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The eonlpara t ive ly  large amounts  of u ran ium and 
the form of the curve suggest  that  chemical combina- 
t ion and perhaps  solvation of metall ic  ions contr ibute  
to the high u ran ium content.  More work will be 
needed before definite conclusions can be drawn.  

T A B L E  I 

Metallic Content  of Emulsion Frac t ions  

Metals Oil Vegetation Mcmbranes  
water  

Iron,  p.p.m .................................. 1.9 54 3890 
Copper, p.p.m .............................. 0.02 8.6 1300 
Zinc, p.p.m ................................... 0.1 19.9 3915 
Manganese,  p.p.m ........................ 0.015 3.3 53.4 
Potassium, p.p.m ......................... 0.00 8000 1950 
Asb, % .......................................... 0 .014 1.97 9.2 
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T h e  t e m p e r a t u r e  d e p e n d e n c e  o f  m i e e l l a r  s o l u b i l i z a t i o n  w a s  
d e t e r m i n e d  :in t h e  1 8 0 ~ 1 7 6  t e m p e r n . t u r e  r a n g e  b y  u s i n g  
n d y e  s o l u b i l i z a t i o n  t e e h n i q u e  w i t h  b u i l t  a n d  u u l ) u i l t  s o l u t i o n s  
o f  t h r e e  h i g h - c l o u d  p o i n t ,  c o m m e r c i a l  su r fm . t :~n t s ,  one. a n i o n i c  
o f  t he  a l k y l a r y l  s u l l ) h o n a t e  t y p e  a n d  t w o  t y p e s  o f  n o n l o n i c  
n g e n t s .  I t  w a s  f o u n d  t h a t  t h e  l o g a r i t h m  o f  s o l u l f i l i z ' t t i o n  in  
b o t h  b u i l t  a n d  n n l m i l t  s o l u t i o n s  w a s  d i r e c t l y  1 ) ro l )o r t i on ' d  to  
t e m l ) e r a t u r e  ( soh f l ) J ] i z a t i on  w a s  a n  ( ,Xl)onent iaI  f u n c t i o n  o f  
t e m l ) e r n t u r e )  a n d  t h a t  t h e  log  s o l u l f i l i z a t i o n - t e m l > e r a t u r e  s l o p e s  
o f  t he  b u i l t  a n d  u n l ) u i l t  s o l u t i o n s  o f  e a c h  s u r f a e t a n t  w e r e  
n l ) p r o x i m ; l i e l y  p a r a l l e l .  

M 
II 'EI,I ,Alg S O L I I B H A Z A T I O N  i s  considered by s o m e  

inv( 'stigators to be one of the first actions of 
the detergency mechaaism (1).  I t  is there- 

fore impor tan t  to know how solubil ization varies 
with t empera tu re  under  field conditions. Whi le  hard  
Sllrt'aee, aqueous cleaning is usual ly  car r ied  out at  
elewtted temperatures ,  most of the l i t e ra tu re  da ta  
on solulli l ization are in the low 77~176 (25 ~  
50'~(L) range (2,3,4,5,6,7). These da ta  are not eom- 
ph~te (,noug'h to permi t  the der ivat ion  of solubiliza- 
l ion- tempera ture  funetions.  But  it is possible to 
pOStl,latc lha t  in this range sohIbilizing ac t iv i ty  in- 
<;reases with increasing t empera tn rc  and the tempera-  
lure  coet~icient of solubil ization varies  with the 
surfac ' tant  (5).  

This pape r  deals with the temlIeratnre  dependence 
of the mieel lar  solubil izing power of three impor t an t  
types of sur fae tan ts  in tlle 180~176 t empera tu re  
range. Sohit ions of all three surfaetants ,  two non- 
ionic ( imquding  a po lyoxye thy la ted  a lkyl  phenol)  
and one anionic, possessed high-cloud points  and were 
clear in the t empera tu re  range studied. A dye solu- 
bil ization technique was used with bui l t  and unbui l t  
su r fae tan t  solutions. Su r f ac t an t  and bui lder  concen- 
t ra t ions  were those obta in ing in prac t ica l  detergency.  

