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Although the analytical procedure reported here 
was designed primarily for the analysis of cottonseed 
products, it has been found to be applicable to the 
analysis of peanut products and a variety of other 
agricultural materials. These applications will be out- 
lined in a subsequent communication. 
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Abstract 
Elementary sulfur, long chain thiols and sul- 

fides in lipid mixtures can be separated and 
identified by thin layer chromatography (TLC), 
preparation of derivatives, development of typ- 
ical flourescent colors with Rhodamine 6G under 
ultraviolet light, and colors with other spray 
reagents. Silica gel mixed with magnesium silic- 
ate and the same adsorbent plus silver nitrate 
are used for polar stationary phase and silver 
nitrate complexing chromatography, respectively. 

Elementary sulfur yields a purple fluorescent 
spot with Rhodamine 6G in contrast to the yellow 
fluorescent of most lipids. Compounds isolated 
by means of TLC were further identified by spec- 
troscopic methods. The sulfur bacterium (Chro- 
matium sp.), and the Orgueil carbonaceous me- 
teorite were analyzed by the new technique. 
Elementary sulfur was identified in both samples, 
but the lipid compositions of the bacteria and 
meteorite were found to be entirely different. 
The meteorite lipids and hydrocarbons were also 
different from the abiological hydrocarbons syn- 
thesized in a Miller high frequency spark dis- 
charge experiment. 

The new analytical technique is suitable for 
the analysis of recent biological matter, petro- 
leum, bitumens and organic matter from marine 
sediments. 

Introduction 

A STUDY OF LIPIDS in sulfur bacteria, petroleum, 
and carbonaceous stony meteorites resulted in 

the development of a chromatographic technique for 
the detection of trace quantities of elementary sul- 
fur  and organic sulfur compounds. The desirability 
of a technique to identify sulfur and sulfur com- 
pounds in lipid extracts was emphasized by the ap- 

pearance of a number of well defined but unknown 
spots on the thin-layer ehromatograms of lipid mix- 
tures isolated from substances known to contain sul- 
fur  in some form. Standard methods of sulfur 
anaylsis did not appear to be applicable to sulfur 
determination in lipids. 

Several of the standard analytical methods for 
determining trace quantities of sulfur and sulfur 
compounds are based on reaction with metal ions 
(1,2), oxidation (3,4,5,) and colorimetrie determin- 
ations (6,7). Chromatographic methods have been 
used repeatedly in recent years. Sulfur compounds 
from large samples of petroleum have been identified 
by Smith et al. (8,9) by column chromatography. 
Ertel and Itorner (10) separated a few sulfur com- 
pounds from microgram quantities of samples by 
TLC. Mangold (11) has reviewed some of the ap- 
plications of TLC for lipids and quantitative TLC 
of lipids has been discussed in detail by Privett et 
al. (12,13,14). 

Two approaches were used in the course of de- 
veloping the present analytical procedure. First, 
experiments were performed with pure standards. 
Secondly, unidentified components of natural samples 
were separated by TLC, elated from the adsorbent, 
and analyzed by suitable chemical means as well as 
IR and UV spectroscopy. TLC included 1) polar 
stationary phase and 2) polar stationary phase im- 
pregnated with silver nitrate. The overall technique 
oermits identification of sulfides, thiols and elemen- 
tary sulfur in the presence of hydrocarbons, fat ty 
acids, fat ty alcohols, esters and amines. 

Materials and Methods 
The following materials were used: 
Methyl oetadecanoate, Nutritional Biochemieals 

Corp, 99% purity. 
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FIG. 1. TLC to show migration of standards. Aseendlng 
chromatography with silieic aeid-magnesiunl silicate adsorbent, 
n-hexane as solvent, development at room temperature, and 
Rhodamine 6G spray. Impurities in adsorbent pushed to end of 
plate by ascending development wash with chloroform prior to 
application of samples. Applications: 1) 20 ~g squalene; 2) 
10 ~g fl-earotene (no spot seen) ; 3) 20 t*g dotriacontane; 4) 20 
~g oetadeeane; 5) 20 /zg di-n-octadeeyl trisulfide, and 6) 20 t*g 
oetadecyithiol (upper two spots from sulfides, lower spot from 
thiol). Note the absence of llne across top of ehromatogram 
produced frora impurities (see :Fig. 2 without chloroform pre- 
wash). Note wide separation of unsaturated hydroearbon(squa- 
lene) from saturated hydrocarbons demonstrating the pro- 
nounced effect of double bonds and the very small difference 
in migration with large change in chain length. Sulfide and 
thiol are separated from each other and from saturated hydro- 
carbons (compare Fig. 4 where the same ehromatogram was 
sprayed with the charring reagent). 

