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THIN LAYER CHROMATOGRAPHIC SCREENING OF COAL LIQUIDS 

R.  J. Artz and F. K. Schweighardt 

Corporate Research and Development Department 
Air Products and Chemicals, Inc. 

P. 0. Box 538 
Allentown, PA 18105 

ABSTRACT 

Procedures a re  described for  the thin layer chranatographic (TLC) 
analysis o f  coal-derived l iquids.  After solvent selection using 
Selectosol(1) radial TLC,  a ser ies  of compounds typical ly  found in 
coal l iquids was used t o  demonstrate the i r  elution behavior on 
s i l i c a  gel. 
s i l i c a  plates ser ies  developed with isooctane/tetrahydrofuran (THF) 
(80:20, v / v )  provided the best separation. 
was saturate  >hydroaromatic> polynuclear aranatic (PNA))phenols> 
nitrogen bases. The use of two-dimensional TLC w i t h  reverse phase 
a n d  s i l i ca  contiguous on the same plate (Whatman Multi-K) i s  discussed 
for  the rapid separation and identification o f  coal l iquid components. 
Trirnethyl s i ly l  ether derivatives were prepared of phenol s a n d  
alcohols present in coal conversion products. This technique 
proved most useful in t h a t  the TMS-derivatives behaved s imilar ly  to  
the i r  parent PNA, i n  order of elution, o n  s i l i c a  plates using a 
moderately active mobile phase (isooctane:THF,80:20, v / v ) .  TLC and 
the reactions described p r o v i d e  a semi-quantitative measure of the 
degree of hydrogenation of coal -derived l iquids.  

I t  was determined t h a t  unactivated (Brockman 4 )  

The order o f  elution 

INTRODUCTION 

As the fossil  fuel industry develops within the United States 
a n d  increases i ts  ab i l i t y  t o  convert bituminous coal t o  cleaner 
b u r n i n g  solvent refined coal (SRC)  and coal l iquids,  i t  becomes 
important t o  have a host of analytical methods for  the analysis of 
such coal -derived materials. During coal liquefaction major compo- 
s i t ional  changes occur t h a t  affect  the physical and chemical properties 
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1808 ARTZ AND SCHWEIGHARDT 

of the coal-derived recycle solvent that  transports the coal through 
the process. Heteroatan removal such as hydrodeni trogenation, hydro- 
desulfurization and hydrogenation of polynuclear aranatics are some 
of  the major reactions taking place within the recycle solvent. 
These canposi tional changes are  of special interest  because the 
amounts and kinds of species present re la te  to the potential of the 
solvent t o  donate or shuttle hydrogen. Coal conversion requires the 
transfer of hydrogen from the gas phase to  the whole coal or i t s  
thennolysis products th rough  the hydrogen donor sol vent. If  hydrogen 
cannot be shuttled fran the gas phase via the solvent t o  the coal 
canponents, regressive reactions ( 2 )  are  be1 ieved to occur, such 
tha t  "repolymerization" occurs t o  form much less  tractable products. 

The SRC-I process in particular requires a recycle solvent t h a t  
will carry the coal (30-40 w t  X )  into the reactor, dissolve i t s  
thennolysis products, and shut t le  hydrogen t o  free radical s i t e s  
before regressive reactions occur. Then, the recycle solvent must 
regenerate i t s e l f  i n  s i tu  w i t h  new gas phase hydrogen w i t h  the aid 
o f  coal minerals as catalyst .  Another process, Exxon Donor Solvent, 
(EDS) ( 3 )  re l ies  on removing the solvent from the main process 
stream and with a specific catalyst  increases the hydrogen content, 
then returns a d i s t i l l a t e  portion to  the process t o  continue liquefactiot 

This investigation has four major objectives: 

1 .  Using TLC, screen coal liquids for the presence of 
various classes of organic canpounds such as hydroarmatics, 
polynuclear aranatics (PNAs) ,  phenols, and nitrogen 
canpounds. 

2. Determine the effectiveness of hydrogenation treatment of 
coal l iquids by the conversion of aranatics t o  hydroaro- 
matics and the reduction of heteroaranatic species by 
assessing the chranatogram for  the relat ive intensity of 
fluoresence of these canpound classes. 
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TLC SCREENING OF COAL LIQUIDS 1809 

3. Use the  data fran TLC t o  

f o r  HPLC ana lys i s  o f  coa 
q u a n t i t a t i o n  and q u a l i t y  

determine s u i t a b l e  mobi le phases 

con t ro l .  
products f o r  more e f f i c i e n t  

4. Examine the  chramatographic behavior of t r i m e t h y l  s i l y l  
(TMS) e the r  d e r i v a t i v e s  o f  phenols and alcohols.  

i f  t h i s  procedure proves useful i n  cha rac te r i za t i on  o f  
these hydroxyl  canpounds on normal phase TLC and HPLC 
s i l i c a  because the d e r i v a t i v e s  would have t h e i r  po la r  

f u n c t i o n a l i t y  removed. 