Materials 
Surfactants. Those used in this invest igat ion were 

300% active, commercial  products .  Two were non- 
ionic agents, polyoxyethylene sorbi tan monolaura te  
(PSML)  with a molecular  weight  of 1226 (according 

to the manufac tu re r )  and pentadeeaethyhm(,  glycol 
nonyl  phenyl  ether ( I ' ( I N P E ) ,  molecular  weight 880. 
The th i rd  su r fac tan t  was an anionic agent  of the 
alkyl  arylsul l )honate  type,  sodium dodeeyl benzene 
sulphonate  (S I )BS) ,  molecular  weight  346. 

Dye. Used ill the as-received (.ell<litton, this was 
Orange OT, l-()- tolylazo-2-naphthol .  

Builders. These were A.C.S. Na,,S().~ and technical  
grade Na5P30,). 

Experimental 
The exper imenta l  technique was that  used in a 

previous  s tudy  of nlicellar  sohlbil ization (8),  with 
the following challges p r i m a r i l y  because of the higher  
temperatures .  

a) Preheating time in the water bath prior h) a<ldition of 
dye was increased to 35 rain. The internetion period renmined 
25 rain. 

b) The iltteraction test tubes were given a repetitien of the 
initiM mixing at 8 and 16 rain. after qddition of dye to 
surfactant solution. 

e) Filtration was into a receiver placed in the thermostated 
water-ha th. 

d) Aliquots of the filtrqte were diluted with 1: 1, acetone- 
water mixture prior to determin,ntion of optieM density at a 
wave, length of 425 millimierons. The dilution was made by 
pouring slightly less than 5 ml. of the hot filtrate into nn 
ice-cooled, 2'5-ml. glass-stoppered type of graduated cylinder 
eontnining 20 ml. of 1: 1, acetone-water mixture measured at 
room temperature. The cylinder was stoppered, the eontents 
were mixed and 1)rought to room temperature, and the volume 
was noted. The size of the nliquot was given by the difference 
i n  v o l m n e ,  

Results and Discussion 
Table I gives the sohill i l ization of Orange OT (each 

value the average of a t  least two determinat ions)  at 
t empera tu res  of 180 ~ 160 ~ and 140~ in solutions 
of su r fac tau t s  P G N P E ,  PSML, and SDBS in dis- 
t i l led water  and in 0.025M and 0.05M Na2SO4 and 
NazPaO,i, respectively.  F o r  each temperature ,  solu- 
bil izations are given for three concentrat ions of each 
snrfae tant .  Some of the da ta  are p lot ted  in F i g u r e  1. 
The da ta  and graphs  indicate  tha t  :in the 180~176 
range the logar i thm of solubilization is d i rec t ly  pro- 
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TAI~LE 1 

M i( 'ellar Solubi / iza t ion  versus  T e m p e r a t u r e  

Telnper l l t l !  i'o~ 
~ S u r f a e t a n t  

180 I 'GN PE 

160 P G  N P E  

140 P G N  I 'E  

180 PSM L 

160 ]?SM L 

140 P S M L  

180 NI )BS  

160 S I ) B S  

140 S I ) I ~  

S u r f a e t a n t  
mo la r i t y  No bu i l de r  

rag" O r a n g e  OT Solubi l ized pe r  100-ml .  Solut ion  

.025M Na~SOI 

48 .3  
36 .0  
19.1  
33 .4  
27 .0  
14.3 
23 .4  
19 .4  
10.0  

32 .6  

.025  

.02 

.01 

.025 

.02 

.01 

.025  

.02 

.01 

.0145 

. 00725  

. 00363  

.0145  
.0O725 
. 00363  
.0145  
. 00725  
. 90363  

. 0 4 3 4  

.0289  

.0145  

. 0 4 3 4  

.0289  

.0145  

. 0 4 3 4  

.0289  

.0145  

50.1 
36 .4  
19.5  
33.9  
27 .8  
14.'1 
23.2  
19.7  
10.3 

30.5  
16.6  

9.4 
21.1 
11.1. 