Fro. 2. TLC to show improved separation of standards at 
4C. Silicic acid-magnesimn silicate adsorbent, neohexane as 
solvent, ascending development at 4C temperature, and Rho- 
damine 6G spray. Applications: 1) 40 ug octadecane; 2) 20 
~g of di-n-oetadeeyl trisulfide; 3) 20 /*g elementary sulfur; 4) 
20 ag octadecylthlol; and 5) 20 ~g squalene. Note the improved 
resolution at 4C compared to 25C (Fig. 1) and the presence 
of a~ impurity line at the solvent front (no CttC18 prewash) 
in contrast to its absence in Fig. I. 

FIG. 3. TLC to illustrat~ components in various samples. 
Sillclc acid-magnesium silicate adsorbent, n-hexane as solvent, 
sscend~ng development at 25C, and Rhodamine 6G spray. Ap- 
plications: 1) 20 ~g of octadeeane; 2) 100 ~g commercial 
motor oil; 3) 100 t~g of laboratory pump o11; 4) 100 ~g of 
Rozel point crude petroleum (seep) ; 5) 100 t~g of a naphthenie 
acid fraction isolated from combined petroleum stocks; 6) 
100 t~g of extract from banana p~lm leaves; 7) 100 t~g of 
material scraped from the electrode of a Miller high frequency 
spark discharge apparatus in which CH,, NHa and ~I~O were 
subjected to sparking; and 8) 20 l~g of phenanthrene. The 
motor oil sam]ale contained polar components not seen in 
pump oil. Crude petroleum and the naphthenie acid fraction 
of petroleum coutalned smaller amounts of the saturated and 
unsaturated hydrocarbons characteristic of pump and motor 
oils. The banana palm extract is seen to contain a variety 
of hydroe,~rbons. The presence of hydrocarbons in the Miller 
experiment is seen (appl~catlon 7). Note the unidentified 
component in application 7 which has moved ahead of oc- 
tadecane. 

FIO. 4. TLC to demonstrate result of spraying with the 
sulfuric acld-dichromate spray after Rhodamlne 6G. Same 
chromatogram shown in Fig. 1. The relatively light spot of 
octadecaue (application 4) indicates loss of the more volatile 
hydrocarbons by heating at 180C. 
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Di -n -oc tadecy l  sulfide,  d i -n -oc tadecy l  disulf ide,  d i -  
n -oc tadecy l  t r i su l f ide ,  a n d  d i -n -oc tadeey l  te t rasu l f ide ,  
ob ta ined  t h r o u g h  the  cou r t e sy  of N. Nieola ides  of 
the U n i v e r s i t y  of Oregon  Medica l  School.  

A r o m a t i c  h y d r o c a r b o n s :  p , p ' - b i t o l y l ,  re tene,  pe ry -  
lene a n d  p - q u i n q u e p h e n y l ,  Me t ro  Scient if ic ,  Inc. ,  Long  
I s l and ,  N.Y. H y d r o c a r b o n  K i t s  1 a n d  2 s u p p l i e d  b y  
K & K Labs ,  Inc. ,  P l a inv i ew ,  N.Y. 

P h e n a n t h r e n e ,  p r a c t i c a l  g rade ,  E a s t m a n  Chemicals  
Company .  

S u l f u r  flowers,  B a k e r  a n d  Adamson .  Disso lved  in  
hexane  to give a 1 m g / m l  solut ion.  

N - E t h y h n a l e i m i d e ,  D e l t a  Chemica l  W o r k s ,  Inc. ,  
......... .o~. -~,,~ . . . . . . .  ~)+~+: .~....~, ........... + p r a c t i c a l  g rade ,  r e e r y s t a l l i z e d  f r o m  hexane  before  use. 

H y d r o g e n  p e r o x i d e  (Supe roxo l ,  3 0 % ) .  
R h o d a m i n e  6G, A l l i e d  Chemica l  Corp. ,  1 ml. aque-  

ous s tock so lu t ion  (1 m g / m l )  d i l u t e d  w i th  100 m] 
wa te r  to give a 0.001% solut ion.  

Hexane ,  ch loroform,  benzene,  m e t h a n o l  (spectro-  
q u a l i t y ;  Matheson,  Coleman,  and  Bel l )  were f r e sh ly  
d i s t i l l ed  in  300 m m  co lumns  p a c k e d  w i th  Rasch ig  
r ings  be fore  use. 

E t h e r ,  abso lu te  a n h y d r o u s ,  M a l l i n c k r o d t  Chemical  
Co. 

S i l ica  Gel, P la in ,  Resea rch  Spec ia l t i e s  Co., Rich-  
mond,  Cal i f .  

S i l ica  Gel G, B r i n k m a n n  I n s t r u m e n t s  Co., Grea t  
Neck,  L o n g  I s l and ,  N.Y. 