Determine 

MATERIALS 
TLC Equipment 

A l l  solvents were HPLC grade and were obtained fra J. T. 
Baker Chemical Co., Ph i l l i psbu rg ,  NJ. TLC p la tes  were precoated 20 
x 20 an glass p la tes  fra the fo l l ow ing  manufacturers: Analtech, 

( S i l i c a  Gel GF, 6-613A, Reverse Phase - 9PS, Alumina GF, 6-601A) 
Sch le icher  and Schul l ,  Keene, NH, ( S i l i c a  Gel G 1500), and Whatman 
Inc., C l i f t o n ,  NJ (Mult i-K Type CS5, KC18/K5F). 
w i t h  e i t h e r  Cordis Combs (Cord is  Labs, P. 0. Box 370428 M i a m i ,  FL) 
o r  F isher  graduated 3 x 10 p L  TLC s p o t t i n g  rnicropipets. 
developing chamber was a standard glass tank from Pioneer S c i e n t i f i c  
Company, Wilmington, DE. Model canpounds examined i n  t h i s  r e p o r t  
were obtained f r a n  a number o f  sources. The m a j o r i t y  o f  standards 
were obtained from a l i b r a r y  of canpounds accumulated over the  past 

years from various coal research labora tor ies .  U1 t ra -pure  samples 
o f  1 -azafl uoranthene, 7-azafl uoranthene and 4-azapyrene Were obtained 
fran M. Zander o f  Rutgerswerke. Akteingesel l scha f t ,  Castrop - 
Rauxel , West Germany. Hexamethyldis i l izane was obtained from 
Supelco, Inc., Bel fonte,  PA. 

Plates were spotted 

The 

Coal-derived l i q u i d s  were obtained fran the  A i r  Products and 
Chenicals Inc., Coal Process Development U n i t  (CPDU), p i l o t  p l a n t  
a t  the Al lentown PA f a c i l i t y .  The sample designated Feed L i q u i d  
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1810 ART2 AND SCHWEICHARDT 

7 was sub jec ted  t o  hyd rogena t ion  a t  1.39 x 10  Pa, 415°C and a l i n e a r  

space v e l o c i t y  o f  0.5 h", and produced t h e  Product  L i q u i d  sample. 
Recyc le s o l v e n t s  were ob ta ined  f r a n  t h e  C a t a l y t i c  Inc., W i l s o n v i l l e ,  
AL SRC- I ,  6-Ton p e r  day P i l o t  P lan t .  

The coal  l i q u i d s  were separated i n t o  s a t u r a t e ,  a r a n a t i c ,  

See F igu res  l a  and b. 
phenol i c  and n i t r o g e n  base f r a c t i o n s  by  s o l  v e n t  e x t r a c t i o n  and 

column ch rana tog raph ic  techniques ( 4 ) .  

I n s t r u m e n t a t i o n  

H igh  Performance L i q u i d  Chranatography (HPLC) was performed on 
a Beckman-Altex L i q u i d  Chromatograph equipped w i th  Model l l O A  and 

Model 100 dual pumps, a Model 323, 254 rm f i x e d  wavelength d e t e c t o r  
and a H i t a c h i  Model 100-40 v a r i a b l e  wavelength s p e c t r o p h o t m e t e r .  

An A1 t e x  Model 500 Autosampler equipped w i t h  a 50 /1 L l o o p  was used 
t o  s tandard i ze  a1 1 sample i n j e c t i o n s .  F o r  normal phase opera t i ons ,  
t h e  A l t e x  U l t r a s p h e r e  5) s i l i c a  column was equipped w i t h  an A l t e x  
L i /Chroso rb  S I  60, 10) precolumn w h i l e  f o r  r e v e r s e  phase chromatography 
an A l t e x  U l t r a s p h e r e  ODS 5 p  column was used. 

I n f r a r e d  s p e c t r a  were ob ta ined  on a Perk in-Elmer Model 4 5 7  
i n f r a r e d  s p e c t r o p h o t m e t e r .  
d i s u l f i d e  s o l u t i o n s  i n  a Research and I n d u s t r i a l  I ns t rumen ts  Co., 

(England) v a r i a b l e  p a t h l e n g t h  c e l l  u s i n g  a i r  as a r e f e r e n c e .  

Samples were r u n  as d i l  U te  carbon 

METHODS 

T h i n  Layer  Chraa toq raDhy  - S o l v e n t  Sc reen ing  

The S and S Se lec toso l  system was used t o  de te rm ine  optimum 
s o l v e n t  c a n p o s i t i o n  f o r  a n a l y s i s .  T h i s  system employs smal l  f i b e r  
wicks,  s p o t t e d  w i t h  t h e  a p p r o p r i a t e  o r g a n i c  m i x t u r e  t o  be separated 
i n  c o n t a c t  w i th  a s tandard S i l i c a  GF TLC p l a t e .  A w i c k  i s  d ipped  
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TLC SCREENING OF COAL LIQUIDS 

Sol ubl e 

1811 

n- Pen t a  ne 

Sonication 

Insol ubl e 

Product L i  qu id a 

Oils 

Sol ubl  e 

Benzene 

\y Insoluble 

FIGURE l a .  Solvent Separation Scheme for a Product L i q u i d  

Asphal tenes . 

