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Thin layer chromatography of polynitrophenols, nitrosophenols, 
quinones and related compounds 

.’ 

NOTES 

nitrohydro- 

‘Polynitrophcnols, nitrosophcnols, nitrohydroquinones and their esters are 
useful in the synthesis of high-energy fuels for rockets and also for, explosives. Their 
quick separation and microestimation will be of advantage in the study of the course 
of chemical reactions during the synthesis of new explosives, for quality control in 
their manufacture, and storage. TLC of phenols, mononitrophenols and hydroqui- 
nones has ‘been carried out by different workers 1-r’. The calorimetric estimation of 
some phenols and hydroquinone on TLC using $-nitrobenzenediazonium fluoroborate 
has been reported by SEEBOTH AND GORSCH 18. LIPINA~” employed diazotized $-nitro- 
aniline for the quantitative estim,ation olsom,e phenols. 

In the present work a few polynitrophenols, and nitrosophenols, nitrohydro- 
quinones and some of their esters were studied employing thin-layer chromatography. 
The suitability of various adsorbents for the separation of these compounds is com- 
pared. 2,4,+Trinitroresorcinol, a-nitroso+naphthol, ,&nitroso-a-naphthol, 2,4- 
dinitrophenol, 2,4,6-trinitrophenol, nitrosothymol and trinitrothymol were estimated 
calorimetrically by employing diazotised sulphanilic acid as a reagentaa. 2,6-Dinitro- 
hydroquinone was estimated by the method of BELYAI~AV AND KOMIS~~ for hydro- 
quinone, employing phloroglucinol and sodium carbonate. The individual compounds 
after separation and elution were estimated calorimetrically. 

Methods and materials 
All solvents used were dry and freshly distilled. The temperature of irrigation 

was25 & 2’; unle.ss otherwise specified. Kodak photographic glass plates (22 x 22 cm) 
were used. The distance travelled by the solvent front in each case was 18 cm. A 
Hilger Spekkar Absorptiometer was employed for the calorimetric measurements. 

AdsovBtmts 
I. Silica gel G (209 mesh, 13.S.S). 
2. Cellulose powder, ashless (Whatman, 100 mesh, B.S.S.), containing 5 y0 

calcium sulphate (200 mesh). 
3.., Cellulose acetate, containing 5 Y0 calcium sulphate (200 mesh, B.S.S.). 

Cellulose acetate was prepared by treating ashless cellulose powder (Whatman) with 
acetic anhydride for 3 h at room temperature, washing with distilled water, drying at 
zoo0 (30 h) and passing through a 200 mesh sieve. 

4. Neutral alumina, containing 20 Y0 calcium sulphate (200 mesh, B.S.S.). 
Neutral alumina was prepared from Brockman alumina by REICHSTEIN AND &op- 
PEE'S~~ method . 

5. Neutral alumina (M. Woelm, 200 mesh, B.S.S.), containing 20 y0 calcium 
sulphate (200 mesh). 

6. Acidic alumina (M. Woelm, 200 mesh, B.S.S.), containing 20 0~ calcium 
sulphate (200 mesh). 

7. Amberlite ARI/4oo/Cl/AR (200 mesh, B.S.S.). 
8. Amberlite IR/43/OEI/AR (200 mesh, B.S.S.). 
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z-Nitrohydroquinone-+benzoate (m.p. 96”) was prepared from hydroquinone 
monobenzoate according to the method of KEHRMANN, SANDOZ AND MONNIER~~. 
z,6-Dinitrohydroquinone-+acetate (m.p. 98”) was prepared from hydroquinone 
diacetate by following the procedure of NIETZI&*, z,6-Dinitrohydroquinone (m.p. 
136”) was prepared by the hydrolysis of 2,6-dinitrohydroquinoneqacetate by the 
procedure of PRLDEAUX AND NuNN~“. Nitranilic acid (86-87”, decomposition) was 
prepared by TOWN’S method20. z,3,6-Trinitrothymol (m.p. 110’) was prepared by 
nitration of tliymo12’, and nitrosothymol (m.p. 163-164”) by following the method of 
KREMERS, WAKEXUN AND HLXON 28, Other phenols were crystallised twice from 
ethanol. +Toluenesulphonates of z,6-dinitrohydroquinone, nitrosothymol, and 
ortlao-, meta-, and para-nitrophenols were prepared by heating together ,nitrohydro- 
quinone or the respective phenol (I mole), $-toluenesulphonyl chloride (x.25 mole) 
and pyridine (3 mole) in a boiling tube on a water bath for 1.5 11. The mixture was 
poured into iced water and the resultant crystalline mass was filtered, washed with 
5 y0 sodium 1 ly d roxide followed by water andrepeatedlycrystallisedfromethylalcol~ol. 

