
JOURNAL OF CHROMATOGRAPHY I 

PARTIAL SUBTRACTION CHROMATOGRAPHY 
I’ 

E. GIL-AV AND Y, HERZBERG-MINZLY * 

The llawiel Sieff Research Iwditzcte, The Weizmama Institute of Scie~tce. 

The qualitative 
advantageously 

and quantitative analysis of certain mixtures can be carried out 
by combining gas chromatography with chemical treatment. One 

of the variants of this mode of operation is subtraction chromatography, in which 
one or more components are eliminated selectively, resulting in the disappearance 
of the corresponding peaks. By comparison with a conventional chromatogram, 
identification and quantitative analysis of the reacting compounds can be carried out 
readily. The reagents* * employed in this method act rapidly; they are coated on the 
solid support and fillecl into a short piece of tubing attached to the main partition 
column. The emergence time of the non-reacting components is practically unaffected 
under these circumstances. Examples of suitable reagents are concentrated sulphuric 
acid, which is useful for the subtraction of olefins in rnistures with other’ hydro- 
carbons, or silver nitrate, which permits the analysis of secondary and tertiary allcyl 
bromides in the presence of primary isomersl. 

Reltovotlt (Israel) 

(Rcccivecl May zoth, 1963) 

The procedure is of particular value when separation cannot be achieved by the 
usual gaschromatographic techniques. The analysis of argon and oxygen, for instance, 
has been carried out successfully only when the oxygen was burned in a precolumn 
loaded with palladium catalyst, using hydrogen as the carrier2. 

On the other hand, JAN& AND NOVAI@, in developing an accurate procedure 
for the analysis of impurities accompanying butadiene, used the relatively slow acting 
rnaleic anhydride for subtracting the diene. A column containing about IO g of the 
dienophile on 22 g of support was necessary to complete the reaction in’23 set at 2oo”, 
In such a case the retention volume of the non-reacting components is considerably 
changed by the precolumn. 

In the present paper we wish to cliscuss a procedure involving only ,partial 
subtraction of the reacting components, In this method chromatographic @eaks are 
identified by observing either the occurrence or the rate of reactidn with the sta- 
tionary phase. The rate is determined from the peak areas corresponding to tlie resid- 
ual amounts of components emerging from the column at different flows of the carrier 
gas. 

The method is illustrated by esperiments with conjugated dienes as the subtract- 
ed components, and the dienophilic chloromaleic anhydride (ClMA) as the stationary 
phase. -The resulting adducts are relatively rion-volatile and remain on the colum~ri. 

* Part of a thesis presex+d by Y. HERZBERG-MINZLY to the Hebrew University, Jerusalem, 
in *p)rtial fulfilment of the requirements for the degree of Ph.D. 

It Bhould be noted that molecular sieves3 can be used effectively for thb scl&i+e and irrcvek 
siblc absorption of waliphatic compounds. , 

J. Clwomatog., 13 (TgG4) I-g 



2 E. GIL-AV, Y. WERZBERG-MINZLY 

The commercial ClMA was distilled before use, but, in general, not further purified 
by crystallization, since a small amount of residual impurities conveniently depresses 
the melting point below room temperature. When relative values only are required, 
the effect of the impurities on the rate of xeaction can be disregarded, as long as 
care is taken to work with the same batch of reagent. 

It has been shown6so that for a pseudo-first-order reaction the rate of disappear- 
ance of the reacting component is given by dx/dt = - JzxH, where ,“G is the total 
amount of the reacting component at time t in the plug passing through the column, 
and Z’S is a factor by which x has to be multiplied in order to give the amount of 
component diskolved in the stationary phase. 

TIME 

Fig. I. Chromatography of commercial r,3-pcntacliene on a clual column containing silver nitrate 
and chloroktlcic anhyclricle, respectively, as the stationary phases (set Table I), ‘Temperature 40’. 
Curve A-flow rate of helium 77 ml/min, area of 1st peak (tvalzs isomer) Go “/o ; curve B-flow rate 

of helium 11.4 ml/min, area of 1st peak (Im?zs isomer) 31%. 