Soluble 

in to  a solvent well and the canponents o f  the mixture separa te  as 

concentric c i r c l e s  on the p la te .  This technique i s  ca l l ed  radial  
TLC. 

Pyr id i ne 

Insoluble 

TLC - One and Two Dimensional 

One and two-dimensional TLC employing conventional elution was 
carried ou t  in a standard rectangular g l a s s  t a n k .  All standard 
compounds were dissolved in methylene ch lor ide ,  the concentrations 
r a n g i n g  from 0.05 t o  3 . 5  mg/mL. 

TLC p l a t e s  employed in conventional, one-dimensional chranato- 
graphy were scored t o  provide  8 channels, 2.4 an wide p r i o r  t o  use. 
The o r i g i n  was spotted w i t h  lOpL o f  sample from a Cordis Comb. I f  
mul t ip le  appl ica t ions  were used, the spot was allowed to dry p r i o r  
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1812 ART2 AND SCHWEIGHARDT 

Saturates 
Aroma t i c s  

+NH3 Phenol i cs 
-Benzene 
- N H i C l  + n-pentane 

S i l  cia-A1 m i n a  Col umn 

f l uo rescen t  I nonf l  uorescent 

+CH30H 
+HCOOH rLi Phenol i cs 

f o r  Separation i n t o  N i t rogen Bases, Saturates 
F I G U R E  1 b. Column Chranatographic Separation Scheme 

Aromatics and Phenolics. 

t o  the next app l i ca t ion .  Spot t ing  o f  t he  Whatman Mul t i -K  p l a t e  was 
done w i t h  the F isher  30 X 1O)L TLC spo t t i ng  mic rop ipe ts  by app ly ing  
a 1O)L spot onto the reverse phase p o r t i o n  o f  the p la te .  

d rye r  was used t o  d r y  the  spot p r i o r  t o  the  a p p l i c a t i o n  of the  next 
component. 
t h e  spots f o r  each chranatogram. 
the  developing solvent, the  TLC p l a t e  was removed from the chamber, 
d r i e d  and returned t o  the chamber f o r  f u r t h e r  development using the  
fo l l ow ing  i n te rva l s ,  1/5, 2/5,  3/5, 4/5,  and up t o  19 an on the TLC 
p la te .  T’he chranatograms were v i sua l i zed  using the na tura l  f luorescence 

of many o f  the canponents under 366 nm uv r a d i a t i o n  o r  254 nm i n  the  
case o f  the s i l i c a  gel GF p la tes .  
t he  appropr iate p la tes  w i t h  0.1 fi NaOH so lu t i ons  of Fast Blue S a l t  8. 
This  diazo reagent reac ts  w i t h  phenols by coupl ing para t o  the OH 

A blow 

M u l t i p l e  development was used t o  concentrate the area of 
Spots were al lowed t o  r i s e  w i t h  

Phenols were v i sua l i zed  by spraying 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



TLC SCREENING OF COAL LIQUIDS 1813 

group t o  produce a purp le  spot. Most n i t rogen  heterocycles were 
f l uo rescen t  under long wave u l t r a v i o l e t  r a d i a t i o n  and those t h a t  d i d  
n o t  f luoresce were sprayed w i t h  a 0.1 1 AgN03/NH3 s o l u t i o n  t o  produce 

a black spot when exposed t o  v i s i b l e  l i g h t .  

A l l  chranatograms were photographed using a M ino l ta  SRT 10 
s i n g l e  lens  r e f l e x  camera with a Rokkor-PF f 1.7, 55 nun lens. 
Ektrachrane ASA 400 f i l m  was found t o  be s a t i s f a c t o r y  f o r  recor  i n g  
a l l  chranatograms under long o r  sho r t  wave u l t r a v i o l e t  rad ia t i on .  
The camera was mounted on a t r i p o d  and equipped w i t h  a cable release. 
Exposure t imes were 1/30 s f o r  254 nm l i g h t  and 1/8 s f o r  366 run 
1 i g h t .  

L i q u i d  Chrana toqraphy 
I n  comparing the TLC r e t a r d a t i o n  f a c t o r s  (Rf) f o r  s i l i c a  

p l a t e s  w i t h  HPLC r e t e n t i o n  times, t he  Beckman-A1 tex  1 i q u i d  chranato- 
graph was equipped w i t h  the  5,U u l  t rasphere s i l i c a  column and 
i s o c r a t i c a l l y  e lu ted  w i t h  80% isooctane, 20% THF a t  a f l o w  r a t e  o f  

I mL/min. The ODS column was e lu ted  w i t h  95% methanol and 5% water  
r u n  i s o c r a t i c a l l y  a t  a f l ow  r a t e  o f  1 mL/min. A l l  r e t e n t i o n  t imes 
a r e  reported as r e l a t i v e  t o  p o i n t  o f  sample i n j e c t i o n .  

