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ll?XXlll-Kli’llO@X OW All,KALl METAL CHLORIDES AND NITRATES AS 

@XBlLJUMEK lP%CKllNGS IIN GAS-SOLID CHROMATOGRAPHY 

JOSEPH W. DRELICI-I 

Pa. (USA .) 

lhm ok%olbex- ng60:, HANNEMAN, SPENCER AND JOHNSON~ employed eutectic 
*. 

rmu&mres; od lli&h&uwn~,. so&um,. and potassium nitrates in the temperature range from 
iI~+-#W)“:. “IThi.& work was ihl the, realm of GLC. In a further study by HANNEMAN~, an 
a~e*.rullallliy d!!termi.kedl dlZa plot to 135” was a straight line for this eutectic 
mraii&luutre:. Tlh& ~~;rais: ri5j” bellow the, melting point of the eutectic mixture, hence, lie was 
ttlh~ 6&t user oC ik~organik salts as. adsorbents in gas chromatography. 

IRE A.F.XID~ IKAILLEN.BACI~~ bega investigation of a number of inorganic salts 
((~5 X;, lb~ ~&;iglM1-) adsorbedI on Cliromosorb P to separate o, nz and $-terphenyls. They 
ii&likzuti&ll l&tttlk~ rekutik~nsh.ip~ existed between cation-anion changes and suggested 
a~dlsoialptik~m~ .\nnas priknari%y dependent upon surface characteristics. 

~)~~~~,ul~.~l”~olsh~~e~ O~.WZ and+-terphenyls and a variety of other compounds 
dik@a+tig wariou~ pok~rities,. He, employed Chromosorb P as the support for inorganic 
szulltk. ~exeaalilty-, he obsenuecl that the more polar compounds eluted at a higher 
ttennqpara&mre~ tilh~ the, less polar even though the boiling points may be the same, He 
s&&ieuR alllkallii metiaJ chlorides,. sulfates,. and carbonates. Much of his studies were 
&~tia~ to) lliitlhiiuum~ chl’ori’de:. He, found o “/o LiCl on Chromosorb P, yielded excessive 
tiai8iinq armzdl roo)a//o, i&l.katedJ tlie opposite effect, i.e., peaks rose gradually and fell 
slhzaqpl& a&ierr the, maxknum was reached. Intermediate concentrations yielded sharp 
.qmMmle&ikll JXi!alk% 

Ska~~,uno)~ conchzcledl that separation by solids is effected by (I) weak bonding 
lbatieerm t&e ikzqank salk an& tlie organic molecules or (2) by a modification of the 
a~&~~siites o~D’tiMe* colkurnn~ support which then react with the organic molecule. 

Stome~ generiaJiik~bi!ons .froml liis studies are : 

((a;)) WdHlibig poiiit 0Ei‘ the solid lias little effect upon column performance. 
((lb,)) IIB‘ km siullfts~ ame. rmised! retention properties are the average of the two when 

ZalulljWttedl f&r concenltIiationl.. 
((c)) Arui.k~-aa~tiion~ effects are significant. For example, sul.fates cause elution 

tkrmqpena~tluures $01 iktcrcase~ when compared to chlorides. 
~RWKIKW KJKID~ NILxzzN.A~uF*~ discovered that certain inorganic complexes display 

zu m&l!e vzu&tty OQ adkorptiiie~ characteristics. Water, 
~p~:n~~li$iik~ alliiiated! to paoduce~ very porous solids 

*I (Gieiifiir Clhmuiaail &mqmny,. Cranston, R.I. (U.S.A.). 

pyridine, or ammonia were 
with relatively large surface 
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areas when compared $0 the s;taritiing in.xatieaiialls. C0qgtic ~DUIII&Z~ dlik*~~ W~IX&D~ 
polarities were studied. These ~stidies :s!ho~~dl coqgonatkdi caeaqponmmxk mneare! lb~&U xtnnog$ 
strongly and aliphatic compou&l.s lleastt .skax~au@lsy.. d&es tittlh ;a~ Ikoxmez Ip”iirr (08 e&,mams 
do not desorb. They ;post~ulatjed iintieractio (ooauurs beham t&e mwettd iin ttIhwl wmqp&~ 
and either t,he lone pair or ipa& of eIkx~onns iiun rm.%tqgam tour cozqqga COJU W$&I ttl& _a: 
electron system in aromatic compouinds,, and lkikslt@7 iby ii~&n~aedl &iIpxoln(e?s; iirm It&e zullijlpilfn,uttiic: 
series. 

This paper deals with ;a !logkaIl ~e~~&~atiorti1 coff lb&l~~ ttonte :aU&iii ~cllnll~oxrii&es ~dl M 
nitrates employing non-polar., polar,, and ~zunomm;attiic ~c~~mm~O.. 

EXPERIMENTAL 

Salk. The following salts were z~oqlu%nedl lliroara JJ.. T.. lE%aikor Glbemmii~c~ ~~omrmlpaum~- 
(Phillipsburg, N. J.) and were ““iBak!r 2k~anyzx!dl”” cqlllEaJ&iin~:: ILWl,, xkal(Cll,, lkxll,, lLiilxq,, 
NaNO,, and KNO,. Matheson., Go!leni~:an., :auud IBeM ((E&t lI4!&ll1~e11%oxdl,, XJJ..)) sqp@liie~ 
RbCl. K and K Laboratories !@%kin&e?ld, XV..)) .sqp@l&adt CC&Xl,, .lF&~~0:,, amdi GZ4D:1,. 