M a g n e s i u m  si l icate ,  s y n t h e t i c ;  r a t i o  of magnes ium 
oxide to s i l ica  2:5,  m o i s t u r e  1 2 % ;  A l l e g h e n y  I n d u s -  
t r i a l  Chemica l  Corp. ,  B u t l e r ,  N .J .  

Preparation of  Thin Layers 

A m i x t u r e  of S i l i ca  Gel P l a i n  con t a in ing  10% 
(by  wt )  m a g n e s i u m  s i l ica te  was hea t  a c t i v a t e d  (120-  
150C for  3 -6  h r )  a n d  then. g r o u n d  in  a ba i l  mi l l  
wi th  l i g h t w e i g h t  ce ramic  ba l l s  for  ½ to 1 hr.  The  
a c t i v a t e d  adso rben t  was cooled in  a closed con ta ine r  
to p r e v e n t  u p t a k e  of mo i s tu re  and  ex t r aneous  sub- 
s tances  f rom a i r  a n d  s to red  in  a t i g h t l y  c a p p e d  con- 
t a i n e r  u n t i l  use. Othe r  ad so rben t s  were  not  hea t  
a c t i v a t e d  be fore  s p r e a d i n g  over  p la tes .  

A t h i n  s l u r r y  of  the  S i l i ca  Ge l -magnes ium si l icate  
adso rben t  cons i s t ing  of  25 g of  a d s o r b e n t  a n d  70 ml 
of wa te r  p r o v i d e d  a v e r y  u n i f o r m  l a y e r  when  s p r e a d  
f rom a Desaga  a p p l i c a t o r  (fixed dis tance ,  set a t  0.25 
ram) on glass p l a t e s  20×20  cm in size. S imi l a r ly ,  
S i l ica  Gel  G l aye r s  were  p r e p a r e d  f r o m  a s l u r r y  of 
25 gm of  a d s o r b e n t  a n d  63 ml  of water .  Th in  l aye r s  
were hea t  a c t i v a t e d  j u s t  be fo re  use (120C for  20 
ra in . ) ,  cooled for  30 rain,  a n d  p r e w a s h e d  wi th  chlo- 
r o f o r m  before  sample  a p p l i c a t i o n  (15) .  

The s i lver  n i t r a t e  i m p r e g n a t e d  l aye r s  were pre-  
p a r e d  b y  s p r a y i n g  a n o r m a l  S i l ica  Ge l -magnes ium 
si l icate  l a y e r  wi th  a s a t u r a t e d  aqueous  solut ion of 
s i lver  n i t r a t e .  E a c h  l a y e r  was d r i e d  fo r  ~ h r  a t  
120C, a n d  a f t e r  r emova l  f r o m  the  oven was p ro -  
tec ted  f rom d i r ec t  l i g h t  be fo re  spo t t ing .  

Prewashing  the Thin Layers 

A p r e l i m i n a r y  wash  w i th  ch lo ro fo rm is des i rab le  
wi th  bo th  S i l ica  Ge l -magnes ium s i l ica te  a n d  S i l ica  
Gel G l a y e r s  for  r emova l  of  va r ious  i m p u r i t i e s  in  
the  adsorben t s ,  p a r t i c u l a r l y  when l i p i d s  a re  to be 
i so la ted  f r o m  the  adsorbents .  W a s h i n g  was p e r f o r m e d  
b y  the  a scend ing  t echn ique  in  c h r o m a t o g r a p h y  cham- 
bers  l ined  on al l  s ides w i th  so lvent  s a t u r a t e d  W h a t -  
m a n  No. 1 or  No. 3 f i l ter  pape r .  
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Sample Application 

Samples  were dissolved in  chloroform, carbon  te t ra-  
chloride, or hexane (usua l ly  a t  a concen t ra t ion  of 
2.5 m g / m l )  and  were stored, before appl ica t ion ,  in  
g r adua t ed  glass s toppered cen t r i fuge  tubes  to pre- 
ven t  changes in  concen t ra t ion  due to solvent  evapor-  
ation. Samples  were appl ied  to the adsorben t  f rom 
a 50t~l sy r inge  by  spo t t ing  several  smal l  drops  of 
the sample in  a hor izonta l  row 1 em long. This spot- 
t ing  technique  resul ted in  be t te r  resolut ion of com- 
ponents  of the chromatograms  by  g iv ing  oval-shaped 
spots (16).  
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Development of Chromatograms 

Chromatograms  were developed in  glass chambers  
(11-3~ × 11 × 4 in . )  l ined  on all sides with W h a t m a n  
No. 1 or No. 3 filter paper .  The solvent  (200 ml)  
was added  a n d  the l iners  wet by  t i l t i ng  chambers  
first to one side and  then  to the other a few minu te s  
before in se r t ion  of plates. I t  is i m p o r t a n t  to avoid 
in te r fe rence  f rom silicone grease and  other common 
labora to ry  c o n t a m i n a n t s  d u r i n g  development .  Sui t -  
able t ight- f i t t ing,  ground-glass  chamber  tops can be 
held in  place sa t i s fac tor i ly  wi th  a weight  and  with- 
out grease. 