In this way the following compounds were obtained: z,6-dinitrohydroquinone- 
4-j+toluenesulphonate (m.p. Ig4-1g5”; C1,HI,0,N2S; S = 9.32 %, found, 9.46 y’ calcu- 
lated), nitrosothymol-lr,-toluenesulphonate (m.p. 87-88”; C1,H,,04NS; S = 9.53 ‘% 
found,, 9.60 % calculated), o-nitrophenol-fi-toluenesulphonate (m.p. 83”; C1,H,lO,NS; 
S = IO.SI y0 found, lo.92 y0 calculated), gz-nitrophenol-fi-toluenesulphonate (m.p. 113~; 
C&I,,OGNS; S = 10.75 O/~ found, x0.92 O/O calculated), and $-nitrophenol-$-toluene- 
sulphonate (m.p. 97”; C1,H1lOGNS; S = 10.88 y. found, zo,gz y0 calculated), 

Pve~nvntion of thin 2ayev fllates, ajq’dication of the covq5oacaads nnd irrigation of the plates 
A slurry of the adsorbent in a suitable solvent was prepared and poured on to 

the glass plates, By tilting the plates from side to side a uniformly thin coating was 
obtained. The plates were left at room temperature (25 & z”) overnight and activated 
or dried at the appropriate temperature in an oven. The plates were weighed before 

TABLE I 
DETAILS OF Z’LC COATINGS AND TI~IEIR ACTIVATION 

Conti~rrg wt. of Solvent A clivalkz A vevage 
ndsoYbellt tcrnpevatiwc (“C) coating of adsovbsnt 
(id and time (11) (mg/cm2) 

Neutral silica gel G 30 Chloroform-methanol 110, 0.5 7.7 
(2: I), 100 C#C. 

BuCterccl silica &cl G 30 0.5 N Oxalic acid. x10, 2 7.0 
20 cx.. and mc- 
thanol. 70 c.c. 

Cellulose-case, 26.25 Water. 100 C.C. 110, I 7.6 
cc11u10sc acctate- 

case, 2G.25 Water, 100 cc. 105, 1 7.4 
Neutral/acid alumin,z- 

CSLSO~ 2; Water, Go c.c. 180, 0.5 10.7 
n~ytlp 9RI/40o/ Ethyl acetate, GO, I 4.8 

Ambctrlitc 11x/45/ 
100 C.C. 

25 Ethyl OCCtSLtC, Go, I 4.8 
OH/AR 100 C.C. 
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spotting and the average coating of the adsorbent noted. Table I gives the quantities 
of adsorbent for five plates (22 x 22 cm) and other details. 

An ethanolic solution of each sample (3 ~1 ‘containing 5 pg) was applied on the 
chromatoplates with a standard capillary. Except when ion exchange resins were used, 
chromatograms were irrigated by ascending technique. 

In the case of Amberlite resins, the plates were kept slanting at 30” angle, 
solvent was fed through cotton and Gict descending technique employed. The chroma- 
toplates after irrigation were either viewed under U.V. light or sprayed with a chromo- 
genic reagent (see below under Detection). Table II gives the RF values of the various 
compounds. 

Sohe~t systems 
A. Chloroform 
B; Benzene 
C. Chloroform-xylene (4: I) 

i?F VALUES OPTWEVARIOUS COMPOUNDS XNVARIOUS SOLWZNTSYSTEMS AND ONVARIOUS ADSORBENTS 

1 dsovbenls Silica gel G Bugeyed silica gel G Cellulose-CaSO, 

iample Compound A* B C D A B C D B F G H 
\TO. 