SoZ~~2es. J, T. iBaker Chemicall Gomlpany ((lE%iMii~slb~, l&V&)) samll@liiex7ll~-~e~,, 
isopropanol, n-smyl alcohol, :a.nd iisoamyil ~alloolln~oll. IFiislln~eir $%&omti(c Go~nn~~ (@%.iiu 
Lawn, N, J, ) supplied n-pen&me., m-prqxu~~~, +lbxutia~ll~ll,, ii4l~nnlkaummco~ll,, aumdl k~#..+umm~ll 
alcohol. K and K Laborakkies i(F%~~elld, NV..)) .sq~iI~llii~txll z,,z+&m~~&lln~ll~~~o~ll.. 
Matheson, Coleman, ‘and iBell ((East Rnnitlh~omdL, N.J..)) .s~lplpllii&l ~-ma&lln$@ean~~~,, z,,z+ 
dimethylbutane, and .z-methy&pen;t;az&i, as ~ellll :a$ Un&$h lp~Gt@ mmcticre,, &~&WC,, 
propane, butane, and iisobntane iin niec;huune lbottties. Ensttarm;aun (~zxrmik Glknuii& 
(Rochester, N.Y.) supplied .z-me&@butizun~e,, !~db~tt~~~d,, ;a~rnin ~~-h~_tifOa.. ok.. 

Service, Inc. (Media, Pa.) supplied :aQU rr;ean;aiiuGqg clluemmii~ca&.. 

.Tmtrzzmm!s. The instrument ernp’lc~~ed was :a RerIlGm-Elimmc Bkoxdkell rt~-D Vaqpxo~n 
Fractometer manufactlured by &e Eerkkn-Ellrmnlerr Gcq~.. ((WIJ!~W~L&,, Goxmiu..)).. ?k lLe&k ZUE& 
Northrup Speedomax Model EI iReoorder,, tittih :a E auW ccll.~& qpam,, IIUEU&E~~~ ll~~- 
t.he Leeds and Northrup Company,, lI%&Udel@hk,, lPZiL.,, Rm;as MSIEd tthWOXlll&lHO, ttblik 

investigation. 
A ccessories. Hamilton syringes xvezie ceaqpllqiodl &or ~uIU ticqlnniidl WIIDD@~ Gurus; 

sampling was effected through the use of it&e gas .sa.nm~~ RWEWZ iin~ ttlke iim~&natmmermtt.. 
A soap bubble flow meter was ~oons;tmnl&edl &norm :a ~ICQUD mnll lbxnmetttk 
CoZtin2~2 $?ee$arat;t’o72. Tlhe :a.ilkaEi uineitall :~a.&.. ~eme ;gmoruun(dl lby mmcaaums co8 ;~ll rmnco)ntf;aur 

and pestle and then sieved to 6o40 mesh :s!ze. Gqq~es tiig (((0..lD.. (oxq km..,, ll..lD.. 
0.23 in,) was cut to 320 cm and cleaned tiltlh aioetboanie ;au~dl Un~elliinnnim gas U.(o) mexam(o,~c(e aum_n 
grease and/or dust particles. The LiCI1 ~oo%uuu~~ was ~rne~aurkll iinn ;a (dlq,~ rmiiikmo~em~ a~ticols; 
phere because of its very ~deliquescenrt axatume. ‘ll%~e ~oc&nnn~n pauckikqg WUI~ Glldlkll aumdl. talk 
column was vibrated to ,ensure ldense packiirag.. ~Qn~aurtt~e~~iian~cIln @lnqgs ccnff g$u~ nnloxojll wsww 
used in b&h ends of the tabing.. The ~ooktu~~~s weme tllwxm pmsoo~mdihtii~ica fioxr ;ill mmbiimmunmm 
of 2 h at 200 O with a helium floss traitie olf ~(00 ~~~ttukiin.. (C&X,, lRlbiW0:,, aumdl lLiiiXBo n~rennc: 
preconditioned for only 2 12:; ail1 other ~ooUnnmns weme pn~aondliiti~~~adl fiior -4 Itn.. lh taLM 
cases the criterion for ~en&ing condiit~oniing was ttlhe Ilaa~e-iliirm~e &&6Uii~~... &klh~o~~~~lb ltllue: 
base line was stable for all columns :afrter one Unlonnr cotf cqpen;attii~oxm;; iitt was &xii&xll ttltnattt ii& 
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MXXALE METAL CHLORIDES AND NlTRATES AS COLUMN PACKINGS IN GLC 307 

wouM! be wise to add at least an additional hour to ensure removal of all volatile 
contaminants. 

It was discovered that the frequency of injection effected the retention 
characteristics of some of the higher boiling compounds studied. It was also noticed 
that the, first injection of a sample had a slightly larger retention time ; the magnitude 
was. in the order of o. I sec. Thus, it was decided to standardize the sampling procedure, 
Each sample was injected with exactly I min between successive injections. When 
hlkretention time was close to a I min (within IO set) interval, z min elapsed between 
injiections. This same procedure was employed for the air samples. 

The adsorbent properties of the alkali salts were studied using one microliter 
samples.. The data presented was the result of five repetitive sample injections. This 
murnber of sample injections was justified after the precision shown in Table I was 
determined. 

Gas, sampling was done in an analogous (I min intervals) manner. The flow rate 
08 the, gas samples through the gas sample valve were difficult to contrql; all were 
essentially 60 cc/min (& IO cc/min). All retention volumes are numerically equal to 

DRCECISLON. DRTERMINATION (BENZYLAMINE) 

Conditions: column KCI, Go-80 mesh; temperature, x2 1 a * 1 .o”; flow rate, Go cc/min; rctcntion 
i.iikne~ of air (ten repetitive samplings), 35,7 sec. 