Spraying of Chromatograms 
Chromatograms  were sp rayed  wi th in  a few min-  

utes af ter  removal  f rom the developing chamber.  
L ip ids  were detected wi th  one of several  reagents.  
Rhodamine  6G ei ther  as a 0.001% solut ion in  water  
or a 0.002% solu t ion  in  2 N K O t t  are use fu l  general  
sp ray  reagents  (16,17). Chromatograms  were viewed 
wet u n d e r  shor t  wave U V  l igh t  a n d  then  allowed 
to d ry  since some l ip ids  show character is t ic  color 
changes on d r y i n g  and  some spots become more in-  
tense. Spots  may  be more in tense  wi th  the a lkal ine  
reagent ,  bu t  the dye in  water  (no K O H )  mus t  be 
used when l ip ids  are to be isolated f rom ehromato- 
grams. Al l  l ipids,  hydrocarbons ,  and  e l emen ta ry  
su l fu r  giv e spots wi th  these dye solutions.  A f t e r  
d ry ing ,  chromatograms  sp rayed  with the aqueous 
reagent  can be sprayed  wi th  the su l fu r i c  acid-dichro-  
mate ( c h a r r i n g )  or p h o s p h o m o l y b d a t e  r e a g e n t s .  
Pla tes  sp rayed  wi th  0.6% solut ion of po tass ium 
dichromate  in  55% (by wt)  su l fu r i c  acid (15) were 
heated a t  180C u n t i l  f u m i n g  ceased, p r o d u c i n g  b rown  
or black char red  spots f rom lipids.  E l e m e n t a r y  sul- 
f u r  does no t  react  and  is lost f rom the p la te  d u r i n g  
heat ing.  Phosphomolybdic  acid as a 10% solut ion in  
absolute e thanol  produces  blue spots on a white  or 
pale yellow b a c k g r o u n d  a f t e r  hea t ing  for  about  10 
rain at  120C. E l e m e n t a r y  s u l f u r  and  l ip ids  such as 
b i to lyl  t ha t  are lost f rom the p la te  p r io r  to react ion 
at 120C can give good spots wi th  this  r eagen t  if  
color deve lopment  is begun  in  an  oven at  about  40C 
and  the t e m p e r a t u r e  increased  to 120C over a 3-5  
min  (Fig.  6). A sa tu ra t ed  aqueous solut ion of si lver 
n i t r a t e  app l ied  as a ve ry  fine mis t  provides  a use- 
fu l  and  sensi t ive sp r ay  for  e l emen ta ry  s u l f u r  (pro- 
duc ing  an  orange colored spot) and  to a lesser 
ex tent  thiols and  sulfides. React ion  is i n s t an t a ne ous  
at room temp. 

l~-Ethylmaleimide Derivatives 

The reac t ion  of thiols wi th  N-e thylmale imide  was 
carr ied  out  e i ther  in  solut ion or d i rec t ly  on the t h i n  
layer  pla tes  (see Fig.  5). The reagen t  appears  to 
be specific for thiol  groups  in  a m a n n e r  analogous 
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Fro. 5. TLC to show reaction of thiol with N-ethylmaleimide 
and elementary sulfur. Silicic acid-magnesium silicate ad- 
sorbent, ascending development with n-hexane at 250, sprayed 
with sulfuric acid-dichromate reagent and heated for spot 
development. Applications: 1) 50 t~g of octadecylthiol (upper 
spot from corresponding sulfide); 2) and 3) 40 t~g of thiol 
reacted in n-hexane with 3- and 5 fold excess of NEM, re- 
spectively; 4) 50 ~g of NE1V[ reagent only (no spot); 5) 
50 ~g of octadecylthiol spotted then spotted over with 50 ug 
NE]Yl in n-hexane; 6) mixture of 25 t~g of oetadecylthiol and 
25 ~g of elementary sulfur. 