T r i m e t h y l s i l y l  Der iva t ives  (5,61 

f i l t e r i n g  f l a s k  i n  turn,  50 mg o f  the  phenol, o r  a lcohol  o r  coal 

l i q u i d ,  
p y r i d i n e  - d5. 
so l ven t  pressure and t o  keep mois tu re  out. 
wrapped w i t h  Teflon sheet was used t o  seal the  f lask .  
was g e n t l y  re f l uxed  and sw i r l ed  on a h o t  p l a t e  f o r  0.5 t o  2 hours. 
Longer times were used t o  a l l ow  coal-derived phenols t o  react.  
A f t e r  the r e f l u x  period, t h e  m ix tu re  was t rans fe r red  t o  a 100 mL 

round bo t tan  f l a s k  a 1 mL benzene wash and the m ix tu re  f rozen i n  

l i q u i d  n i t rogen t o  remove benzene by sub l imat ion  under vacuum. Dry 
n i t rogen  gas was then b led  i n t o  the  f lask ,  and 2 mL o f  CS2 added. 

S i l y l  de r i va t i ves  were prepared by adding t o  a 50 mL s i d e  arm 

5 mL o f  benzene, 0.5 mL o f  hexamethy ld is i l i zane and 50,UL o f  
The f lask  was f i t t e d  w i t h  a Bunsen va lve  t o  re lease 

The m ix tu re  
A neoprene stopper 
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1814 ART2 AND SCHWEIGHARDT 

The sample was examined by i n f r a r e d  spect rophotometry  f o r  d isappearance 

o f  t h e  OH a b s o r p t i o n  band a t  3600 an" c h a r a c t e r i s t i c  o f  monaneric 
(non-hydrogen bonded) hyd roxy l  s. 

RESULTS AND DISCUSSION 

Sol v e n t  Sel ec t i  on 
One o b j e c t i v e  was t o  de te rm ine  t h e  b e s t  s o l v e n t  system f o r  

s e p a r a t i n g  coa l -de r i ved  l i q u i d s  on TLC so t h a t  t h e  r e s u l t s  c o u l d  be 
a p p l i e d  t o  HPLC a n a l y s i s .  A w ide  range of s o l v e n t s  and s o l v e n t  
m i x t u r e s  was examined u s i n g  t h e  S ti S S e l e c t a s o l  system. On S i l i c a  
ge l  GF, t h e  f o l l o w i n g  s o l v e n t s  were i n v e s t i g a t e d :  isooctane,  
t e t r a h y d r o f u r a n  (THF) , benzene, methanol and methy l  ene c h l o r i d e .  

The s o l v e n t  system t h a t  b e s t  separated a t o t a l  coal  l i q u i d  t h a t  
b o i l s  up t o  4 5 O O C  was isooctane/THF (80:20, v : v ) .  

A c t i v a t i o n  o f  TLC Plates:  

p l a t e s  p layed a reve rse  r o l e  i n  o u r  separa t i ons .  H i g h l y  a c t i v a t e d  
p l a t e s ,  w i t h  low wa te r  content ,  were d i f f i c u l t  t o  m a i n t a i n  and d i d  

n o t  p r o v i d e  t h e  b e s t  separa t i on .  

We determined t h a t  a c t i v a t i o n  ( w a t e r  c o n t e n t )  b f  t h e  s i l i c a  

Table 1 g i v e s  t h e  r e s u l t s  o f  

TABLE 1 

Comparison o f  A c t i v a t e d  and Unac t i va ted  S i l i c a  

Compound R, A c t i v a t e d  

0 
1 -Pyreno1 0.34 
F1 uorene 0.65 
Phenanthrene 0.59 
Acenaph thene 0.68 

R a t i o :  

R f  Unac t i va ted  Rf A 

0.38 1.1 
0.72 1.1 
0.67 1.1 
0.78 1.1 
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TLC SCREENING OF COAL LIQUIDS 1815 

canparing activated versus nonactivated TLC plates. We estimate 
tha t  our highest act ivi ty  achieved was nearly Brockman 1 (nlX H20) 
and the best operational plates had Brockman 3-4 ( ~ 8 %  H20). 
Table 1 also shows t h a t  the r a t io  Rf unactivated/Rf activated 
renains essent ia l ly  constant fo r  the canpounds tested,  showing t h a t  
the dlfference in Rf value I s  due to  the nonactivation of the plate  
rather than an  effect  due to  the canponent. 

With th i s  information we chranatographed over 40 canpounds as 
TLC standards. 
canponents of coal liquids. Table 2 l i s t s  selected standard compounds, 
t he i r  structures,  and Rf values. 
aromatic canpounds w i t h  no functional groups possess the highest Rf  
value while phenols and nitrogen-heterocycles possess re la t ively low 
Rf values. 

The majority of canpounds chranatographed are  known 

As can be seen from Table 2, 

The value of TLC as a screening tool for  canplex coal l iquids 
i s  due to  the fac t  that  the Rf values can be quickly determined and 
easi ly  measured. 
followed by aranatics ( P N A ' s )  with phenols and nitrogen hetrocycles 

Table 3 shows that  hydroaranatics e lu te  f i r s t  

a close third and fourth, respectively. 