42..3; 
4+2..3: 
+z..2 
$2’. 3, 
42.3, 
42..3, 
42’. 3: 
42.2: 

4!2.3: 

42’. 3; 
49.2 

42..3: 
42’. 3: 
442.3 
4g*.3; 
4L.3: 
4”-‘..3; 
42.3: 
42’.+ 
41”‘..3; 

.-. 
442z!9;0 

X = 42:..3. = mean 
d = 0.02 = average deviation of a single measurement 
S. = 0:02Q’4 = stsnclard deviation of a single measurement 
s. x 0;06+ = stanclarcl cleviation of the mean 
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B. A Ccohols 
Methanol 
Ethanol 
dl?~opanol 
Iso,paopanol 
w-Butanol 
Isobutand 
sec.-Butanol 
levi.-Butand 
n-Amyil zulcdhol 
J.soamyl :a~cobdl 
2,24IXmethyOrprqp~oU 
3-Pentand 
2-Methy&o-tbukamdl 
v7 -Wexanol 
2-Hexanol 
3-Hexanol 
4-Methylpentand 
3-MethyQlent~L~0l 
2-MethyJpentand 
2-Metll,yn-a-~e,n~~~01 
2-Methyl-.3-pen;t;a1~10l 
3-~let~~y~-,3-ipc~~~~ 
3-MethyJ-4-pen;t;wd 
‘~-Metl1y~-a-ipc~~W~ 

cw..“” 

lW*.U 

l0..j7 

rw.22 

II ..B 

U..(o) 

(0,.(G 
a 
~2..GJ 

220 

lbl 
‘0..7 

m-g 
g..cw 
2.. Il. 

CW.JGJ 
.&8 
“...K 

.&8 
U.J0 
It.2 
lI..(0 
L.7 
a..# 
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TABLIZ II (conliwed) 

309 

n.p. Vn’ * 

LiCZ NaCZ ICCC? RbCl CsCl 
(r2o0) (x20°) (12oO) (1200) (r2cJ0) 

w-Decane 
2,2,5-Trimetlrylhcxa.nc 
Butylaminc 
sec.-Butylamine 
Isobutylamine 
ted.-Butylaminc 
Aniline 
Benzylamine 
2,4-Dimethylaniline 
o-Toluicline 
m-l’oluidine 
o-Anisicline 
o-Chlorosnilinc 
un-Chloroaniline 
m-Chlorotoluene 
+-Chlorotoluene 
2-Picoline 
3-Picoline 
4-Picoline 
Benzene 
a-Heptanone 
3-Heptanone 
wt-Cresol 
p-Cresol 
o-Xylene 
nz-Xylcne 
p-Sylene 
Nitrobcnzene 
I-Nitropropane 
2-Nitropropane 
Pyricline 

174.0 

77-o 
G3.0 
(39.0 

@.O 

184.0 
185.0 
244-o 
199.0 
203.0 
225.0 
2oS.o 
229.0 
162.0 
162.0 
128.0 

143.0 
143.0 
80.0 

150.0 
148.0 
202.8 
202.5 
144.4 
139.0 
138.0 
210.0 
132.0 
120.0 

153.3 

I.4 
a 
0.s 
0.4 
o-4 

g.2 
13.2 
21.8 
12.1 
15.0 
30.0 
12.3 
23.8 
I.2 
I.2 
1.0 

2.3 
1.G 
a 

O-7 
0.5 
Il.9 
12.1 

0.4 
0.2 
0.2 
9.6 
0.1 
a 

I.7 

I.2 
a 

0.7 
0.7 
0.2 
a 

712 
1o.G 
21.8 
12.3 
13.2 
25.0 
13.9 
30.3 
I.5 
I.3 
0.3 
I.5 
1.G 
a 
0.9 
o.G 

15.1 
15.5 
0.2 
0.1 
0.1 

15.6 
0.3 
0.2 
0.5 

a 
a 
0.1 
a 
a 
a 

::: 
I&I 

9.8 
IO.9 
23.8 
13.3 
27.7 

I.4 
I.5 
0.4 
I.3 
I.5 
a 
0.8 
a 

13.3 
13.8 
a 

0.3 
a 
15.1 

0.3 
a 

0.3 

a 
0.1 
0.1 
a 
a 

;.G 

6.3 
16. I 

9.5 
10.6 
23.6 
13.0 
28.5 

I.9 
I.9 
0.7 
I.3 
144 
a 
1.1 
o-3 

17*4 
18.2 
0.5 
0.6 
0.1 

14.4 
0.7 
0.5 
o.G 

a 
a 
a 
a 
a 

Tl 
b 

?I 
b 
b 

: 
a 
a 
a 
c?, 
a 
a 
a 
1.0 
b 
a 
o-9 
a 
0.7 

:: 
a 
a 

the retention time, in set, i.e., the flow rate, in all cases, was 60 cc/min. All retention 
volumes are adjusted to air, i.e. 

T/It’ = T/Jt - V,yf(air) 

DATA AND DISCUSSION 

Retention volumes for the various compounds studied are found in Tables II 
and III. Heats of adsorption for these compounds on the alkali salt columns are found 
in Tables IV and V. 

Retention volume is discussed extensively for the nitrate columns and heats of 
adsorption extensively for the chloride columns. The principles are valid in both cases; 
we decided not to repeat ourselves. 