FIG. 6. TLC to show reversal of the order of migration of 
elementary sulfur with respect to thlol and sulfide. Silieie 
acid-magnesium silicate adsorbent, ascending development at 
25C with n-hexane/diethyl ether 96/4, sprayed with phos- 
phomolybdic acid reagent and heated to develop spots. Ap- 
plications: 1) 10 ~g of dotriaeontane; 2) 25 ~g of octadecane; 
3) 25 /~g of elementary sulfur; 4) 25 t~g of di-n-octadeyl tri- 
sulfide; 5) 25 tLg of octadecylthiol; 6) 25 t~g of squalenc; 7) 
25 #g of p, p'-bitolyl; and 8) 25 ~g of retene. Note that el- 
ementary sulfur (3) migrates behind sulfide (4) and thiol (5) 
in contrast to the reverse order with n-hexane as solvent. Both 
elementary sulfur (3) and bitolyl (7) gave good spots with the 
phosphomoybdatc reagent since color was developed by placing 
the chromatogram in an oven at 40C and allowing the temp 
to rise to ]20C over a period of 4 mln to avoid heat loss 
of volatile substances prior to reaction. 

FIG. 7. TLC to show elementary sulfur and liplds in the 
Orgueil carbonaceous stony meteorite and the sulfur bacterium 
(Chromatoum sp.). Commercial Silica Gel G adsorbent (CaSO~ 
as the binder), ascending development with n-hexane at 25C 
and spots developed with Rhodamine 6G spray. Applications: 
1) 25 t~g of octadeeane; 2) 1O0 ~g Orgueil meteorite extract; 
3) 100 ~g of sulfur bacterium extract; 4) 50 t~g of elementalT 
sulfur; 5) 25 tLg of di-n-octadecyl trisulfide; and 6) 25 ~g of 
octadecylthio]. Note the presence of hydrocarbon (upper 
spot) and sufur (larger, dark spot) in the meteorite (2) and 
bacterial (3) extracts. The bacterial extract (3) contains 
more polar components that do not migrate from the origin 
(compare l~ig. 9). 

FIG. 8. TLC to show the more polar components of the 
Orguell carbonaceous meteorite and the sulfur bacterium (Chro- 
matium sp.). Commercial Silica Gel G adsorbent (CaSO~ as 
binder), ascending development at 25C with n-hexane/diethyl 
ether/glaclal acetic acid (70/30/1, v/v/v),  and alkaline Rho- 
damine 6G spray. Applications: 1) 25 ~g ectadecane; 2) 100 
tLg of Orgueil meteorite extract; 3) 100 ~g of sulfur bacteria 
extract; 4) 20 ~g of elementary sulfur (the purple spot not 
seen against the dark purple background produced by the 
reagent); 5) 25 t~g of oetodecylthi01; 6) 25 ~g of methyl 
octadecanoate; and 7) 25 ~g of octadeeanole acid. Note the 
light spots in the region for fatty acids in the meteorite ex- 
tract (2) tha~ are much more prominent in bacterial extract 
(3) and trace of ester in bacterial extract only. 
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Fro. 9. TLC paragraph to show the presence of natural 
fluorescent material in the Orgueil meteorite. The same chro- 
matogram as shown in :Pig. 8 but photographed under UV light 
prior to staining with Rhodamine 6G. Fig. 9 shows the presence 
of fluorescen~ material in (2) from the Orgueil meteorite and 
the lack of the streak of fluorescent substances in the bacterial 
extract (3). 

to reactions with amino acids and proteins (18,19). 
In  a small glass-stoppered centr i fuge tube 0.5 ml of a 
lipid solution was added to a threefold excess (three 
times the mill iequivalent weight of the lipid stand- 
ards) of N-ethylmaleimide reagent  in carbon tetra-  
chloride solution. Reaction was almost instantaneous. 
To form the derivative direct ly on the adsorbent,  the 
thiols were spotted in the usual way and then at  
least a threefold excess of the N-ethylrnMeimide 
reagent was added direct ly over the sample area 
at  the origin on the plate. Since the N-ethylmaleimide 
reagent itself gives no color with Rhodamine 6G and 
the other reagents, it does not interfere in the visual- 
ization of Iipids (Fig.  5). 

Oxidation w i th  Hydrogen Peroxide  

The oxidation of thiols with hydrogen peroxide 
(20) was carried out in a manner  similar to tha t  
described for  the format ion  of the N-ethylmaleimide 

| 
Application of Samples to TLC Plates] in Two Parallel Steps 1 1 

1 [Formati°n °f Derivatives' I D  evelopment I Original Sample, Development 

L 
Polaroid Photography Before Spraying f 

i 
! 

Rhodamine 6G | Rhodamine 6G Staining [ Staining 

l 
I K~Cr~07-~ H2S0~ Spraying, ] Heat Treatment 

Rhodamine 6G I Staining 

Heat Treatment Alone 

1 
Elsmsntar~ ,~ul/ur 

FIG. 10. Flow sheet illustrating the basic steps in the thin- 
layer chromatographic analysis. Additional procedures, such 
as phosphomolybdic acid and silver nitrate staining, may be 
added to this scheme for purposes of confirmation. 
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derivatives of the su l fhydry l  compounds. The samples 
were dissolved in carbon tetraehloride or chloroform 
(0.5 ml) and they were shaken vigorously for  1 hr 
with 0.5 ml of 30% hydrogen peroxide. Af te r  re- 
moval of the water  layer  f rom the sample, t races of 
peroxide were removed by  evaporat ion of the sol- 
vents under  ni t rogen (excess peroxide may  cause 
streaking on chromatograms) .  At tempts  to form 
derivatives with hydrogen peroxide directly on the 
plates were successful, but  the excess peroxide caused 
some streaking. 

