a consequence of th e  

Debye-Huckel th e o ry , th e  c h lo r id e  io n  i s  h y d ra ted  th e  most and 

th e  io d id e  Ion  th e  l e a s t .  H ydration  would ten d  to  sc reen  th e  

Io n ic  f i e l d  by alignm ent of th e  w ate r mo eou les a lo n g  th e  l in e s  

of fo rc e , th e reb y  in c re a s in g  th e  d i e l e c t r i c  c o n s ta n t .  Accord­

in g  to  io n ic  conductance d a ta , a t  i n f i n i t e  d i lu t io n  th e  r e l a ­

t iv e  s iz e  of th e  io n s  In  s o lu t io n  can be o b ta in ed , showing th e



brom ide Ien  to  be s l i g h t l y  la rg e r  than  th e  Io d id e  and c h lo r id e  

Io n s , e h ic h  a re  about th e  same s i z e .  In  view o f t h i s ,  th e  ex­

p e rim en ta l r e s u l t s  re p o r te d  h e re  a r e  s u rp r is in g ,  and t h e i r  In ­

te r p r e ta t io n  Imposes a  fo rm id ab le  c h a lle n g e .

49
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R ela ted  d e te rg e n ts  were p rep ared  by m o d if ic a tio n  of s ta n d ­

a rd  m ethods, and a r e l a t i v e l y  sim ple and ra p id  method f o r  h a lo ­

gen a n a ly s is  was d ev ised .

The l i g h t  s c a t te r in g  in s tru m en t was s ta n d a rd iz e d  w ith  su ­

c ro se  and ra f fa n o a e  w ith  f a i r  agreem ent.

C r i t i c a l  c o n c e n tra tio n s  and m olecu lar w eights of m ic e lle s  

were determ ined f o r  n in e  d e te rg e n ts .  Rough th e o r e t i c a l  c o r re ­

l a t io n  was a ttem p ted  i n  s t r i c t l y  q u a l i t a t iv e  te rm s . There was 

c o n s id e ra b le  s p e c u la tio n  concern ing  th e  r e l a t io n  between m olec­

u la r  w eight and m ic e l le  s t r u c tu r e .  F ac to rs  ten d in g  to  In c re a se  

m o lecu lar w eight were thought to  b e :

a ,  c lo sen e ss  o f approach o f th e  gegen io n  to  th e  monomer 

head,

b , in c re a se d  se p a ra tio n  o f p o la r  heads by th e  in tro d u c ­

t io n  of groups around th e  n itro g e n  atom,

c ,  some van der Waal a t t r a c t i o n  between a lk y l  groups of 

a d ja c e n t m o lecu les.

F ac to rs  ten d in g  to  d ec rease  m o lecu lar w eight were thought to  be;

a .  h in d ran ce  of th e  gegen io n ,

b . c lo se  approach of th e  charged  monomer h ead s,

c .  in c re a s e  in  a lk y l groups around th e  n itro g e n  atom, 

th e reb y  low ering  th e  " e f f e c t iv e "  d i e l e c t r i c  co n s tan t 

su rround ing  th e  charge ,

d . s e p a ra tio n  o f th e  hydrocarbon t a i l s  due to  b u lk in e ss

V I I I . BRIEF SUMMARY
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of a lk y l groups around th e  n itro g e n  atom .

The In flu e n c e  of th e  gegen Ion  on th e  equ ll i b r i m  s iz e  of 

th e  m ic e lle  was c le a r ly  dem onstrete d .  The e f f e c t  of th e  io d id e  

io n  compared to  th e  brom ide and c h lo r id e  io n s  appeared  to  be 

ou t of p ro p o rtio n  in  view of th e  r e l a t i v e  s iz e  o f th e  hyd ra ted  

Ions e s tim a ted  from c o n d u c tiv ity  d a ta .  However, th e  s iz e  of 

th e  m ic e l le  d id  n o t seem to  vary  as th e  s iz e  of th e  io n . The 

s i z e  of th e  m ic e lle  d id  vary  In v e rs e ly  as th e  degree of hydra­

t io n  of th e  io n , b u t t h i s  may be f o r tu i to u s .
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