Since the Rf  value depends on interactions between solute and 
solvent and  between solute and  adsorbent, the Rf values in Table 3 
provide good working ranges. Compounds such as phenols which can 
associate with the adsorbent have re la t ively low Rf values, while 
hydroaranatics and PNA's elute  fas ter .  Examination o f  the Rf values 
fo r  carbazol e (0.49) and N-ethyl carbazol e (0.59) shows tha t  when the 
N-H on carbazole i s  changed to an N - E t ,  the Rf value i s  increased. 
N-Ethylcarbazole's a t t ract ion for  the polar s i l i c a  adsorbent i s  a 
dipole-dipole interaction which i s  weaker than hydrogen bonding of 
a n  NH. 
o f  a stronger solvent a t t ract ion for  the former canpounds than for  
the l a t t e r  group. 

Hydroaranatics have larger Rf values t h a n  aranatics because 
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1816 ART2 AND SCKWEIGHARDT 

TABLE 2 

Retardation Factors for S i l  icd Plates Using 
Isooctane/THF (80:20, V / V )  

Corn pou nd 

Acenaph thene 

4 , 5 4 1  hydropyrene 

'2-Me thy1 naphtha1 ene 

Phenanthrene 

N-Ethyl carbazol e 

C h rys ene 

Cdrbazol e 

2-Naph tho1 

9-F1 uorenol 

1 -Pyreno1 

4-Azapyrene 

p-Phenyl phenol 

7-Azafl uoranthene 

Phenanthridene 

n 

08 0.78 - 
0.69 

Structure 

@ 

ic\ 

0.67 - 

0.67 - 0-0 
0.54 - m m  
0.50 c e  

m 0.44 - 

0.42 m"" 
0.40 - m 

b H  
0.34 

.m w 0.34 - 
W 

OH 0 .33  

0.32 - @ 
0.22 
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TLC SCREENING OF COAL LIQUIDS 

Table 3 

1817 

Means, Standard Deviat ions and Ranges o f  Rf Values 
f o r  Classes o f  Standard Canpounds 

Number of 
S Ranqe Compounds - Class Rf (man)  - 

Hyd r o a r a i l  t i c s  0.75 0.05 0.80-0.69 7 
A r a a t i c s  (PNA's )  0.60 0.11 0.74-0.32 9 
Phenols 0.37 0.09 0.46-0.16 1 1  
Ni t rogen Heterocycles 0.30 0.19 0.54-0.00 22 

Ef fec t iveness  o f  Hydro t rea t inq  o f  a Coal L i q u i d  

We app l ied  t h i s  TLC screening technique t o  the  eva lua t i on  o f  

I n  Table 4, the  sample designated Product 
the  e f fec t i veness  o f  hydrogenation o f  coal l i q u i d s  obtained from the 
CPDU f a c i l i t y  a t  APCI. 
L i q u i d  was a l i q u i d  obtained from the CPDU a f t e r  being subjected t o  
hydrogenation. 

The bands a t  Rf  values 0.13 and from 0.23 t o  0.36 I n  the  Feed 
L iqu id  were i d e n t i f i e d  as phenols by spraying w i t h  Fast Blue S a l t  B. 
F igu re  2, a photograph o f  the  TLC p la te ,  shows a darker  reg ion  o f  
t he  spots a t  Rf  values o f  0.78 and 0.82. These values a r e  w i t h i n  
the  range f o r  hydroaromatics (See Table 2). 
the  presence o f  hydroaranat ics i n  a product l i q u i d  I s  p a r t l c l u a r l y  
important i n  the maintenance o f  a good recyc le  so lvent  i n  the  
conversion o f  coal t o  a c lean burning fuel.  

As discussed prev ious ly ,  

Comparison o f  TLC and HPLC 

Our work w i t h  the ODs p la tes  involved cha rac te r i za t i on  o f  PNA's 
using a reverse phase mode. 

determine t h a t  a so l ven t  m ix tu re  of methanol: water ( 9 5 : 5 ,  v /v )  

The Selectasol  system was used t o  
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1818 ART2 AND SCHWEIGHARDT 

TABLE 4 

TLC Rf  Values o f  Feed and Hydro t rea ted  Product  L i q u i d s  
Using Isooctane/THF (80: 20, v / v )  

Product  L i q u i d  Feed L i q u i d  

0.82 
0.78 

0.75 
0.64 
0.21 

0.17 - 

0.77 
0.64 

0.36 
0.34 
0.29 

0.27 
0.25 
0.23 
0.19 
0.13 

p r o v i d e d  optimum ch rana tog raph ic  r e s o l u t i o n .  Table 5 shows r e s u l t s  
f rom TLC and HPLC u s i n g  methano1:water on ODS s t a t i o n a r y  phases. 