Recovery of  Sulfur and Sulfur Compounds Af ter  TLC 

Individual  components of the lipid mater ial  separ- 
ated by TLC were located with 0.001% Rhodamine 
6G, scraped off with a razor  blade, and eluted f rom 
the adsorbent  with hexane or chloroform. When 
Rhodamine 6G was used as a visualizer, elution of 
substances f rom the adsorbent  was accomplished by 
placing the adsorbent  over a short  column (2-3 in) 
of silica gel (Mallinckrodt)  packed in chloroform and 
eluting with chloroform. Silica gel retained the dye 
and released the desired components for  fu r the r  
analysis. 

R e s u l t s  

The overall technique is summarized in F igure  10. 

Migrat ion Characteristics and Color React ions 

Sulfur  and the sul fur  compounds examined in 
this s tudy did not migrate  as f a r  as saturated hydro- 
carbons but  migra ted  fa r the r  than  f a t ty  acids, esters, 
alcohols and amines on Silica Gel-magnesium silicate 
layers (Figs. 1,3,4,8). The following migrat ion se- 
quence was observed in the various solvent systems: 
sa tura ted  hydrocarbons > e lementary sulfur  > sul- 
fu r  compounds > unsa tura ted  hydrocarbons > esters 
> acids > alcohols > amines. Hexane and hexane- 
ether mixtures  are suitable solvents for  separat ing 
the lipids of low polarity-. 

Depending on the informat ion desired, the chro- 
matograms were sprayed with Rhodamine 6G, phos- 
phomolybdic acid, the sulfuric acid charr ing reagent,  
or silver n i t ra te  solution. The sulfur  compounds 
examined in this s tudy gave yellow flourescent spots 
on a pink or l ight  purple  background with Rhodamine 
6G under  UV light. E lementa ry  sulfur  gave an intense 
dark  purple  fluorescent spot with the same indicator 
on a pink or light purple  background. Spray ing  
with the other reagents produces colored spots on 
a white or yellow background under  visible light. 
Phosphomolybdie acid gives an immediate blue color 
reaction at  room temp with the thiol group only; 
other components are detectable af ter  heating at 120C 
for  10-20 rain. Elemental  sul fur  gives a spot that  
can be observed without staining by photography 
with the Polaroid camera on Pola  Pan  200/Type  42 
film with short  wave UV illumination. The spot is 
not detectable by  eye. 

On thin layers containing Silica Gel impregnated 
with silver ni trate,  su l fur  compounds reacted im- 
mediately with the silver ions pr ior  to development 
and  gave orange colored spots. These spots remain 
at the origin with hexane, hexane-ether (94/6) and 
hexane-ether (80/20) as solvents. 

Developing Solvents  

The R~ values of some of the compounds in different. 
solvent systems are listed in Table I. The resolutions 
of the nonpolar  components of the samples obtained 
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S a t u r a t e d  h y d r o c a r b o n s  
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O c t a d e c a n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S u l f u r  a n d  s u l f u r  compounds  
S u l f u r  ........................................... 
Di-n~octadoeyl t r i su l f ide  ................ 
Octadeeane th io l  ............................. 

U n s a t u r a t e d  h y d r o c a r b o n  
Squalene  ........................................ 

Aromat ic  h y d r o c a r b o n s  
p,p,-Bitolyl  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R e t e n e  ........................................... 

Perylene ........................................ 

p-Qu inquephenyI  ........................... [ 

~ V ~ U R P H Y  E T  A L .  : I D E N T I F I C A T I O N  O F  S U L F U R  

T A B L E  I 

R f  Va lues  fo r  I I y d r o e a r b o n s  a n d  S u l f u r  a n d  S u l f u r  C o m p o u n d s  
on Si l ica  Gel P l a i n  w i t h  1 0 %  M a g n e s i u m  Si l ica te  

(The  A r i t h m e t i c  M e a n  of These  R~ Va lues  is ± 0 . 0 6 ,  
B a s e d  on 26 D e t e r m i n a t i o n s  

S t r u c t u r e  or  S t r u c t u r a l  F o r m u l a  

CuH~ 
C~sHas 

S~ 
(C~sH~)  -S3- (C~sHa7 

C~sH~TSH 

[ (CHa) s C = C H C H ~ C t t ~ C  (CHa)  ----CHCH~CH2- 
C (CHa)  = O H C H P - )  ]~ 

~ I I a  
(C}Ia) . - I I C ~  

Solvent 

flex&no IIexane 
at room a t  40 

temp.  