TJ1.e cqnditions necessary for subkacting can be calculated by combining the equation 
log x0/x = 0.4343 1~ t H with the expression for the contact time t = V@ where 
VR is the uncorrecied retention volume of the solute on the subtracting column, and 
F is the rate of flow of the mobile phase; hence 

For complete subtraction log x0/x can be taken as equal to 5, whereas for partial 
subtraction log x0/x should be about 0.04 to 1.0. The rates of the reactions, which 
can,be cdnveniently used in partial subtraction chromatography, cover a wide range 
under the ch,Tornatographic conditions employed (see Tables I and II for ,flow raies 
and des&ibtion of columns, Fig, 2 for retention volumes, an’d EXPERIMENTAL for H 

:, J, Clwowlalog., 13 (1964) r-g 



PARTIAL SUBTRACTION CHROMATOGRAPHY 3 

TABLE I 

PARTIAL SUBTRACTION CHROMATOGRAPHY OF CONJUGATED DIENES”’ 

1st I+ak zrrd Peak 3rd Peak I~eliwn jlow rate 
Ioh of lolal area) (:I& of total area) (% of total avca) ~mllrnitr) 

r,3-Penladiene 

AgNO,-glycol” 65 35 
AgNO,-glycolb and 
ClMAc 1 

60 77 
31 “;; 11.4 

Crude I-,3-lasxadien-5-yne 

Tri-o-tolyl phosphated 
ClMAI 2: 

45 0 

40 
0 69 

I, 65 35 0 31.5 
I, 83 27 0 I3 

AgNO,-glycolu 

ClMAc 

3, 
,, 

___-___ 
n Tcmpersture 40’. 

Crwde z,+lcexadiene 

40 18 

(wealarea 12-hexanell) 

0.23 0.32 
0.09 0.26 

0.04 0.18 

42 

I.10 116 

1.13 58 
I.11 31 ‘8 

b Saturated silver nitrate-glycol solution; column length I m; weight ratio solid support to 
stationary phase 2 : I. 

0 Non-crystalline chloromalcic anhydride; column length I m; i.d. 4 mm; weight ratio solid 
support to liquid phase z : I. 

ri Column length 2 m ; weight ratio solid support to liquid phase 2 : I. 
0 Th’e third peak, corresponding to the starting material, 1,5-hexadiyne (about IO %) was not 

taltcn into account in the above area calculations. 
f As c, but column length 2 m. 
2 As b, but column length 2 m. 
J* Added inert reference substance. 

TABLE II 

SUBTRACTION CHROMATOGRhPHYn OF A MIXTURE OF ISOPRENE (I), !+‘aWs (II)- AND 
CiS (III)-1.3-PENTADIENE AND CYCLOPENTADIENE ‘(IV) 

-__---- 
rsl Peak zrrcl Peak 3rd Pcrrk 4ll1 Peak glh Peak Ifeliicm flow 

CompoWd rate (ml/niira) 
n-lw~arcc .I II.. III IV 

._ . ._......_ _-_ -.--____-- 

Sintionary ~Jlase-~,B’-o.~ydipro~iorzilrilc” 

yO of total area 31.2 30 I4 7.6 16.8 

Stnlionary phase-chlovomaleic anltydridcc 

yO of total arca 48 32.2 8.8 II nil 42.2 

Area/arcs n-hexane 0,67 0.18 0.23 

.yo of total area 53.5 
Area/area whexane 

3007 3.1 12.7 nil 

0.58’ 0.058 
14.8 

0.24 

_.._ l__----_--- ---- 

a Tempcraturc 4o”. 
1~ Column length I m: weight ratio solid support to liquid phase 3 : I. 
c Crystalline chloromaleic anlI~x&/+ide; column length I m; weight ratio solid support to liiuid 

phase 2 : 1.’ 
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values). In the present esamples, for instance, the kinetic constants varied from 
2.0*x0-2 to 1.4*10-* set -l (half life time 30 set to 100 min respectively)“. 