I t  must be kep t  i n  mind t h a t  t h e  g r e a t e r  t h e  Rf  v a l u e  f o r  TLC, t h e  
f a s t e r  t he  e l u t i o n  on HPLC. Thus, i n  b o t h  cases u s i n g  ODs S t a t i o n a r y  
phase, two- r i ng  canpounds (naphthalene)  e l u t e  f i r s t  fo l  lowed by 
t h r e e - r i n g  canpounds (phenanthrene and anthracene)  w i th  t h e  rema in ing  
f o u r - r i n g  (py rene)  canpounds e l u t i n g  l a s t .  I n  go ing  f rom TLC t o  

HPLC. we have found i t  necessary t o  decrease t h e  s t r e n g t h  of t h e  
s o l v e n t  by r a i s i n g  t h e  c o n c e n t r a t i o n  of water .  

Table 6 shows t h e  r e s u l t s  o f  t r a n s f e r r i n g  t h e  TLC d a t a  on 
s i l i c a  p l a t e s  t o  HPLC on a s i l i c a  column. 

F i g u r e  3 i s  a graph o f  t h e  da ta  and shows t h e  l i n e a r  r e l a t i o n s h i p  
achieved between TLC and HPLC r e t e n t i o n  va lues  f o r  t h e  comparison. 
D e v i a t i o n s  f rom l i n e a r i t y  a r e  due t o  v a r i a t i o n s  i n  t h e  adsorbent, 
p r i m a r i l y  f r a n  d i f f e r e n c e s  I n  p a r t i c l e  s i z e s  and pack ing  d e n s i t y .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



TLC SCREENING OF COAL LIQUIDS 1819 

* .  

. .  .. 
- .  . .  

.. . 

1 2 3 4 5 6 7 8  
FIGURE 2. Thin Layer Chromatogram of: 
1. Pyrene 
2. Impure 1-Pyrenol 
4 .  Anthracene 
5. Feed Liquid 
6. Fluorene 
7. Impure Indole 
8. 1-Acenaphthenol 

For example, the  s i l i c a  i n  the A l tex  s i l i c a  column has 80 A pore 

diameters and 91 p a r t i c l e  s izes wh i l e  the  S i l i c a  on Analtech S i l i c a  
Gel G p l a t e s  has 60 A pore diameters and 1 1 ~  p a r t i c l e  sizes. 

i n  a column f o r  HPLC i s  extremely t i g h t ,  u s u a l l y  made under 10000 
ps i ,  wh i l e  the TLC p la tes  have the  adsorbent bound by gypsum. 

Packing 

Alumina coated TLC p la tes  were inves t iga ted  and showed no rea l  

improvement over the  r e s u l t s  obtained by s i l  ica-,coated p la tes .  

Because some l i q u i d s  conta in  a m ix tu re  of ac id i c ,  bas ic  and neut ra l  
canponents, s i l i c a  provides the  bes t  canpranise on the a c t i v f t y  o f  
the  adsorbent. 
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1820 ART2 AND SCHWEICHARDT 

TABLE 5 

On ODs S t a t i o n a r y  Phases Using CH30H:H20 
Comparison o f  R e t e n t i o n  (Rf,  tR) R e s u l t s  o f  TLC and HPLC 

Compound 

Naphthalene 

Phenanthrene 
Anthracene 
F1 uoranthene 
Pyrene 
1,2 Benzof l  uorene 
C h r ysene  

TLC Rf HPLC tR (min.) 

(95:5, v / v )  _(85:15, v / v ,  1 .O mL/min), 

0.56 

0.42 
0.41 
0.38 
0.37 

0.32 
0.31 

5.9 

9.1 
10.1 

11.9 
3.3 

6.8 
7.5 

TABLE 6 

Comparison o f  R e t e n t i o n  Data o f  TLC and HPLC on S i l i c a  
S t a t i o n a r y  Phases Using Isooctane/THF 

TR 
(90:10, v / v )  

Rf 
(80:20 v / v )  

Acenaphthene 
F1 uorene 
Phenanthrene 
Anthracene 
Pyrene 
1,2-Benzofl uorene 
F1 uoranthene 
Chrysene 
Coronene 

0.77 
0.72 
0.67 
0.67 
0.64 

0.57 
0.55 
0.50 
0.32 

3.75 
3.80 
4.30 
3.85 
3. a5 

4.20 
4.80 
5.10 
5.55 
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T L C  SCREENING OF COAL LIQUIDS 1821 

0.80 

0.70 

0.60 

0.50 

0 . 4 0  

3.5 4'. 0 4 . 5  5'. 0 5: 5 6.0 
tR ( M i n . 1  

FIGURE 3 Graph o f  Comparison o f  Retent ion Data f o r  

TLC and HPLC on S i l i c a  S ta t ionary  Phases Using 

1sooctane:THF 

Two Dimensional TLC 

The Whatman M u l t i - K  p l a t e  i s  manufactured i n  such a way t h a t  a 
3 x 20 an s t r i p  o f  the  p l a t e  cons is t ing  o f  oc tadecy ls i lane  groups 

bonded t o  Si-0-Si-C groups on s i l i c a  gel i s  contiguous w i t h  a 
17 x 20 on hard s i l i c a  surface. 
p o r t i o n  o f  the p l a t e  and allowed t o  e l u t e  using methanol/water 