0.81 0.92 
0.74 0.90 

0.61 0.80 
0,59 0.78 
0.47 0 .61 

0.37 0.41 

0,33 0,41 

0 .31 0.39 

0.22 ...... 

origin ...... 
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I-Iexane- IIexane- 
ether 

ether  9 4 / 6  (on 
9 6 / 4  Ag  + 

0.74 0.97 
0.67 0.95 

0.61 o r ig in  
0.70 o r ig in  
0.65 o r ig in  

0.66 0.06 

0.54 n o t  
de tec ted  

0.50 0.78 

0.36 0.14 

not  o r ig in  
detected 

with the branched chain solvents, neohexane and 
neopentane, and with cyclohexane, were approximately 
the same as the resolution obtained with n-hexane. 
A significant increase in  the resolution of hydro- 
carbons and sulfur  compounds did occur, however, 
when the chromatograms were developed with hexane 
at 4C or 10C rather  than room temperature  (compare 
Figs. 1 and 2). Two impurities in the oetadecane 
thiol sample became apparent  on a chromatogram de- 
veloped in the cold (Fig. 2). Improvement  in reso- 
lution with the other solvents at the low temps was 
not significant. The migration sequence was reversed 
in the hexane-ether ( 9 6 / 4 ) s y s t e m  (Fig. 6) with 
sulfide and thiol migrat ing ahead of elementary 
sulfur. 

Affect of Plate Lengths 

Increased resolution was obtained by doubling the 
length of the adsorbent layer  f rom the usual. 15 em 
to 30 cm. t tydrocarbons and sulfur  compounds were 
well separated on a double length layer. Dotriacon- 
tane migrated in f ront  of octadecane when developed 
with hexane. One of the impurities in the octadecane 
thiol sample, which was resolved in cold development, 
did not appear  on the double length layer, even 
though the separation of the two other components 
of this sample was increased over tha t  found at 
room temperature  or at  4C. 

Interactions Between Thiols and Elementary Sulfur 

Mixtures of elementary sulfur  and thiols did not 
show the typical  migrations of either substance alone 
(Fig. 5). Reaction evidently takes place. Wi th  a 
molar excess of elementary sulfur,  the thiol spot is mis- 
sing and a new spot, showing yellow fluorescence with 
Rhodamine 6G, appears in the sulfide region of the 
chromatogram. With a molar excess of thiol, the 
sulfur  spot disappears, some thiol can be seen, and 
what appears to be a sulfide spot is observed. When 
a stochiometric mixture of sulfur  and thiol is made 
in carbon tetrachloride and chromatographed on a 
thin layer plate, a new product  is obtained which 
appears to be a sulfide. Similar reactions between 
these two substances have been observed by other 
investigators (2,21,22,23). The exact  reaction mech- 

anism is  not known, although it  appears to be ana- 
logous to the usual disulfide exchange reaction of 
R S H  and R-S-S-R. This reaction occurs when samples 
contain both thiols and elementary sulfur  and may 
account for  the absence of thiols in sulfur  bacteria 
(Chromatium sp.) and carbonaceous meteorite or- 
ganic matter,  both of which contain an excess of 
elementary sulfur  (Fig. 7). 

D e r i v a t i v e s  

The presence of sulfides or thiols m synthetic 
lipid mixtures was confirmed by derivative formation 
followed by TLC. The plates were compared with 
the original chromatograms containing no derivatives. 
The N-ethylmaleimide (NEM) addition products  of 
thiols and the hydrogen peroxide oxidation products  
of thiols and sulfides remained at the origin when 
hexane was used to develop the chromatograms (Fig. 
5). Both of these reagents were insensitive to the 
spray reagents used for  visualization of lipid com- 
pounds and gave no color reactions by themseL.es. 
The identifications of questionable components on 
the original chromatogram became possible in this 
rnannner because of the absence of the spots f rom 
their  original position. When small samples were 
used, the derivatives were prepared direct ly on the 
adsorbent layer. Af ter  a sample was applied to the 
adsorbent in the usual manner,  excess reagent was 
added over the sample area. 

The reaction of NEM with thiols can be visualized 
as follows : 

R S H  + 

H 
1 

H-C C-H RS-C--CII2 
I I , I I 

C C C C 

1 1 
Cell5  C:H5 

Note the disappearance of the thiol spot, (appli- 
cations 2 and 3) on F igure  5, when reaction with 
NEM is carried out with excess reagent in the test 
tube and the incomplete reaction when the reagent 
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is spotted over the thiol spot on the plate. Reaction 
with NEM produces a derivative that  does not mi- 
grate f rom the origin, (applications 2,3,5). No thiol 
or sulfur spots are seen when equal wts of sulfur 
and thiol are mixed and a spot in the sulfide region 
appears. 