Many reagents should he suitable for use in subtraction chromatography, 
provided conditions in the subtracting column are adjusted in accordance with the 
requirements of eqn. (I), H can be taken as approximately equal to unity, except 
where the retention volume is relatively small (see EXPERIMENTAL). VR can be varied 

80 

60 

40 

20 

aromatics 

-/ 
non-conjugated dienes 

ol” 
0.5 1.0 1.5 2.0 2.5 

LOQ RETENTION VOLUME RELATIVE TO n-PENTANE 

Fig. 2. Plot of log retention volume (relative to wpcntsnc) VIYSZLS boiling point for different classes 
of hydrocarbons on non-crystalline chloromaleic anhydride at 40~. Net retention volume nf qz- 
pentane r 1.3 ml, on 8 1 m x 4 mm column containing 7.4 g of a mixture of solid support and 

ClMA in the ratio 2 : I. 

by the amount of stationary phase used, and the effective value of the kinetic 
constant can be modified by choice of temperature, by the addition of catalysts or by 
dilution. For example, when experimenting with mercury acetate as a reagent for 
the partial subtraction of mono-olefins’, it was found necessary to dilute the acetate 
considerably with ethylene glycol in order to bring the half life time into a proper 
range (25 set and IOO set for I-hexene and cyclohexene, respectively). 

DISCUSSION OF RESULTS 

Differentiation between cis- and trans-x,3-dimes 

Chromatographic peaks due to cis- and trans-x,3-dienes can be distinguished readily 
from each other by partial subtraction with dienophiles. The tragzs-isomers, indeed, 
easily undergo Diels-Alder addition, whereas the cis-isomers8so react very much more 
slowly or not at all, ,’ 

Piperylene is the simplest &ample of a r,g-diene showing geometric isomerism. 

J. Glwomnlog., 13 (IgGq) I-g 



PARTIAL SUBTRACTION CHRO7/fATOGRAPHY 5 

The commercial product gives two peaks on a column with silver nitrate-glycol as the 
stationary phase. When the mixture was run on a dual column containing silver 
nitrate-glycol and’ ClMA, respectively, the proportion of the first peak decreased 
relatively to the other, and with a higher contact time (helium flow rate, 11.4 ml/m,in) 
dropped below that of the second peak (see Table I and Fig, I). It is easily seen from 
these data that the pentadienes emerge in the same order on both chromatograms, 
and that the first peak corresponds to the trans-isomer and the. second peak to the 
c&compound. In the same way it was possible to distinguish between the peaks due 
to cis- and Iran+1,3-hexadiene. In both cases, as the flow ,rate altered, areas corre- 
sponding to the &z-isomer did not change with respect to an adcled inert substance. 

The method has been used to prove the formation of tmns-1,3-pentadiene in the 
elimination reaction of the tosylste of trarts-2-metlxylcyclobutano110. The nature of 
the by-products, accompanying the expected 3-methylcyclobutene, could thus be 
ascertained unambiguously. 

Another interesting application is the identification of the geometric isomers 
of ~+hesadien-g-yne, prepared from I,g-hexadiyne by action of potassium tert.- 
butoxide in tert.-butanol 11, As shown by chromatography with a stationary phase 
such as tri-o-tolyl phosphate or Octoil, the product was found to consist of a small 
amount of unchanged starting material and two major components with peak areas 
in the ratio 5.5 : 4.5. On a ClMA column the peaks emerged,in the same order, as could 
be seen by their respective areas. When the flow rate of the mobile phase was reduced 
(see Table I), the second of the large peaks gradually decreased relative to the other 
and, thus, was ascribed to tram-x ,3-hesadien-s-yne* , The assignment was confirmed 
by preparative G.L.P.C. and infrared spectroscopy of the isolated fractionsll. It is 
to be pointed out that the tragzs-form of the 1,3-hesadien-g-yne has the larger reten- 
tion volume, contrary to the behaviour of the x,3-penta- and hesadienes, as well as 
of some monoolefins on polar stationary pliases12. 