(9O:lO. v/v). 
renoved from the tank and dr ied.  A f t e r  d ry ing  the  p la tes  were 

Samples were spotted on the OM 

Plates were developed 16 on up the  p la te ,  then 
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1822 ARTZ AND SCHWEIGWlRDT 

turned 90' f o r  normal phase e l u t i o n  i n  the  isooctane/THF (80:20, 
v /v )  solvent. Resul ts o f  a t y p i c a l  run  on the  Mul t i -K  p l a t e  a re  
shown i n  F igure  4. Those capounds t h a t  do n o t  separate on the ODS 
p o r t i o n  o f  the  p l a t e  separate on the  s i l l c a  por t ion .  Table 7 shows 

Rf values measured for the e l u t i o n  on the ODs p o r t i o n  of the p l a t e  
and the s i l i c a  w r t i o n .  

3 4  
0 
N 

c 
0; 

.. 

' !  

CH30H:H20, 9O:lO ( V / V )  

FIGURE 4. 
Using Whatman Multi-K Place. Spots are indentified 
as : 
1. 2-Naphthol 
2. Phenanthrene 
3. Acenaphthene 
4. Pyrene 
5. 4-Azapytena 
6. 1-Azafluoranthene 

Two Dimensional Thin Layer Chromatogram 
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TLC SCREENING OF COAL LIQUIDS 1823 

TABLE 7 
Rf  Values f o r  Selected Compounds on ODS and 

S I l l c a  Sections o f  Whatman Multi-K P l a t e  

Compound F1 uoresence (366 rml (CHZOH/H,O) Isooctane/THF) 
Color of Rf ODs Rf S i l i c a  

2-Naphthol - 
Phenanthrene purp le  
Acenaph thene - 
Pyrene b lue  
4-ka pyrene green 

1-Azafluoranthene ye1 low 

0.73 0.39 
0.56 0.63 
0.41 0.73 
0.38 0.68 
0.36 0.32 

0.32 0.41 

One must be careful  i n  canparing Rf values f o r  s i l i c a  on the Analtech 

p l a t e  w i t h  the s i l i c a  l aye r  from the Whatman Mul t i -K  p l a t e .  
a r e  two reasons f o r  d i f f e rences  i n  adsorbent power: 

There 

1. Pore and p a r t i c l e  s i ze  d i f f e rences  i n  s i l i c a  gel  vary frm one 

manufacturer t o  another. 
2. By using an aqueous so l ven t  i n  one dimension on the Whatman 

Mul t i -K  p la te ,  the  s i l i c a  was more deac t iva ted  than the  Analtech 
p la te .  
bond t o  s i l i c a ,  had a h igher  Rf  va lue  on the aqueous solvent-  

precondi t ioned Whatman Mul t i -K  p la te .  

Thus a canpound such as 2-naphthol, which can hydrogen 

Table 8 shows the  Rf values f o r  selected canpounds on the  Analtech 
s i l i c a  p l a t e  and the  s i l i c a  p o r t i o n  o f  the Whatman Mult i -K p l a t e  us ing  
the  same sol vent system. 

Table 8 shows t h a t  f o r  the canpounds selected, t he  order o f  e l u t i o n  i s  
p red ic tab le  w i t h  bo th  plates.  The hydroaranat ics e l u t e  f i r s t ,  fo l lowed 

by the aranat ics,  N-ethylcarbazole be fore  carbazole and h i g h l y  associated 
canpounds 1 i k e  2-Naphthol e l u t i n g  slowly. The f a c t  t h a t  phenanthridene 
e lu tes  l a s t  on bo th  p la tes  i s  due t o  a weaker so lu te -so lvent  i n t e r a c t i o n  
as described e a r l i e r .  
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1824 ART2 AND SCMJEIGHARDT 

TABLE 8 
Comparison of Rf  Values on Analtech S i l i c a  and 

Whaban Mu1 t i - K  S i l  i c a  using Isooctane/THF (80: 20, v/v)  

Compound Rf  Anal tech R f  Whatman 

Ac enaph thene 
1,2-Di hydropyrene 
An thracene 
N-Ethyl carbazol e 
Carbazole 
2-Naphthol 
Phenanthridene 

0.77 
0.69 
0.67 
0.54 
0.44 
0.42 
0.22 

0.88 
0.86 
0.82 
0.80 
0.64 
0.62 
0.54 

It was n o t  our  intended purpose t o  r a t e  TLC p la tes  from d i f f e r e n t  
manufacturers as both p la tes  w i l l  g i ve  exce l l en t  r e s u l t s  f o r  d i f f e r e n t  
app l i ca t ions .  
which type o f  p l a t e  t o  use f o r  a p a r t i c u l a r  app l i ca t i on .  