I 

2 

3 

4 

2 
7 

8 
9 
:0 
:x 
:2 

:3 
f4 

2-Nitrohydroquinone- 
4-benzoatc 

2,6-Dinilrohydro- 
quinonc-4-acetate 

2,6-Dinilrohydro- 
quinonc 

2,4,6-Trinitroresot- 
bin01 

ec-NiLroso-P_napkChol 
B_Nitroso-wnaphthol 
4-($-Nitrosophenyl- 

azo)-resorcinol 
2,4-Dinilrophenol 
Nitranilic acid 
Nitrosothymol 
Trinitrofhymol 
Picramic acid 
z,4,6-Trinitrophenol 
z,G-Dinitrohydroqui- 

none-4-fi-toluenc- 
sulphonate 

Nitrosothymol-p- 
toluencsulphonate 

o-Nitrophenol-$- 
toluenesulphonate 

ttz-Nitrophenol-$- 
toluenesulphonale 

-I’ #-Nitrophenol-$- 
LoluenenulphonaCe 

0.85 0.91 0.74 0.68 0.91 0.92 

0.68 0.37 0.51 0.16 0.35 0.43 

0.48 0.00 0.13 o.oG 0.33 0.27 

0,x0 0934 0.20 0.05 0.69 0*.55 
0085 0.52 0.53 0.27 0.92 0.41 
- - 0.20 0.04 0.48 0.15 

0.00 0.04 0.14 0.08 o-33 o.oG 
0~85 0.8G 0.62 0.48 0.94 0.98 
- - -. - - - 
0.gG 0.08 0.22 0.16 0.38 0.15 
0.28 0.15 0.16 O.OG 0.93 0.58 
0.49 0.33 0*37 0.18 0.65 0.24 
0.00 o.xg 0.03 0.I.T 0.97 0.09 

0.98 0.80 0.00 0.03 1.00 0.71 

0.99 0.gG 0.59 0.30 1.00 0.40 

0.64 

0.32 

0.07 

0.28 
0.32 
0.13 

0.31 
0.56 
- 

0.13 

0.49 
0.18 
0.41 

0.41 

0.64 0.37 o-53 0.81 0.49 

0.27 0.31 0.40 0.72 0.94 

0.05 0.23 0.3G 0.64 o-75 

0.28 0.36 0.18 0.33 0.81 
0.29 o*95 0.89 0.77 0.48 
O.GI 0.81 0.95 0.84 0.51 

0.04 o,g2 0.95 0.78 0.04 
0.53 0*79 0.74 C*77 0.7G 
-- - -- 

0.10 o,g1 0.91 0.92 0.53 
0.54 0.87 o.gI 0.89 0.71 
0.16 ,o.G7 0.64 0.75 0,6x 
0.10 o.gG 0.80 0.8G 0.82 

0.40 0.98 0.94 0.89 0.84 

O.GI 0.98 0.95 0.92 0.00 

0.97 0.77 0.gG 0.3c I.00 0.67 0145 0.41 o,g8 0.94 0.92 0.00 

0.99 0.84 0.63 0.44 I.00 0.75 0.52 0.52 0.97 0.93 0.91 0.00 

0.98 0.89 0.67 0.50 1.00 0.83 0157 0.52 0.87 0.53 o.gI o*oo 

* For key to solvents, see text, 
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D. Chloroform-xylene (E : I) 
E. H-Butanol saturated with 5 N ammonium hydroxide 
F. tin-Butanol-3 N ammonium carbonate-3 N ammonium hydroxide (4: 3 : 3) 
G. +Butanol-ethanol-3 N ammonium carbonate (40 : II: 19) 
H. 3 y0 sodium chloride solution . 

I. 922-Butanol-water (86 : 14) 
J. +Butanol saturated with water 
K. Ethanol-water (2 : 3) 
L. Acetone-water (z :‘3) 
M. Petroleum ether (b.p. 4o-600)-ether (I: I) (irrigation was done at o”). 
N. +Butanol-water-acetic acicl (6 : 2 : I). 
0. Cyclohexane-ethyl acetate-acetic acid (5 : I : JC). 

