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INTROI3UCTION 

Structural. analysis by paper chromatography, first described by SCHAL’ER AND 

~~~LIRSCH~ am1 discussed by MELOAN AND KTSBR~, is potentially a very powerful 
technique f.or compound identification. The basic concept is that each individual 
group \vithin a molecule contributes to the XF value and that when these individual 
groups are combined into ,a molecule there is a further contribution to the RI” which 
is called a group constant. This group constant and the contributions per functional 
group are determined by solving mathematical equations involving 13~ values. 
By using two different solvents to elute the components of two separate paper cliro- 
matograms it is possib1.e to determine the number of each of two different functional 
groups within a compound such as the CH, and COOH of an acid. In order to dcter- 
mine three groups, three different solvents are necessary, for four groups, four solvents, 
etc. 

The problem here was to see if the retention parameters of gas chromatography 
could he incorporated into the equations developed by SCHA~XR AND BULIRSCH. Al- 
though qualitative gas chromatographic structural analysis has been tried by many 
others, MERRIT AND WALSH” for esample, there seems to have been no attempt to 
correlate it to the above mentioned work. 

Irtst~~zr?~zc~ztat2:or~ 

The instruments 
detector and the 

used were an F and M 609 equipped with a hydrogen flame ionization 
second instrument was constructed in this laboratory”, and employed 

2000 52 thermistor detectors. 

Methylamine, propylamine. ethylenediamine, I++-butanediamine clihydrochloride 
and I,G-lles~,necliami~le Tvere obtained from Eastman; I$-pentanediamine from Ii 
and Ii Laboratories, q+butylamine from Union Carbide and Carbon Co,, and ro- 
hesylarnine from the Matheson Company. 

* l?rcscnt acldrcss : Dcpartmcnt of Chemistry, E:ast Texns State College, Comrncrcc, Tcsas. 
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16 V. E. GATES, C. E. MELOAN 

Those amines obtained as water solutions were dried over potassium hydroxide 
pellets. In the case of methylamine and ethylamine, the vials were covered with 
septum caps obtained from Fisher Scientific Company and a Yale syringe was used 
for sampling and injectin g tlie gases. Since r,6-hexanediamine solidified when the 
water tvas removed, the vial was warmed until the amine melted and a warmed 
syringe was used to inject the sample. The r,+butanediamine was liberated from its 
hydrochloride salt by mixing it with some potassium hydroxide pellets and adding 
a few drops of water. 

The columns were G ft. long and made of r/4 in. O.D, aluminum tubing. Gas-Chrom Z 
was used as the solid ‘Ghase in all of the columns. The liquid phases studied were 
Apiezon M Grease, Dow-Corning Silicone Oil 550, and Silicone Gum Rubber. 

The retention times of the amine& Table I, were obtained at a column temperature of 
os”, an injection port and detector block temperature of IIOO, an inlet pressure of 
7.5 p.s.i.g. and the exit at atmospheric pressure. 

RESULTS AND DISCUSSION 

The “J?,” values were calculated in a manner similar to that for paper chromatog- 
raphy. The solvent front was taken to be the air peak and thus the movement of the 
solvent front is equal to the column length. The movement of the component in the 
column when the air peak emerges is given by: 

Movement of solute = Cntr/& x length of columq. 

Using these definitions the “X&’ 
the relation : 

values for gas chromatography were .obtained from 

“li!p” = 
movcmcnt of solute 

= tnir/tn x length of colmnn 
movement of solvent front length of column = f,l r’lh* 

Then according to SCHAUER AND BULIRSCH: 

RM = -log (Y./R,* - I) = log RF/(1 - RF). 

And for gas chromatography using: 

“R&f” = -log (I/"&" - I)' 

Plotting “Rn(’ vwsus the number of CH, groups for each column is shown in Figs. 1-3. 