Di~erentiation of strztctowal ty$es of conjzbgated dimes 

Structural factors may markedly influence the rate of reaction of conjugated dienes 
with.dienophilic reagents. In particular, alkyl substitution and inclusion of the diene 
system into a five-membered ring increase reactivity considerably. Available infor- 
mation in the literature~~“~ 13 on the direction and magnitude of such effects may be 
used with advantage for the identification of chromatographic peaks, as shown below. 

(a) Crude 2,4-hesadiene, prepared from crotonaldehyde and’ ethyl magnesiuin 
bromidela, gave on a silver nitrate-glycol column a chromatogram consisting of three 
peaks. According to ALDER AND VOGT 14 there is formed, in fact, in addition to the 
expected tram, tram- and tram, cis-2,4-hexadienes, also trans-1,3-hesadiene,. When 
the product was chromatographed at different flow rates on a column containing 
ClMA, it was found that the’first peak decreased rapidly, the second peak, more 
slowly, while the third peak remained unchanged (Table I). The last ‘peak clearly 
corresponded to cis,. traNs-2,4-hesadiene, which does not react under mild,conditions. 
The other peaks were due to tram, tra*zs-2,4-hesadiene and tragzs-x,3-hesadiene;‘their 
assignment could be made on the ground that substitution at both ends of a diene 

* It has ~&XI ‘re$ortccl 11 that with maleic anhyclriclc the clicn-ync forms ~,z,i,G-tctrahyclro-3- 
ethynyl phthslic snhydricle. 

J. Cltrontalog., 13 (1964) r-g 
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system (Irans, Iralzs-2,4-hexadiene, first peak) more effectively promotes Diels-Aider 
addition than a similar substitution at one end only. .’ 

(b) To illustrate the distinctive behaviour of cyclopentadiene, .a mixture con- 
sisting of isoprene, ::is- and trusts-r,3-pentadiene, cyclopentadiene, and gz-hexane 
(reference substance) was passed over a ClMA column at 40” (Ta.ble II). Only four 
peaks were found on the chromatogram even at the hi&r rate of flow of the carrier 
gas, as the cyclopentadiene had reacted completely on passage through the column. 
The non-appearance of a fifth peak was not due to low efficiency of ClMA as a station- 
ary phase, since, as shown on Figs. z and 3, the polar CLMA has about the same 
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LOO RETENTION VOLUME RELATIVE TO n-PENTANE 

Fig. 3. Plot of log retention volume (relative to wpentanc) vwsz~s boiling point for different classes 
of hydrocarbons on ,9,/Y-oxydipropionitrilc at 40~. 

selectivity towards various groups of hydrocarbons as @,/3’-oxydi.propionitrile, and 
all five compounds present, in the sample were readily separated ,on the latter phase. 

Peal< identificatio9z by accurate lzinetic data 

Accurate meas,urement of the rate of subtraction of a peak, and comparison with 
that of the component assumed to be present, can be used as a methodof identification; 
Such a procedure is of interest in cases in which preliminary peak assignment has ,been 
made, e.g. on the basis of the retention volume, but further confirmatory evidence,is 
required. The reproducibility and accuracy of the method is seen in Fig.> 4, in which 
comparison is ,made of the isoprene and tram-1,3-penta’diene. peaks appearing in the 
chromatogram of the mixture described in Table II. The values of log x0/x for the 
second and third peak of the sample closely fit the durves of the respective pure 
components. Special care must of course be taken to operate under the same con- 

4 
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PARTLAL SUBTRACTION CHROMhTOGRAPHY 7 

ditions; thus in all cases ClMA purified by crystallization was used, and the tempera- 
ture was kept at 40”. - 

1.0- 
bans-1.3-pentadiene 

isoprene 

200 400 600 

CONTACT TIME , SEC , 

Fig. 4. Plot of log x0/x ve~szcs contact time for isoprene and fuans-1,3-pcntadiene on a chloromaleic 
anhydridc column. ( -) Pure isoprcne and puix Zvalzs-I,3-pentadicne; points correspond to 2nd 
peak (A) and 3rd pcalc (A) of the mixture described in Table II. Stationary phase crystalline 
chloromalcic anhydride: column length I m ; weight ratio of solid support to liquid phase z : I ; 

temperature 40~. 