Detectiost 
The spots could be detected by: (I) use of an ultraviolet lamp “Chromatolite” 

I J I2 L M.BCMBCM.BCN 0 

o-74 o,gx 0.79 o.gr 0.00 0.11 0.00 0.32 0.03 0.16. 0.42 0.13 0.46 0.02 

0.86 0.63 0.88 0.93 0.07 0.00 0.05 0.02 0.00 0.00 0.15 0.00 0.00 0.04 

0.83 0.61 0.86 o.gx 0.06 0.00 0.05 0402 0.00 0.00 0.20 0.00 0.00 0.23 

o&4 0~4.8 0.91 0.94 0.00 0.00 0.00 o*oo 0.00 0.00 0.00 0.00 0.00 0.00 
0.83 0~87 0.79 o-73 0.06 0.00 0.06 0.13 0.00 o.oG 0.11 o.oG 0.05 o-37 
0.87 o.gG 0.71 0.85 0.05 0.00 0.00 0,02 0.00 0.00 0.10 0.00 0.05 0.42 

0.86 o,8g 0.56 0.46 0.04 0.00 0.29 0000 0.00 0.08 o.og 0.00 0.00 0.42 
0.82 00 74 o.gx 0.91 0.02 0.06 0.06 0003 0.00 0.00 0.04 0.04 0006 0.16 
- - 0.97 0.55 0.00 0.00 0.00 0003 0.00 0.00 - o.oG 0.00 - 
0.g2 o.gx 0.89 0.74 0.75 0.163 0.22 0.77 0.04 0.18 0.86 0.09 0.30 o-59 
o.G6 0,70 0.92 o.gx 0.00 0.00 0.93 0.02 0.00 0.00 0.00 0.00 0.00 0.00 

0.84 0~72 0.83 0.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 
0.71 0074 0.86 0.84 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.79 0.90 0.84 0.88 o<oo 0.00 0.00 0.00 0.00 O.IG 0.00 0.00 0,oo o.f.52 

0.87 0096 0.60 0.60 oA8 0.70 0.86 0.g2 0.72 0.72 o-53 0.57 0086 I .oo 

0.87 o,95 0.78 0.48 0.69 0.69 0.87 0~82 0.76 0.68 0.48 0.58 0.78: 0,71 

0.87 0091 0.78 0.65 0.81 0.79 o-93 0,88 0.84 0.72 oA3 0.67 0,80 0.85 

0.87 0.86 0.78 0.56 a,88 0.79 0.93 o.gG 0.85 0.78 0.8G 0868 0.83 - 

0.08 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

- 

0.00 

0.12 

0.00 

0.06 

0.13 

0.00 

0.00 

0.00 

0.37 
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for short-wave (2537 A) radiation, which revealed all the compounds; (2) spraying 
the plates with 2 “/ phosphomolybdic acid solution and then treating with am- 
monia vapour ; and (3) spraying with sulphanilic acid reagent (solution A, followed 
by solution B). Solution A is an 0.5 y0 solution of sulphanilic acid in N HCI and 
solution B a 5 o/o solution of sodium nitrite. 

Esi?imation, of phenols 
Cellulose-CaSO, plates were used in all cases. The spotting as well as the irri- 

gation in,the case of nitrosothymol and trinitrothymol were carried out at o + 2’. 

A number of spots of each compound (5 to 20 ~1) having different amounts were 
spotted and irrigated with st-butanol-3 N ammonium hydroxide-3 N ammonium 
carbonate (4: 3: 3). After observing the spots under U.V. light they were scraped off, 
extracted with 50 O/O ethanol (5 cc., L 11) and filtered. At o” 2 C.C. of 0.2 O/O sulphanilic 
acid containing 0.7 C.C. concentrated hydrochloric acid, I cc. of 0.2 o/o sodium nitrite 
solution, and 2.5 c,c. of 0.25 Ojo sodium hydroxide solution were added to the filtrate. 
Before addition all solutions were kept at o”, and the mixture also maintained at the 
same temperature. After 3 min the colour intensities were read in the calorimeter 
using a suitable filter (see Table III) and compared with the standard curves previ- 
ously plotted for the individual compounds. 