6.3 
15.1 

8.3 
4.5 

I I . 0  
6.7 
2.9 
8.6 
5.0 
2.1 
6. <) 
4.2 
1.7 

18.6  
9.4 

21.1 
11.4 

6.4 
15.1  

8.1 
4.4 

13.0 
8.4 
3,8 
9.6 
6.2 
2.9 
7.8 
5.1 
2.4 

.05M Na.~SO/ 

48.1 
35.0  
19.1  
34 .4  
27 .0  
14.3  
23 .7  
18.8  
10.2  

32.9  
19.3  

9.3 
21 .5  
11.9 

6.5 
15.}I 

8.3 
4.4 

13 .6  
9.0 
4.1 

10.5  
6.9 
3.3 
8.5 
5.5 
2.7 

_ . 025M NaM'aOlo__ .055{ N~nl)aOm 

54.0  ins(flu/fles 
38.9 41 .6  
20 .0  20 .5  
35.6  "16.8 

/ 28.8 I 20.4 
15.5 I 1.5.7 
24.1  _ _  25 .6  
20.2  21.3  
11 .6  1 1.6 

33.0  
] 6.3 

(tlo II (I y 
22 .2  
] 2 .0  

30.1  
16.3 

9.1 
21.5  
11.7  

6.5 
15.2  

8.5 
4.9 

12.8  
8.5 
4.2 

10.1 
6.8 
3.4 
7.7 
5.3 
2.8 

L 

6.9 
I 5.!1 

8.9 
5.2 

13.7 
9.'3 
4.7 

10.7  
7.2 
3.8 
8.5 
5.9 
~ .2 

50 

40 

~0 

�9 q - - L / H E L # ~ T  0,02,5-/'7 P~NP~ 

B . -  o.01~,$- ~7 p 3 ~ Z  /d ;  O.O,~a'-,~ ,dh~ f3[)ta 

G -  0.007~5- /q fJ,a*lL /N O.D.J-/~ /ya S f jOto  

P,- UN~ILT O.O'r SPS..g 

~- 0.0~8~ ~ 2Z)~ /,4" 0,0~ /~ Naa SO ~ 

go. ,~o- Ao- 

F I ( L  1. Solubilization--Temperature f u n c t i o n .  

portional to temperature (solubilization is all ex- 
llonential function of teml)crature) and that the 
log solnbilization-temperature slopes of built and ml- 
built solutions of each surfactant  are substaniially 
parallel, The calculated values of the slopes are, given 
in Tal/le l I. 

Fur the r  examination of the data reveals that thc 
h)g sohlbilization-log concentration function for built 
and unbuilt  surfactallts is linear in ihe, 180~176 
range as well as at h)wer temperatures (8). 

Several effects of tnfildcrs on mi(,ellar solnhiliza- 
tion in the important  180~176 range are also 
apparent  front the data of Table I. This is particu- 
larly true of built solutions of the anionic surfaetant  
SDBS. lit is well�9 known that solubilization by ani- 
onic surfactants  is increased by the addition of in- 
organic builders. Now Table I indicates that for 
0.58:1 to 1.73:1 mole ratios of bnilder-SDBS (cov- 
ering 0.0289-0.0434M SDBS concentrations) the in- 
creased solubilization is independent of the type of 
builder (neutral Na2S04 or polyphosphate Na,~P301o), 
that is, equimolar amounts of Na2S04 or NasP3O10 
increase solubilization by SDBS equally. Since molar 
solutions of Na2S04 and NasP301o contain consider- 
ably different sodium contents (46 g./1. and 115 g/1., 
respectively),  the data do not support the theory 
that solubilizing power of a built anionic surfaetaut 
is a logarithmic function of the sodimn content of 
the builder (9).  