“’ I. Retention volacnze 
I. Chloride ~ohv~~~s 

Representative data are found in Tabik II. 
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310 R. L. GROB, G. W. WEINERT, J. W. DRELICH 

TABLE III 

ADJUSTED RETENTIOX VOLUMES (v,<‘) ON hLICAL1 METAL NITRATE COLUMNS 

Conditions: flow rate 60 cc/min; sample size I ,111. 

l3.p. V,’ * 

LiNO, .iia.iiO, rclvo, 
(30°) (30°) (30°) 

RbNO, 

(30°) 
CSNO, 

(30°) 

A, AIkaaws 
Metllanc 
Etllanc 
Propane 
w-Butane 
TSObUt~llC? 

n-Pcntane 
z,z-Dimethylpropane 
2-lMethylbutane 
?I.-Hexane 
3-Methylpentanc 
z-Methylpentanc 
z,z-Dinwthylbutane 
2,3-Dimethylbutane 

-161.5 a a a a a 
- 85.3 a a a a a 
- 42.17 a a a a a 

0.5 a a a a a 
- 12.0 a a a Zl a 

36. I 0.7 0.s 0.6 1.5 1.7 
9.5 0.1 a a 0.3 a. 

2s.o 0.4 0.G 0.4 1.0 
GS.7 3.4 3.0 3.0 5.5 Z:; 

G3.3 2.7 2.4 2.5 4-G 5.4 
Go.3 2.4 2.1 2.1 4-I 4.5 
49.7 I.4 I.5 I.4 2.9 3.4 
55.0 2.0 2.0 I.9 3.9 4.4 

B.S. VI,’ * 

.Li.iVO, 
(.r20°) 

NaNO, A-NO, RbNO, 
(12oO) (12d) (1200) 

CSNO, 
( 120°) 

B. Alcohols 

Methanol 
Ethanol 
wPropano1 
Isopropanol 
w-Butanol 
sec.-Butanol 
Isobutanol 
levl.-Butanol 
12-Amy1 alcohol 
Isoamyl alcohol 
/cd.-Amy1 alcohol 
2:2-Dirnethylpropanol 

in acetone 
3-Pentanol 
2-Methyl-2-butanol 
?z-Hexanol 
2-Hcxanol 
3-Hcxanol 
4-Methylpentanol 
3-Methylpentanol 
z-Mcthylpentanol 
z-Methyl-z-pentnnol 
a-Methyl-3-pentanol 
3-Methyl-3-pentanol 
3-IMethyl-4-pentnnol 
4-Methyl-z-pentanol 

G4.7 
79.3 
97.2 
52.3 

117.7 
99.5 

107.9 
52.5 

138.0 
131.5 
101,s 
113.0 

116.1 

102.4 
157.5 
139.0 
135.0 
151~0 
152~0 
148.0 
122.5 
I2715 
I22,O 
13700 
13I*S 

0.2 

a 

o-5 
0.1 
I.2 
0.4 
0.S 
a 
2.6 
2.0 
0.5 

a 

0.9 
0.4 
5.4 
2.4 
I.9 
4.2 
4-I 
3.4 
1.1 

I.5 
I.2 
I.9 
1.7 

o-5 a 
0.7 a 

2.0 a 

0.9 a 

3.7 a 
1.9 a 
2.7 c?. 
o-9 a 
s.s 3.6 
6.3 2.6 
2.0 0.9 

12.1 a 
2.G I.5 
I.9 0.7 

Ii.9 6.3 
5.4 392 
3.G 2.6 

13.1 5.1 
12.1 5-o 
10.1 492 

2.2 I.4 
2.5 I.7 
2.9 I.5 
3.6 2.5 
3.0 2.1 

o-3 0.2 

0.2 0.2 

o-9 1.1 

0.3 0.4 
I*3 2.2 

1.1 I.2 

I.7 I.7 
0,4 0.3 
5-o 4.4 
4-o 3.G 
I*5 I*G 

8.3 
2.1 

I.2 

;:: 

3.9 

g:: 

647 
2.s 

3.0 
2.7 
4.2 
3.7 

I.9 
2.5 
a 
S.7 
5.3 
4.5 
791 
9.2 
7.6 
3.1 
3.2 
2.4 
3.6 
3.S 

t a = VIZ’ equal to zero. 

(co?t.fi?bzred on p. 311) 
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ALKALI METAL CHLORIDES AND NITRATES AS COLUMN PACKINGS XN GLC 311 

TABLE IX1 (ccUzli7zzred) 

C. Olhv samjdes 

2,3,4-Trimcthylpcntanc 
w-Nonanc 
wOcty1 alcohol 
+Dccane 
2,2,5-Trimcthylhexane 
Butylaminc 
sec.-Butylamine 
1sobut;ylamine 
ted,-Btdylaminc 
Aniline 
Benzylamine 
2,4-Dimcthylaniline 
o-Toluicline 
m-Toluicline 
o-Anisiclinc 
o-Chloroanilinc 
n+Chloroanilinc 
m-Cl~lorotoluet~e 
$dXlorotoluetw 
2-Picoljne 
3-Picoline 
4-Picoline 
Bcnzcne 
2-Heptanonc 
3-Meptanonc 
nz-Cresol 
p-Crcsol 
o-Xylcnc 
nz-Xylcne 
p-Xylcne 
Nitrobcnzenc 
r-Nitropropanc 
2-Nitropropanc 
Pyricline 

B.$. VIZ’ * 

LiNO, 
(120°) 

NCJNO, 
(1207 

KNO, RWO, 
(1209 (rr3°)L 

CSNO, 
(rrs”) 

150.7 
195.0 
I 74.0 

77.8 
63.0 
(is.9 
4G.G 

184.0 
185.0 
244.0 
199.0 
203.0 
225.0 
208.0 
zag.0 
162.0 
102.0 
128.0 
143.0 
143.0 