Estimation of 2,G-~~nitrolzydroguino~ze 
z,6-Dinitrohydroquinone, after spotting, irrigation and detection under U.V., 

as in the case of phenols, was extracted from the adsorbent with 50 O/o ethanol (5 cc., 
I 11). The extract was filtered, and the filtrate added to a mixture of 0.05 O/~ phloro- 
glucinol (2 c.c.) and 1.5 y. sodium carbonate (4 cc.). After leaving the solution for L h 
the colour intensities (percentage transmission) were noted using the appropriate 
filter (see Table III). 

TABLE III 

LIMITS OF ESTIMATIONS OF THE COMPOUNDS AND THE PILTERS EMPLOYED 

Samn$dc Compound F&&V Lowcv limit 
NO. bv4 of estimation 

he) 

z,G-Dinitrohyclroquinonc 
2,4.G-Trinitroresorcinol 
a-Nitroso-/3-naphthol 
/3-Nitroso-a-naphthol 
z,4-Dinitrophcnol 
z,4,6-Trinilrophcnol 
Nitrosothymol 
Trinitrothymol 

- 

540 5 
425 3.3 
425 IO 

425 3.3 
42.5 
42.5 z.5 
425 4 
42.5 IG 

Disczrssio?% 

‘The technique of coating the glass plates with various aclsorbents by pouring a 
known volume of the slurry ,on to the plates and then tilting them from side to side 
produced thinner ‘coatings compared to other conventional methods. It was observed 
that the thinner the coating, the quicker and better is the resolution of the com- 
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pounds. The coatings of Amberlite resins were found to crack if dried for periods lon- 
ger than r h at 60”. 

Buffering of silica gel G with 0.5 N oxalic acid had a marked effect on the XJP 
values of some of the polynitrophenols, viz. 2,4,64rinitroresorcinol, z,+dinitrophenol, 
trinitrothymol, and z,4,6-trinitrophenol. 

On cellulose and cellulose acetate plates the use of 2 y’& starch instead of cal- 
cium sulphate as binder resulted in major tailing of the compounds. 

A reversed phase system using cellulose acetate-calcium sulphate produced 
better resolutiohs compared to cellulose-calcium sulphatc in the case of nitrohydro- 
quinone and its esters, 2,4,6-trinitroresorcinol, z,+dinitrophenol, picramic acid and 
P-toluenesulplionates. 

Neutral alumina-calcium sulphate coatings in general gave low Rp values com- 
pared to silica gel G. However, alumina was found to be the best adsorbent for the 
resolution of $-toluene sulphonates. In general, the Rr;l values of phenols on acid 
alumina (Woelm) were higher than on neutral alumina (Woelm). On the other hand, 
acid alumina (Woelm) lowered the RJP values of p-toluene sulphonates compared to 
neutral alumina (Woelm). 

Basic ion exchange resins had a powerful binding effect on polynitrophenols. 
In view of their slow vaporisation from chromatoplates the spotting, irrigation 

and elution of nitrosothymol and trinitrothymol had to be carried out at low tempera- 
ture (0 & 27. 

In the estimation of phenols with sulphanilic acid reagent, a time of 3 min gave 
maximum colour development and was rigidly adhered to; longer periods produced 
erroneous results. All the compounds were found to observe linearity in their colours 
developed with the chromogenic reagent with respect to their weights. The lower limits 
of detection are given in Table III. 

Thanks are due to Dr. KARTAR SINGH, Director, Defence Science Laboratory, 
Delhi and Dr. V. RANGANATHAN, Deputy Chief Scientist, Research and Development 
Organisation, Ministry of Defence, New Delhi, for their encouragement. 

Defewe Science Laboratory, Metcalfe Hoatse, 
Delhi (India) 

D. B. PARIHAR 
S. P. SHARMA 
I<. C. TEWARI 

I H. SEEBOTH, Clccwz. Teck. (B&h), 15 (1963) 34. 
2 I-I. SI%EBOTH. Moltatsbev. Dezcl. Akad. Wiss. Bcvlin, 5 (1963) 693. 
3 hz. SCHULZ, I-l. SEEROTW AND w. WIEI<ER, z. C?JCVlZ., 22 (1962) 79. 