It is of interest that the data of Table I do not 

TAP, L E  I I  

Log" S o l u b i l i z a t i o n - - T e m p e r a t u r e  Slopes B e t w e e n  140  ~ and  180~ 

S u r f a c t a n t  

P G N : P E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P S M L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S D B S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S u r f a e t a n t  
ino la r i ty  

.025 

.02 

.01 

.0145  

. 0 0 7 2 5  

. 0 0 3 6 3  

. 0 4 3 4  

.0289  

.0145  

No bu i l de r  

. 0 0 8 4  

. 0 0 6 7  

.0069  

. 0 0 7 6  

. 0 0 7 5  

.0080  

. 6 0 5 1  

.0051 

.0058  

Slope 

.0255{ Na2SO,~ .O5M Na2SO~ 

.0079  . 0 9 7 7  

.0O67 .0068  
,0070  . 0 0 6 8  

. 0 0 8 4  .0083  

.9090  .0092  

.0082  .0081  

.0055  .0051  

. 0 0 5 4  .0053  

.0050  .0045  

.O25M Na~e3OJo 
I .0089  

.0071  

.0059  

. 0 0 7 4  

.0071 

. 0 0 6 7  

.0055  

. 0 0 5 1  

. 0 0 4 4  

.O5M Na~P:~Om 

.0079  

.0073  

.0062  

.0081  

.0066  

.0061  

.0052  

.0049  
.0042  
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show an uni form t rend in the 180~176 range 
for  the effect of builders on the solubilization of the 
two nonionic agents. Nonionic concentration, builder- 
nonionie mole ratio, tempera ture ,  and builder type  
appea r  to exert specific influences on the solubiliza- 
tion of specific builder-nonionie combinations. Pre-  
vious work at this labora tory  had shown tha t  builder  
addit ions to 0.0062M oetyl phenyl  deeaethylene gly- 
col ether decreased Orange OT solubilization at  122~ 
for  4.6 : 1 to 11.4 : 1 mole ratios of Na2SO4-surfactant 
and for  2 .4:1  to 6.1 : 1 mole ratios of Na4P207-surf- 
a r ran t  (7). Similar  decreased solubilization by the 
related nonionic P G N P E  was obtained in this investi- 
gation in 0.01-0.025 M P G N P E  at 1 : 1  to 5 : 1  mole 
rat ios of Na2SO4-surfaetant at 180~ At  160 ~ and 
]40~ there was substant ia l ly  no effect on solubili- 
zation by added Na2SO4 at the same builder and 
P G N P E  concentrations. At  180 ~ 160 ~ and 140~ 
addit ions of Na~PaO~o increased solubilization by 
0.01-0.025M P G N P E  at 1 :1  to 5 : ]  mole ratios of 
Na,~P301o-surfaetant. 

S imilar ly  in previous work with 0.0033M P S M L  
at this labora tory  (7) it was found that  the Orange 
OT solubilization at 122~ was substant ia l ly  un- 

affected by additions of Na2S04 and Na~P207 at 
8.7 : 1 to 21.6 : 1 mole rat ios of Na2SO4-surfactant and 
at 4.6 : 1 to 11.7 : 1 mole ratios of Na4P2OT-surfaetant. 
In  this investigation the solubilization of 0.00725- 
0.0145M P S M L  was increased by 0.025-0.05M addi- 
tions of Na2SO4 at 180~ while these addit ions had 
no substant ial  effect at 160 ~ and 140~ The same 
builder addit ions to 0.00363M P S M L  had no effect 
Oil solubilization at 180 ~ 160 ~ and 140~ 
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�9 Letter to tke Editor 

Triglyceride Elution by Gas Chromatography 

W 
l'; W I S l l  TO R E P O R T  a new"  development ill 
gas-liq uid phase chromatography  ( G L P C )  
analysis of f a t s  and oils, not previously re- 

I)orled in the l i terature.  We have successfully elute(l 
trigly('e.ri(le.s, through tristearin,  with quant i ta t ive  
ilit(>l'l)r(,latioll through t r imyris tbl ,  and quali tat ive 
through tr istearin,  including most common edible 
(ills ( Figure ] ). 