80.0 
I 50.0 
148.0 
202.8 
202.5 
144.4 
139.0 
138.0 
210.0 
132.0 
120.0 
153.3 

a 
0.4 

8.8 
I.4 
a 
0.3 
a 
a 

:.g 
14.7 
19.3 
11.8 

I3.8 
30.2 
15.7 
35.1 

I.9 
I*9 
1.0 
2.8 
3.6 
a 
1.1 

0.9 
15.9 
16.4 

0.8 
o-5 
0.5 

15.7 
0.5 
0.3 
1.1 

iL 

0-G 
8.0 
I.9 
o-3 
0.8 
o-5 
0.7 
0.5 
5.4 
7.4 

1G.g 

9.4 
10.5 
22.G 
12.9 
2G.7 

2.0 
2.1 
0.9 
I.9 
2.3 
a 
I.7 
I.4 

13.5 
18.4 

0.9 
0.7 
0.7 

14.3 
0.9 
0.0 
1.0 

a 

::; 
I.2 
a 
a 
a 
a 
a 
5.G 
5.7 

1597 
9.4 

12.5 
25.3 
13.0 
28.3 

1.5 
I.5 
0.4 
I.2 
I.3 
a 
0.s 
0.7 

14.4 
14.0 
0.5 
0.3 
0.3 

13.7 
0.3 
a 
0.3 

o-3 
I.2 

162 

3.1 
0.G 
0.3 
a 
a 
a 

10.2 

IO..+ 

2G.4 
15.5 
18.4 
36.8 
20.4 
42.2 

3.1 
3 .2 
I.4 
2,s 
3-o 
a 
2.5 
I.9 

23.0 
23.4 

I,4 
I.3 
I.2 

21.3 
I.3 
0.8 
I.2 

o-3 
0.8 

14.7 
2.5 t 
0.6 
a 
a 
a 
a 
8.3 
8.5 

22.2 
12.7 
15.G 
31.7 
17.G 

“Z 
2.G 
1.1 
2.1 
2.4 
a 
1.8 
I.5 

19.2 
19.1 

I.3 
1.0 
1.1 

17.7 
0.9 
0.6 
0.8 

We have a complete set of data only for the hesanes. All other alkanes in- 
vestigated either eluted with air or some of the isomers in a group of compounds 
eluted with air. We will consider only a complete set of data. Retention volumes are 
found in Table III. 

+Hexane has the greatest retention volume on all columns at all temperatures. 
If we had a synthetic mixture of the five hexane isomers we would expect elution 
order to be determined by the boiling points of the compounds. That order would be 
?z-hexane, 3-methylpentane, z-methylpentane, 2,3-dimethylbutane, and z,z-dimethyl- 
butane. 

The elution order on all columns under all conditions is precisely this order (an 
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TABLE IV 

HEATS OF ADSORPTIOS OS x\LKALI METAL CHLORIDE COLUMNS 

Conditions : temperature 50~. +o”, 30~ ; flow rate 60 cc/min; sample size 1 111. 

AHa* 
_--_ 

LiCZ NaCZ KCZ ROCZ cscz 

A _ A zllolrcs 
wl-lcxanc 6.71 12.10 S.42 8.22 10.35 
3-Jlcthylpentanc 5.s2 12.70 10.35 8.14 5.21 
z-~Lcthglpcntane 5.06 14.50 6.85 8.02 5.73 
z.2-Dimethylbutane 6.09 16.50 2.75 7.21 3.07 
2,3-Dimethylbutanc 5.57 I4.50 9.10 8.03 2.11 

L 

Conditions: temperature xSoO. 150°, 120°, 105~. 9o”, 70~; flow rate 60 cc/min; sample size I pl. 

LiCC NaCZ A-CL ROCZ cscz 

I?. Arwllols 
Methanol 
Ethanol 
w-Ropanol 
Isopropanol 
w-Butanol 
sec.-Butanol 
lerl.-Butanol 
rr-Amy1 alcohol 
lsoamyl alcohol 
Awl.-Amy1 alcohol 
2,2-Dimcthylpropanol in 

acetone 
3-Pentanol 
a-Ncthyl-2-butanol 
wHcxano1 
2-Hcxanol 
3-Hexanol 
4-Jkthylpentanol 
3-Xethylpentanol 
23Iethylpcntanol 
a-Methyl-2-pentanol 
2-3lethyl-3-pentanol 
q-Xcthyl-2-pentanol 
3-Blcthyl-3-pentanol 
3-~Iethyl-4-pentanol 
Jsobutanol 

C. Other samples 

7r-Octyl alcohol 
Butylamine 
sec.-Butylamine 
Isobutylamine 
Aniline 
Benzylamine 
z,q-Dimcthylanilinc 
o-Toluidinc 

21.52 13.40 
17.21 Z.GO 

7-34 IO.49 
5.56 14.80 
S-43 9.88 
7.02 6.54 
9.84 23.~1 

6.47 13.20 
G.-jr X4.50 

n.a. T-65 

8.62 
14.17 
9.80 
11.14 

12.99 

IS-39 
14.Yj 
12.21 
12.21 
ma. 

13.25 n.a. 
10.41 n.El. 

8.61 n.a. 

9.92 10.54 

9.30 IO.SS 

9.49 13.92 
15.45 I1.a.. 

II.34 IO.97 
s.21 9.72 

II.74 15.12 

9.46 10.90 12.S5 9.54 13.23 
17.71 3.42 14.79 9.92 12.gG 

IO.37 n.a. IS.19 13.06 ma. 