Next the matrix calculations were done for the three possible pairings of the 

three columns In each case the knowns were taken to be n-propylamine, gz-hexyl- 
amine, and r,+butanediamine. The qz-pentylamine was used as the unknown. The 
calculations for the Apiezon M-Silicone Gum Rubber combination follow. 

J. Chvornalo~., 12 (x963) 15--21 
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Number of Cl-IS groups in amine 

Fig. 1. Linear relation between “Rp” and the 
number of CII, groups in a molecule after 
transformation into “RM” = - log (~/“RF” 
- I). The column was 6 ft. long and contained 
Apiezon Iv1 Grease on Gas-Chrom Z. The points 
represent the amines having the corrcspond- 
ing numbers in Table I, and the “li!hf” values 
are those given in the table for the above 

column. 

+l.O- 

to.6 - 

40.2 - 

*‘RN” 0 - 

-0.2 - 

-0.6 - 

+l.O- 

40.6 - 

+0.2 - 
“RN’, 0 - 

-0.2 - 

-0.6 - 

-l.O- 

-1.4- 

-1.8. I I I I # I 
0123456 

Number of Cl-I2 groups in amine 

Pig. 2. Linear relation between “fil.*” and the 
number of CII, groups in a molecule aftcr 
transformation into “l<,jf” = - log (,/"Rp" 
- I). The column was 6 ft. long and contained 
Silicone Gum Rubber on Gas-Chrom Z. The 
points represent the amines having the cor- 
responding numbers inTable I, and the “RAN” 
values are those given in the table for the 

above column. 

2 3 4 5 6 
Number of CHz groups in amine 

Fig. 3. Linear relation between *‘RF” and the number of CH, groups in a molecule after trans- 
formation into “R&f” = - log (I/".Z?~" - I). The column was 6 ft. long and containccl Dow- 
Corning Silicone Oil 550 on Gas-Chrom Z. The points represent the amincs having the corrcspond- 
ing numbers in Table I, and the “Rnf” values arc those given in the table for the above column. 
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COMPOUND IDENTIFICATION BY GAS CHROMATOGRAPHY 19 

l?ropylamine -0.04G + 0.131 I 
I-Icxylamine -o.goo -0.702 2 I 
1,4-‘Butanecliamine -0.g22 -0.755 4 2 
Unknown -0.594 -0.410 5 I 

The cleterminant for this is: 

I 
= -0.040 + 0.131 I 

-o.goo - 0.702 I 
x 

0 3 

I 

-0.g22 -0.785 I 

“.Rn,l” “Rjg” I "Rn,l" "Jtnr2" 1 

-0.922 -0.785 1 -0.046 i-o.131 I ’ 
-0.04G fo.131 1 -0.900 -0.702 1 

The solutions for each terms are as follows, using the standard sign convention for 
matrices, +-, -, + : 

The denominator : 

-0.046 

I 

--z.;ct; ; +o.goo +0.131 I -0.922 
-0.785 I I 

= -0.04G (+ o.oS3) +o.goo (+o.gxG) -0 922 (+o.S33) 

= -0.004 f0.825 -0.70s = fo.053. 

The first term: 

"R‘),$" -0.702 1 
-0,7s5 I I 

= +o.os3 “Rn,l” 

The second term: 

+o.goo “Rnp’ 1 -o.gzz “R,,p” I 1 I -0.7s5 I I -0.702 I 1 

-0.022 “Rn,2” + O.OGI. 

"R,,ll" ' -0,7Y5 I -I- 0.922 i”R,jf2” I -0.046 “lil,~~~” I 
+O.Y31 I I -t- 0.131 I -0.7s5 1 

= -o.gIG “R.,,l” +o.Y7G “R<,,z” -0,157. 

The third term : 

“&,,,t” 

I 
-l- 0.131 I + 0.04G /“R&,2” 1 -o.goo “ll’flf”” I 
-0.702 1 I -0.702 I I I +0.13x I 

= -c 0.S33 “lz,,,1” --o.84.f’Rn12” +0.150. 