()ur initial studies gave us separat ion (ff the simple 
lrigly('erhles, with both quant i ta t ive and quali tat ive 
interl)rehtlilm , t r ibu ty r in  through t r ipa lmi t in  in poly- 
(*st(~r-lla(,kl,/1 colmnns [ " C r a i g "  p( l lyes ter - -e thylmm 
glycol-sl l ( 'cdnate MW~100() ,  30% ou C h r o m o s o r b  
" W "  (30/60 mesh) ,  18-ira cohuull,  operat ing at, 
250~ 50 ml. /min.  He flliw]. Bl~eause~ (if the degra- 
(talion of the polyester we have ril)t a t tempted  to 
operate  these columns higher than 300~ 

We have extended the ell~ti(lllS through tristearin,  
using a silicone liquid phase at t empera tures  up to 
:/50~ The silicone used was fraet ionated f rom Dow 
Corning high-vacuum grease disl]erse(l in ethyl ace- 
tate. A typical  column used in this phase is an 18-in. 
stainless steel tube, packed with 3(V)~. silicone on 
Chromosorb " W "  (30/60 mesh),  operat ing at 300 
to 35(}~ with 50 to 200 ml.,/nlin. He flow. Table l 
shows a typical  duplicate analysis of a synthetic 
mixture.  F igure  2 shows tyl)i(,al h)g-retention plots 
for the eohmms used. 

Despite what appears  to be moderate  degradat ion 
we have repeatedly  reproduced the " f i n g e r p r i n t "  of 

T A  B IA,] I 
Q l l a l l t i t . l l t i ve  : I n t e r p r e t a t i o n  o f  ( I I A ~ C  E h l l i o n .  

T r i i ) l l t y r i i l  T h r o u g i i  T r i n i y  �9 s t i n  

St l l l l  i l l r d  M i x t l l l ' e  (JllrVl~ ] (~lli-Vl! ] [ 
' r r i ~  y r ,  'i I ,  Mo le  % W, . i~ l , t  % a rea  '~ ure l ,  '/,. 

I . . . . . . . . .  

B u t y r i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 .9  X. I  I 8 . 15  12.2 
liexaaoic. .......................... 10.3 ] 7.18 I 1.2 1134 
Oetanoic ............................. 8.54 r 7.25 14.2 I (t.0 
I)ecanoic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17.9 17 .93  21.2 2"1.4 
Lauric ................................. 22.3 ] 25.71 29.7 26.0 
M v ~ ' i s t i ( . .  . . . .  : " ' v : ' .  . . . . . .  7 5 . . ( )  / :13.82 ] 5.3 I 6 .4  

edible oils, alld the enrves  givell ill F igure  1 appea r  
as ex(fclh'llt quali tat ive chit]on curves. 

The e(libl/~ oils containing a prl~ponderallee of low- 
/q'-molcmilar-weight f a t t y  acids (hut ter  anll eoeomlt) 
give ehltilln Cllrves without  i legradatiou I)roblems. ] t  
is interest ing to note that  trotter oil shows 17 peaks, 
all reasonably symmetrical ,  alid eoeonu t ]  5 peaks, ]li- 
d]eating 17 and ]5 different mole(;ular-weight trigly('- 
erides for  these oils, respectively. 

The tr iglyeerides used in this work were prepared 
by s tandard  ZnCl., catalyzed ester]float]oil, followed 
by distillation and /o r  crystallization. 

The iustrmnell t  is based on the Aerograph (Wil- 
kins I n s t r u m e n t  Conlpany) c i rcui t ry  with eonvell- 
t ional oven and cell gemnetry.  The tell is Gow-Mac 
T E [ I I  Model 9230, with four  tungsten filaments op- 
erat ing at  --~ 200 ma, ] 2 volts DC. 

Column tempera tures  for the work ranged f rom 
o 229 through 330 C., cell t empera tures  were kept  a t  

or sl ightly above column temperatures ,  injection and 