7.98 II.SO 12.04 9.45 11.52 

7-45 lo.98 11.56 9.16 9.74 

23.63 14.44 II.86 8.61 10.71 

9.63 11-53 9.23 9.87 9.92 

15.03 IO.98 II.29 5.61 9.73 
6.90 12.07 12.54 9.36 10.84 
5.7s 0.63 12.54 9.64 9.54 
7.61 I .23 9.37 IS.19 10.22 

7.45 12.00 11.30 8.63 10.22 

6.71 13.21 11.63 10.63 9.93 
2.07 IO-44 11.32 9.74 9.69 

5-51 n.8. 11.86 8.44 X2.96 

22.42 IG.OG 13.25 9.87 11.a. 

1.30 9.36 n.a. ma. n-a. 
0.10 s-64 n.a. n.a. ma. 
7.61 J-42 n.a.. n.a. ma. 

16.16 x3.09 12.13 13.16 n.a. 
3.52 12.SS 13.15 13.07 ma. 

14-43 X5-41 14.07 X4.03 n-a. 
17.32 14.20 13.55 13.49 n.a. 

_- 

* All values negative; n.a. = not nvailablc. 
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ALKALI METAL CWLORIDES AND PU’ITRATES AS COLUMN PACKINGS IS GLC 3x3 

Conditions: tcrnpcraturc lQo”, 150°, Izoo, 105O, 9o”, 70~; flow rate Go cc/min ; sample size I 1.11. 

AHa’ 

LiCZ NaCZ KCZ RbCl CsCl 

wz-Toluicline 
o-Anisiclinc 
a-Chloroaniline 
nz-Chloroanilinc 
m-Cl~lorotoluene 
gb-Chlorotolucne 
a-Picoline 
3-Picoline 
4-Picoline 
2-Heptanonc 
nz-Cresol 
p-Crcsol 
Nitrobenzcne 
Pyriclinc 

15.45 
‘1G.23 
16.74 
13.05 
10.12 

IO.55 
25.42 
IG,GG 
15.31 
n,a. 
17.23 
17941 
12.13 

9.80 

15.46 13.53 
13.29 14.16 
II.97 12.99 
12.81 IS.04 
n.a. 17.61 
11.a. 22.20 

5.64 n.8. 
5.65 17.66 
6.36 17.77 
1.30 n.a. 

13.G1 15.oG 
12.71 *5,15 
12.74. 14.39 

2.47 12.13 

13.23 n.5. 
14.55 ma. 
13.01 ma. 
14.31 n.a. 
17.19 ma. 
17.19 n.8. 

7.60 ma. 
13.83 n.a. 
17.01 11.8. 
14.35 n.a. 
15.18 n.a. 
14.72 ma. 
13.34 ma. 
11.a. ma. 

error of & O,I cc, in retention volume, is considered within the realm of experimental 
error). 

If we next consider all the values of a specific compound on all of the columns in 
order of decreasing retention volume, we have CsNO, > RbNO, > LiNO, > KNO, 
= NaNO,. The most valid place to discover this trend appears to be at the lowest 
temperatures (30’). At higher temperatures the differences become smaller and any 
trends discovered are more liable to be in error. 

This trend in elution order appears to exist for all of the hexanes. We emphasize 
that this appears to be true because this trend does exist for rt-hexane and 3-methyl- 
pentane, which are the higher boiling compounds. The lower boiling compounds 
appear to follow when we consider a possible error of -& 0.1 cc, in retention volume. 

13. AZcolzoZs 
All retention values are found in Table III. Some of the compounds found in this 

table are reproduced below in Table VI. Values given in this table are for the lowest 
temperature of evaluation. The alcohols are listed in increasing order of boiling points. 

Chain branching appears to have a marked effect upon elution order. Speci- 
fically, ut-propanol and sec.-butanol have approximately the same boiling point yet 
N-propanol is adsorbed more strongly. This is possibly due to a blocking effect of the 
hydroxy group, i.e., the formation of alcoholate complexes; the AHf of which are 
sensitive to the stereochemistry of the alcohol. From this data it appears that inter- 
action is between the column packing and the electronegative portion of the sample 
molecule. 

Table VII illustrates this effect more drastically with gz-amyl alcohol and 3- 
methylqpentanol. 

Some generalities can be drawn from the data regarding the alcohols.The boiling 
point primarily determines elution order, however, when chain branching occurs, the 
more highly branched species elutes before the straight chain alcohol with identical 
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TABLE v 

HEATS OF ADSORPTION ON ALKALI METAL NITRATE COLUMNS 

Conditions: temperature 3o”, 4o”, 5o”; flow rate Go cc/min; sample size I 1~1. 

AH, * AH,: Temp. 
Izcall (“C) 

LiNO, .iia_iiO, KNO, RbNO, CsNO, mole 

A. A tkanes 
Methane 
Ethane 
Propane 
a-Butane 
Isobutanc 
w-Pentane 
2,2-Dimethylpropane 
n-Methylbutanc 
+Hexanc 
3-Methylpentane 
2-Methylpentane 
2,2-Dimcthylbutane 
2,3_Dimethylbutane 

n-8. ma. 
n-a. n.a. 
n.a. n.a. 
ma. n.a. 
n.a. n-a.. 
n.a. 20.66 

n.a. n.a. 
n.a. 18.03 
IO.35 9.10 
12.09 9.75 

9.75 IO.91 

12.44 IO.91 

IO.44 11.gG 

n.a. 
n.a. 
n.a. 
ma. 
n.a. 
n.a. 
ma. 
n.a. 
11.0s 
II.25 
IO.GG 

II.37 
11.03 

ma. 
ma. 
11.a. 
11.a. 
Il.&. 

IO.39 
ma. 