In order to solve for the number of CH, groups present the first term was multiplied 
by 3, the second term by &and the third term by 4. Adding the results together gave: 

---I,gr5 “Rngl” + 1.774 “R,@” -0.I59. 

J. Clzronznlog., 12 (1963) 15-21 



20 V. E. CA-ES, C. E. MELOAN 

Dividing this by the denominator value of + 0.053 gave: 

-36-x “R~rl” + 33.5 “R.I,~” -3.00. 

Substituting the values of “R,~z~” and “R&f” of the unknown into this gave 4.7 for 
the number of CH, groups. This is nearest to 5, and thus the number of CH2 groups 
in the unknown is calculated to be 5. To solve for the number of NH, groups the first 
term was multiplied by I, the second term by I and the third term by 2. Adding the 
results together gave : 

+ o-833 “R.,,l” -0.554 “R6,=” + 0.204. 

Dividing this by the denominator value of 3-0.053 gave: 

Substituting the values of “Z?nzf” and “I<#” of the unknown into this gave 1.1 for 
the number of NH, groups. This is nearest to I, and thus the number of NH, groups 
in the unknown is calculated to bc I. 

Thus, for this combination of columns the compound is correctly identified as 
pentylamine, C,H,,NH,. The results for the three column combinations are given in 
Table II. .Notice that the results are not valid when a column is used which has a 
non-linear plot of “RM” verszts number of groups. This is the case with column 3 and 
neither set of results are correct when this column was used. It was found that if a 
least squares treatment was made to obtain a straight line that all of the values in- 
volved were changed too much to give accurate results. 

TABLE II 

RESULTS OF THE MATRIX CALCULATIONS OF THE NUMBER OF CH, AND NH, GROUPS 

IN THE UNKNOWN, PENTYLAMINE 

I and 2 + I.1 5 I 

I and 3 -1.3 5 I 

2 and 3 -0.9 -0.9 5 I 

l For column 30. I the liquid phase is Apiezon M, for No. 2: Silicone Gum Rubber, and for 
No. 3: D-C Silicone Oil 550. 

With each San&e a small amount of air was intentionally injected so that the 
reference air peak could be used to locate the “solvent front”. Since the amines used 
covered such a wide range of boiling points and molecular weights, not all of the peaks 
were of satisfactory shape for quantitative analysis purposes, however, satisfactory 
retention time data was readily obtained. The variation of the points for methylamine 
and ethylamine from a straight line in Figs. 1-3 is common for the lower members of a 
homologous series in gas chromatography5. 

In general, the plots of “Rnr” vemcs the number of CH, groups (Figs. I-3) give 
straight lines similar to paper chromatographic results. The slope of the lines are of 

J. Chromaiog., 12 (1963) 15-21 



COMPOUND IDENTIFICATIONBY GAS CWROMATOGRAPHY 21 

oppositesigntothose obtainedby SCHAUER AND BULIRSCH,~~~ tothe organicliquid 
being a part of the stationary phase in gas chromatography whereas it isthemobile 
phaseinpaper chromatography. 

It can be seen that an analogy between paper chromatography and gas chro- 

matography does exist f?r this “structure determination", however, the calculations 
arerathertedious for the obtaining of the finalequationinto which the “MM” values 
from two columns for the unknown are substituted.Nev&theless, once a satisfactory 
combination ofcolumnsisselected,andthcfinalequationcalculated,thesubstitutions 

and subsequent calculations can be done readily. 
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SUMMARY 

It is shownthatthe method of “structuralanalysis" developedforpaperchromatog- 

raphy by SCHAUER AND BULIRSCH gives analogous results using gas chromatography 
when the equations arecorrectedforgas chromatographyparametersand the proper 
liquid phases are used for partitioning agents. Aliphatic amines were used to show 

theanalogy. 
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