4 E. STAHL, Aw?J. P?Javm., zgz (1959) 41 I. 

5 E. STAML, A9zgem Chewz.. 73 (1961) 61.6. 

6 J. DAVIDEK AND U. Z, PROCNAZKA, CoZloctio~rz Czech. CIzevrr. Cowwzcn., 26 (1961) 2947. 
7 J. DAVIDEKJ. Clwonzatog., g (IgGz) 363, 
8 J. SHERMA AND L. V. S. I-IooD,J, Ciwomalog., 17 (1gG.s) 307. 
g G. PASTUSKA AND I-I, J. PETROWITZ. Cl~~~ilz~Ztg.. 86 (1962) 311. 
IO G. I?hs?cils~~h, Z. AqaaE, Chem., 179 (1961) 355, 
II J, W. DHONT AND C. DE ROOY, Analyd, 86 (1961) 527. 
12 G. A. L. SMITH AND P. J. SULLIVAN, Analyst, 89 (x964) 312. 
13 I<. z1. WANG, J. Chiwese Chem, Sot. (Taiwan), 8 (1961) 241. 
14 E. KNAPPI ANP I. ROHDEWALD,Z. Anal.Ckem. zoo,,(IgG4) 9. 
15 W. A. SKINNER AND R. M. PARKHUR~T, J. Clwomyl’og., 13 (1964) 69, 

J. Chromalog., 24 (IgGG) 230-236 



236 NOTES 

16 R. A. DILEY, AwzZ. Bioclrem.. 7 (1964) 240. 
17 8. NERMANEK, V. SCHWARZ AND Z. CEKAN, Phavmazie, 16 (1961) 566. 
I8 w. SEeBors AND W. Cts~scw. Ckem. Tech. (BcvEiuz), r5 (1963) 294. 
39 T. G. LIPINA, TV. $0 Khim. i I’him. Teizhnol., 2 (1962) 424. 
20 S. ARON, HidvoC. Kod., 3g (1959) 303. 
21 A. A. BELYhKhV AND TR. KOMIS, Analit. ICltim., 13 (1963) 405. 
22 T. REICWSZEIN AND C. W. SWOPPEE, Discussions Fuvaduy So&, 7 (1949) 305. 
23 I?. .&3HRMhNN, M. 8hNDOZ AND R. MONNJER, H&V. Chim. Acta, 4 (1921) 941. 
24 R. NIE-~ZKI, nltlc., 215 (r882) 143. 
25 E. B. R. PRLDEAUX. AND G. R. NVNN, J. Chem. Sot., 125 (1924) 2110. 
26 B. W. TOWN, Bioohewk J., 30 (x936) 1833. 
27 W. J. HICKINBO~TOM, Reactions of Organic Comfiounds, Longman Green, Lo&on, 1950, p. 119. 
28 E. KREMERS, N. WAKEMAN AND R. M. HIXON, in H. GILMAN AND A. I-I.. BLATT (Editors), 

Organic Synthcsss, Vol. I, Wiley, New York, 1956, p. 51~. 

Received February zznd, 1966 

J. Chvomatog., 24 (1966) 230-236 

A method for quantitative thin-layer chromatography 

In ,this communication, a convenient method is described for the determination 
of substances on thin-layer chromatograms by means of a gas-chromatographic tech- 
nique of elementary analysis. 

Fig. I shows a sketch of an apparatus consisting of a combustion furnace and 
gas chromatograph. After separation of a compound containing nitrogen from a 
sample of known volume by thin-layer chromatography, the spot is scraped off with 
the adsorbent (aluminum oxide or silica gel) into a platinum boat:. As soon as the 

Fig. I. Outline of apparatus. I = He containing 2 oh 0,; 2 =I He: 3 - elccLric furnace I (900”); 
4 = electric furnace II (5009; 5 = combustion Lube; 6 .= preparation chamber; 7 = cupric 
oxide; 8 = reduced copper; g = anhydronc; ro = U-type column (0 4 mm x 75 cm) ; I z - 
MnO,; 12 = activated carbon; 13 = T.C. d&c&or; 14 = recorder: 15 - electronic integrator; 
16 = gas chromatograph. Gas-chromatographic conditions : He fiow rate, 30 ml/min; column 
eemperaturo, 100’; dote&or temperalurc, 100~. 
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