The chromatographer must make the  dec i s ion  as t o  

TMS Der iva t ives  o f  Phenols and Alcohols 

Phenol s and a1 coho1 s cannot be e a s i l y  chrmatographed by HPLC 
us ing  normal s i l i c a  columns due t o  i r r e v e r s i b l e  hydrogen-bonding on 
the  adsorbent. We the re fo re  prepared TMS d e r i v a t i v e s  o f  several 
hydroxyl canpounds found I n  coal l i q u i d s  t o  overcane t h i s  I r r e v e r s i b l e  
bonding. The i n f r a r e d  spectra of a l l  d e r i v a t i v e s  showed the  l a c k  
of  the unassociated OH band a t  3600 an'' and the presence o f  

several bands a t  1247, 850 and 754 an", a l l  assigned t o  - Si(CH3)3, 
1080 an"' assigned t o  - S i O R  and 939 an" assigned t o  S i O A r  i n  the  
case o f  IMS phenols (7). Table 9 shows Rf values o f  these TMS 
d e r i v a t i v e s  as we l l  as t h e i r  paren t  hydroxyl canpounds and t h e i r  
paren t  PNA's. 
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TLC SCREENING OF COAL LIQUIDS 1825 

Table 9 

Rf Values o f  TMS Der iva t ives  Using Isooctane/THF (80:20, v/v) 

Compound Rf(OH) R f  (MS 1 Rf ( PNA 1 

p-Phenyl phenol 0.33 
1 -Acenaphthenol 0.35 
9-F1 uorenol 0.40 
2- Na ph tho1 0.42 
Phenol 0.44 
Recycle Solvent A 0.42 

t o  
0.22 

0.65 

0.75 
0.73 
0.70 
0.65 
0.75 

t o  
0.69 

0.74 
0.77 
0.72 
0.62 
1 .o* 
0.75 

t o  
0.53 

* In fe r red  due t o  v o l a t i l i t y  o f  benzene on TLC plates.  

The data in Table 9 rhow that conversion o f  t he  hydroxyl 
groups i n  the coal der ived products makes the  TMS e the r  d e r i v a t i v e  
behave l i k e  the parent PNA on a s i l i c a  p la te .  For example, t he  Rf 
value f o r  9-f luorenol  i s  0.40, wh i l e  the  Rf value f o r  i t s  TMS 
d e r i v a t i v e  i s  0.73 which i s  near ly  i d e n t i c a l  t o  the  Rf va lue  for 
f luorene (0 .72) .  The s t ruc tu ra l  change upon d e r i v a t i z a t i o n  removes 
the  a b i l i t y  o f  the  canpound t o  hydrogen bond t o  the  s i l i c a  and 
1 owers the  d ipo le -d ipo le  i n te rac t i ons  between the d e r i v a t i v e  and 
s i l i c a  due t o  the  th ree  bu lky  methyl groups bonded t o  s i l i c o n .  The 
TMS d e r i v a t i v e  i s  canp le te ly  r w e r s i b l e  t o  the  o r i g i n a l  hydroxyl 
canpound by reac t i on  w i t h  water. Further i n v e s t i g a t i o n  i n t o  the  
na ture  o f  the  chranatography o f  TMS der i va t i ves  o f  hydroxyl compounds 
using TLC and HPLC i s  needed. 

CONCLUSION 

We have demonstrated t h a t  t h i n  l aye r  chranatography on s i l i c a  

gel can be e f fec t i ve  as a rap id  and semi-quant i tat ive measure o f  the  
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1826 ART2 AND SCHWEIGHARDT 

degree o f  hydrogenation o f  coal-der ived l i qu ids .  

hydrogenation and loss  o f  hydroxyl (phenols) can be p r o f i l e d  by a 
side-by-side comparison o f  feed and product w i t h  the  r e s u l t s  recorded 
by photographic techniques. TLC, under the  cond i t ions  described, 

provides a r e l a t i v e  f i r s t  measure o f  the  hydrogen donor q u a l i t y  of 
coal-der ived recyc le  solvents.  The fo rmat ion  o f  a t r i m e t h y l s i l y l  

(TMS) d e r i v a t i v e  o f  the  hydroxyl f unc t i ona l  group has resu l ted  i n  

more p red ic tab le  Rf values t h a t  a re  very s i m i l a r  t o  t h e i r  paren t  
a rana t i c  nucleus on normal phase s i l i c a  gel .  Over spraying the TMS 
de r i va t i ves  w i t h  Fast Blue S a l t  B a ids  i n  t h e i r  l o c a t i o n  f o r  spot 
removal by p repara t ive  techniques. Because the TMS d e r i v a t i v e  i s  
canp le t l y  r e v e r s i b l e  t o  the o r i g i n a l  hydroxyl w i t h  water, canpounds 
can be recovered a f t e r  separations. 

I n  p a r t i c u l a r ,  

Our r e s u l t s  a l so  conf i rm the use o f  S d S Selectosol  r a d i a l  TLC 
a s  a rap id  screening too l  for determinat ing the proper so lvent  
combination f o r  b inary  and te rnary  HPLC g rad ien t  e l u t i o n  chranatography. 
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