.Qacantitative analysis 

For qantitative.analysis a parallel run has to be made on a non-reacting stationary 
,pliase, and ‘the order of emergence of the peaks, as compared with that on the sub- 
tracting column, has to be’ checked. Such a comparison of peaks corresponding to 
non-reacting substances can be macle on the basis of their respective areas. As to 
reacting components, no difficulty arises if only one of the components is partially 
subtracted. If, however, more than one peak varies, assignment oan be made after 
estimating, to a first approximation, the initial amounts of subtracted components by 
,estrapolating to zero time the corresponding values of log 3~ (with respect to an inert 
reference substance). An esample of such a case is given in the experimental section. 

Materials 
EXPERIMENTAL 

r,3- and 2,4-Hexadiene were prepared according to ALPER +ND VOGT~~. Samples of 
r,3-kexadie72-5-y?ze were kindly supplied by Dr. IT. SONDHEIMER and Dr. D. .BEN- 

EPRAIM. All other dienes used were commercial products; cycZo$mztadiene was ob- 

tained from dicyclopentadiene by distillation. 
CkZoromaEeic anhydride was distilled at g6”/z5 mm, and, where necessary, purified 

by crystallization from etherI at --2o”, m.p. 31-_32O. 

.A$$aratzcs and procedzcre 

A Perkin-Elmer Model 154 A Fractometer was used in the experiments. The solid 

support was powdered Johns-Manville C-22 firebrick of so-80 mesh, prepared as 

described previously 10. The firebrick powder was coated with ClMA, using a small 

J. Clwomatog.. x3 (1964) r-g 
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amount of .&her as solvent, and immediately poured into the chromatographic 
column. The ether was evaporated by passing carrier gas through the column after 
installation in the apparatus, care being taken to avoid moisture. 

The quantities of material injected into the column were adjusted so as to obtain 
symmetrical peaks, and the areas were calculated by multiplying heights by peak 
width at half height. 

In experiments in which only a ClMA column was employed, the contact time 
(t) was obtained directly from the chromatogram by dividing the distance from the 
injection point to the peak masimum by the speed of the recorder paper. For dual 
columns t was calculated from the equation V”n = j Ft. V”~Z, the corrected retention 
volume was determined by a separate measurement using the ClMA column only; 
j, the pressure gradien: factor, was obtained by estimating the pressure (pi) at the 
head of the ClMA section of the dual column on the assumption that resistance to 
flow was proportional to length 17; I;, the flow of carrier gas at the: exit from the ClMA 
column at atmospheric pressure (PO), was measured with a soap bubble meter (the 
ClMA was always placed at the exit side of the dual column system). 

Deternzination of the $eaic order of the conz$omnts qf crude z,g-hexadierte 

This was carried’out on a z m column with a saturated silver nitrate-glycol solution 
& the stationary.phase (chromatogram A) and on a I m ClMA column (chromato- 
gram 13). The ratio of solid support to liquid phase was z : I on both columns. The 
ClMA was not purified by crystallization and was liquid at room temperature. On A 
the areas of the peaks with respect to gz-hesane were in their order of emergence, 
(I) 0.95, (2) 0.42, (3) 1.02. The first peak on B had the same relative area with respect 
to the‘inert reference substance as the third peak on A, and was therefore ascribed 
to the non-reacting cz’s, tragzs-2,4-hesadiene. As to the first and second peaks on l3, 
estrapolation of the values of log area ,x/area qz-hexane (Table I) showed that at zero 
time the first component had a larger area than the second component (log relativd 
area N o and -0.4, respectively). Hence it followed that on both chromatograms the 
order of emergence of the peaks was the same. , . . 

TABLE III 
_. 

N VALUkS OF DIENLS ON A CI-ILORO~IALEIC ANI~IYDRII~E COLUMN AT qO”* 

Colnpotcrld N 
- _--- 

l3utadicne O.GS 

Isoprcne OS4 
Ivans-1.3-Pcntadicnc o.sg 
2rai,ls-I,3-Wexsdienc 0.89 

. ka?zs,trans-2,4-Hexndiene I’.94 
Iraws-1,3-Hexadien-g-yne 0.98 

* For details on column see Table I, footnote f. 