15.19 

::$ 
7.29 
8.35 
7.SG 

n.a. 2.00 
11.a. 3.60 
ma. 4.62 

ma. 5.47 
n.a. 5.12 

g.SG 6.12 

n.a. 5.44 
11.15 5.54 
s.02 6.92 
S.49 6.63 
8.12 6.56 
9.39 G.23 
7.4G G.44 

-176 
96.7 

- 46.9 
- 1-S 

- 13.9 
38.9 
9.1 

29.1 

74-S 
GS.S 
65.4 

:::; 

Conditions: temperature 150°, Iqo’, 135’, 120°, 115~; flow rate 60 cc/min; sample size I 1~1. 

AH,, * AHV Tenzp. 
Izcall (“Cl 

LiNO, NaiVO, KiVO, RbNO, CsNO, mole 

B. Alcoliols 
Methanol 
Ethanol 
+Propanol 
Isopropanol 
wButano1 
sec.-Butanol 
Jsohutanol 
led.-Butanol 
wAmyl alcohol 
Isoamyl alcohol 
&r/.-Amy1 slcol~ol 
3-Pentanol 
2-Methyl-2-butanol 
wHexano1 
2-I-lexanol 
3-Hesanol 
4-Mcthylpentanol 
3-Methylpentanol 
2-Methylpcntanol 
2-Methyl-z-pentanol 
2-lMethyl-3-pentanol 
3-Methyl-3-pentanol 
3-Methyl-4-pentanol 
4-Methyl-z-pcntanol 
2,z-Dimethylpropanol 

II*44 S.GI 
14.52 7.99 

9.09 9.00 
14.83 7.79 

7.75 13.95 
IO.37 7.19 

S-37 IO*SI 
I 7.93 5.46 

6.34 13.09 
9.61 13.26 
9.10 7.65 

IO,74 6.53 
IO.94 1.0s 
IO.59 14.24 
II.GO 10.15 
12.10 7.04 
IO.G2 5.77 
10.83 II.14 
II.54 13.92 
15.94 14.55 
IS.05 17.51 
1G.31 7.07 
12.10 7.14 
12.23 7.14 
19.47 16.27 

14.27 ‘1s.1g 14.49 
II.75 16.56 17.54 

S.G4 11.1s 10.46 
IO.GO 15.12 13.59 

7.55 14.95 S.rg 
5.67 9.92 7.65 
5.40 9.19 9.93 

IO.GO 5.61 11.52 
9.56 11.1ci 12.Gg 
7.43 11.20 11.07 
G.Sg II.54 IS.S9 

I 1.45 10.21 11.20 
9.39 11.S5 4.16 

IO.99 IO.91 12.15 
5.97 IO.95 13.11 
9.29 10.20 12.07 
S-55 11.05 14.75 
S-44 IO.90 JO.74 
9.50 11.10 13.93 
6.96 s.71 15.94. 
9.04 9.93 15.31 
9.04 9.06 14.32 
9.28 9.25 12.55 
g. 14 9.77 11.55 

IO.93 7.81 20.21 

S.3 
9.4 
9.S 
9.5 

10.5 
10.0 
10.2 

9.7 
1o.G 
10.6 

G4 
7s 

i127 
116 

9S 
106 

S3 
131 
130 

l All -values negative; n.a. = not available. 
(continued on p. 315) 
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ALKALI METAL CHLORIDES AND NITRATES AS COLUMN PACKINGS IX GLC 315 

TABLE V (ccw(i7zued) 

Conditions: tempcraturc 150°, 140°, 135O. Izoo, rIsO: flow rate Go cc/min: sample size I 1~1. 
- 

AIf,* dIf I, Temp. 
kcnll (“C) 

LiNO, Na.iiO, KANO~ RbiVO, CsNO, mole 

C. Ofher samples 

z-Picolinc 
3-Picolinc 
4-Picolinc 
Bcnzenc 
a-Heptanone 
3-Heptanonc 
~~2-Crcsol 
p-Cresol 
o-Sylcnc 
WZ-Sylene 
Nitrobenzenc 
I-Nitropropane 
2-Nitropropanc 
Pyridinc 
wOcty1 alcohol 
Butylaniinc 
Isobutylamine 
Aniline 
Benzvlamine 
2,4-l%nethylaniline 
o-Toluidinc 
w+Toluicline 
o-Anisicline 
o-Chloroaniline 
wz-C?lloroanilinc 
wt-Chlorotolucnc 
p-Chlorotolucnc 

n.a. 
16.21 
IO.21 
1i.a. 
11.a. 
11.8. 
15.02 
14.86 
ma. 
11.a. 
14.10 
n.a. 
n.a. 
na. 
IG.21 
n.a. 
n.a. 
13.91 
14.65 
14.89 
14.45 
14.48 
14.68 
14.10 
14.00 
21.57 
21.83 

16.55 
11.01 
II.G5 
11.a. 

14-b 
II-37 
13-14 
IS-47 
IG-55 
21.4s 
13.36 
IS.86 
19.75 
13.29 
13.28 
22.95 
21.4s 
12.12 

IO.34 
13.86 
13.37 
12 *34 
13.55 
13.21 
IS.03 
17.76 
18.31 

1i.a. 23.53 n.8. 
ma. 15.5G n.a. 
16.19 14.54 11.13 
n.a. n.a. n.a. 

n.8. n.a. 11.57 
nil. n.a. IS.16 

14.70 13.43 10.51 
14.10 12.76 10.61 
n.a. n.a. 13.25 
n.8. n.a. 14.50 
12.29 13.27 II.79 
n.8. 11.8. n.8. 
n.8. n.n. na. 
n.a. n.a. 12.48 
rI.gG 13.34 n-8. 
n.8. n.a. n.a. 
11.8. 11-a. n.a. 
IS.83 14.28 11.3G 
12.13 14.11 n.a. 
13.55 13.23 n.8. 
13.69 1S.50 11.17 
14.70 12.g2 n.8. 
13.27 13.57 12.46 
12.74 IZ.SS II.54 
12.29 12.65 14.14 
I7.77 18.49 n.a. 
=7*77 15.7s 1i.a. 