Hydrogen  peroxide oxidizes thiols to disulfides ac- 
cording to the following equation: 

2RSH + H202 ) RSSR + 2H20 

The derivatives are useful to obtain confirmatory 
evidence for  the presence of thiols and sulfides in 
samples. 

D e t e c t i o n  o f  H y d r o c a r b o n s  i n  Oi l s  and Other Samples 

Figure  3 shows the application of the chromato- 
grapme procedure to several types of samples. Pump 
and motor oils contain hydrocarbons (Pig. 3) that  
can be introduced into the analytical samples unless 
precautions are taken to vent  vacuum pump exhaust 
completely and remove traces of oil f rom laboratory 
glassware and equipment. TLC is helpful  in dis- 
closing such contaminations. Plants such as the 
banana palm yield a variety of hydrocarbons  (Fig. 3, 
application 6) as native components. The petroleum, 
(application 4) naphthenie acid (application 5) and 
the hydrocarbons (application 7) abiologieally syn- 
thesized by Miller high frequency spark discharge 
experiment f rom methane, ammonia and water  (sim- 
ulating conditions on the primitive earth) are of 
interest for  comparison with the Orgueil meteorite 
lipids (24). The Orgueil lipids seem to lack some 
of tt~e components present in each of these samples. 
The Orgueil sample seems to represent a unique com- 
position (25). 

A n a l y s i s  o f  T w o  N a t u r a l  S a m p l e s  C o n t a i n i n g  S u l f u r  

The new chromatographic methods of analysis 
were used with saponified benzene-methanol (60/40) 
Soxhlet extracts and the substances soluble in chlo- 
roform from the sulfur bacterium (Chromatium sp.), 
and from organic mat ter  in the Orgueil carbonaceous 
meteorite (Fig. 7). After  the I¢hodamine 60  spray, 
purple  fluorescent spots appeared on the plates in 
addition to the customary yellow spots. The purple 
spots had the same Re value as elementary sulfur 
(Fig. 7). Both the purple and some of the yellow 
staining spots were scraped off the plates with a 
razor blade, eluted from the adsorbent with chloroform 
or hexane/e ther  mixtures and subjected to fu r ther  
identification by spectroscopy. IR spectra were run 
with a Beckman Model IR-4 infrared spectrophoto- 
meter (NaCI optics) and the K B r  pelleting technique. 
The major  nonpolar, yellow staining fractions were 
identified as hydrocarbons. The purple  staining ma- 
terial moving just  below the hydrocarbon spot in the 
position of elementary sulfur  crystallized from sol- 
ution as a yellowish-white and finely divided crystal- 
line substance similar to a sample of elementary sulfur  
isolated in the same manner. This crystalline fract ion 
darkened silver upon heating and gave an IR spec- 
t rum identical with that  of elementary sulfur. UV 
spectra obtained with a Beckman DK2A spectrometer 
and hexane as solvent, showed absorption bands at 
260 me. and 280 m~ wavelengths as observed for 
elementary sulfur. I t  was therefore concluded that  
the purple  fluorescent material on the plates was in- 
deed elementary sulfur. 

The results obtained with natural  mixtures make 
it apparent  that  the technique is applicable for the 

analysis of natural  lipid mixtures containing sulfur. 
I f  the technique is followed carefully, differences in 
sample compositions can be defined. This is illus- 
t ra ted by the similarities and differences retold be- 
tween the sulfur  bacteria (Chromatium sp.) and the 
Orgueil carbonaceous meteorite organic matter.  Both 
of these samples contained hydrocarbons. Thiols were 
not detected, but  elementary sulfur  was present. They 
differed by the fact  that  the meteorite lacked some 
components, such as the ester fraction present in the 
bacteria and that  the fa t ty  acid content of the carbon- 
aceous meteorite was by an order of magnitude less 
than that  of Chromatium sp. (Fig. 8). The bacteria, 
on the other hand, did not contain a number of the 
natural ly  fluorescening, polar components of the me- 
teorite (Fig. 8). The two samples, shown in Figures 
7 9, were prepared  by different methods; the bac- 
terial sample was a saponified benzene-methanol 
Soxhlet extract  and the meteorite sample was a cold 
chloroform extract. I t  may be of interest to note 
that  these differences between these two substances 
were also clearly noticeable when both samples were 
prepared by the identical saponification process. This 
points out that  the two samples are basically different 
in character. The results (see Figs. 3,7,8,9) suggest 
that  the technique is applicable to the analysis of 
recent biological matter,  and may be useful for  
anMysis of petroleunls, bitumens and organic mat ter  
in marine sediments. 
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