H values’of dienes on a cklororvtaleic anhydricle colwnn at 40” 

H is calculated from the retention volume according to the equation: 

V’R 
13 = - 

T”n 

J. Clwomalo~., 13 (IgG4) I-g 
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where vV’R = adjusted retention volume and Vn = un.corrected 

The values are given in Table III, 
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SUMMARY 

Partial subtraction chromatography is defined as a procedure in which stationary 

phases are employed capable, under the chromatographic conditions, of reacting at a 

measurable rate with certain classes of compounds. The reaction occurring can be 

followed as a function of time by determining the areas of the corresponding peaks 

emerging from the column at different flow rates of carrier gas. 

Partial subtraction is proposed as a method of peak identification. Its application 

is illustrated by a series of examples in which conjugated dienes are the reacting 

components and chloromaleic anhydride is the stationary phase. 

REFERENCES 

1 W. E. HARRIS AND W. E. MCFADDEN, Anal. Chem., 3r (1959) 114. 
s M. ICREJC~, IL TEsnRfcxc AND J. JANAX<, in H. J. NOEISELS, ‘R. F. WALL'AND N. BRENNER 
(Editors), GasC?tromalogvuphy, 2nd Intcrnstional Symposium, Academic Press,Ncw Yorlc, N.Y.; 
1961, p. 255. 

:I N. BRENNER, E. CIEPLINSKI, L. S. ETTRIZ AND V. J. COATES, _J. Clwohzalog.,‘g (rgGo) 230. 
'I J. JANAK hNn J. NOVAK, Collecliort. Creclr.. Cluwa. Commw., 24 (1959) 384. 
6 D. W. l3kssm-r AND H. W. HABGOOD, J. Phys. Chevn., G4 (Igbo) 769. 
fi E. GIL-AV AND Y. I-IERZUERG-MINZLY, P~oc. Chem. Sot., (1960) 316. 
7 E. GIL-AV AND D. BRISK, unpublishecl data. 
s R. L. FRANK, R. D. EMMICK AND R. S. JOHNSON,J. Anz.C/~em.Soc.,Gg (1947) 2313; 
D. CRAIG, J. Am. Clrem.,Soc., 72 (1950) 1678: 
J. C. I-I. EIwn. P. L. ms RENNEVILLE AND H. J. SIMS, J. Am. Chem. Sot., ?32 (IgGo) 2537. 

0 K. ALDER, AIZB., 571 (1951) 157, 
lo J. HERLING, J. SIIABTAI ANII E. GIL-Av, Rz&, Res. Cozwcil Iwael, IIA (x962) 20. 
*I 1'. SONDI-IIZIMIZR, D. A. BEN-EPRAIM AND Y. GAONI,./. Am. Cl&em. Sac., 83 (1961) 1682. 
I2 Y. HIZRZBERG-MINZLY AND E. GIL-Av, unpublishecl data. 
1:) C. I<. INGOLD, Slwtclzwe al;rd Mechanism in Organic Chemistry, Cornell University Press, Ithaca, 

N.Y., rg53,P. 710: 
D. C+tIG, J. Am, Chem. Sac,. 83 (rgGI) 2285; 
M. J, ‘5, DEWAR; %‘etraJ&edvon Letters, 4 (1959) IG. 

I4 Ii. ALDER AND W; VOGT, Awn., 571 (1951) 137. 
16 W.G. BICKFORD, J, S. HOFFMANN, D.C. HEINZELXIAN AND S. P. FORI% J. Org. Chem., 22 (1957) 

.I 080. 
lo E. GIL-Av, J, HIZRLING AND J. SHARTAI, J. Clcronzatog., I (1958) 508. 
17 A, I. M. KELJLEMANS, Gas Clwonxzlogyapliy, 2nd Ed., Reinhold Publishing Corp., New York, 

I9591.P. x43. 

J. Clcrontatog., 13,(r'gG4) 1-g 