11.32 202 
11.32 201.9 

5.80 I44 
5.72 I39 

10.36 210 

8.49 I I 4 

10.32 IS4 

10.65 200.2 

10.72 203.4 

1o.G5 20s 

IO.95 229 

TABLE Vi 

RETENTION \‘OLUMES OF SOME ALCOHOLS ON ALKALI SfETAL NITRATE COLUMKS 

Conditions: Temperature go”; flow rate Go cc/min; sample size 1.00 /ll. 

B.p. l/II’ 

LilXO, NaNO, ICLVO, RbNO, Cs1v0,, 

h9cthaIlol G4.7 0.S I.7 0.7 0.9 1.0 
IZthanol 75.3 o.G 2.0 o.G I.3 I .4 
lsopropanol 52.3 o.G 2.4 0.7 1.G 1.s 
lwl.-Butanol S2.5 0.6 1.S 0.7 I.7 2.0 
?I-Propanol 97.2 I.5 4.9 1.7 3.1 3.5 
sec.-Butanol 99.5 I.4 .3*4 1.6 3.3 2.8 
lsobutanol 107.9 2.2 G-3 2.4 4-i 5.1 
+Butanol 117.7 3.6 9.2 3-G G.S 5-s 

boiling point. This appears to be governed by the availability of the polar hydroxy 
group to interact with the column. 
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TABLE VII 

RBTENTION VOLUMES OF A STRAIGHT CHAIN AND h BRANCHED CHAIN ALCOHOL 

WITH SIMILAR BOILING POINTS 

Tcmpcrnturc : I zoo. 

LiNO, NaNO, KNO, RbNO, CSNO, 

w-Amy1 alcohol 138.0 2.6 8.8 3*6 5.0 4.4 
3-Methyl-cC-pent;anol 137-o I.9 3.6 2.5 4.2 3*6 

Table III lists the retention volumes of the special samples (referred to as such 
because they did not fit into the homologous series of the hydrocarbons and alcohols). 
A quick appraisal of the table indicates that boiling point generally determines the 
retention volume of the compounds. However, if we contrast the retention volumes of 
two compounds with equal boiling points on the same column at the same low temper- 
ature it appears that the polar character of a compound influences its elution. For 
example, we can contrast ?z-nonane and 2-heptanone on the rubidium nitrate and 
cesium nitrate columns at 113~ and IIS O, respectively. This data is presented in 
Table VIII, 

TABLE VIII 

RETENTION VOLUMES OF TWO COMPOUNDS WITH SQUAL BOILING POINTS 

RbNO, CSNO, 
(I13O) (IISO) 

w-Nonane 150.7 I.2 0.8 
2-Hcptanone 150.0 2.5 1.8 

Apparently there is some interaction between the column and the oxygen of the 
ketone. 

The remaining aromatic compounds can be classified with regard to derivative 
type. Let us consider three groups; benzene type derivatives, aniline type derivatives 
(which are benzene type but will be considered separately), and pyridine type com- 
pounds. 

(i) Benzslze ty$e coq!~oacn.ds. Table IX lists these compounds in order of in- 
creasing boiling point. Retention volumes are given in milliliters. Generally, higher 
boiling compounds elute after the lower boiling ones, yet other effects are seen. 
Benzene may have some interaction with the columns, but it is not displayed under 
these conditions. The xylenes are retained somewhat by the columns, but this inter- 
action appears to be similar to that of the alkanes; non-specific yet some adsorption 
below the boiling points of the compounds. If one considers the resonance forms of 
the xylenes, one notes some polarity. It is known that the methyl group is weakly acti- 
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ALKALI METAL CWLORIDES AND XITRATES AS COLUMX PMZKINGS IN GLC 317 

TABLE IX 

RETENTION VOLUMES OF S03fE SPECIAL SAMPLES (SESZSXE TYPE) ON ALKALI METAL NITRATE 

COLUMNS 

Conditions: temperature IZOO; flow rate 60 cc/min ; sample size 1.0 /II. 

B.P. I’,J’ l 

LiXO, ,XdVO, #NO, RbNO, CSNO, 

Benzene 
Iv-Xylene 
p-Xylene 
o-Sylene 
w-Chlorotolucnc 
p-Chlorotolucne 
Bcnzylamine 
w-Cresol 
p-Cresol 
Nitrobcnzenc 

80 

I38 
I39 
I44 
162 
162 

I85 
202 
202 

210 

a 
0.5 

0.5 

0.8 

I.0 

I-9 

14-7 
13-9 
16.4 

I!i-7 

a 
0.7 

0.7 

o-9 
2.0 

2.1 

7-J 

13-5 
IS.4 

14-3 

a 

9.3 
g-3 
O-5 
I.5 
1-5 
5.7 

14.4 
14.0 
13.7 

a 
I-3 
1.2 

I.4 

;:: 
10.4 
23.0 
23.4 
21.3 

a 
1.0 

I.1 

1.3 
2.6 
2.6 
f3.5 

‘19.2 
19. I 

17.7 

‘a = clutes with air. 

vating (i.e., electron releasing) yet the reactivity is only slightly greater than 
benzene to substitution. 

w-Chlorotoluene and p-chlorotoluene boil at slightly higher temperatures and 
under these conditions display only slightly greater adsorption. Both compounds have 
the slightly activating methyl group through hyperconjugation and the ring 
deactivating halogen present. Generally, one would consider the reactivities of these 
compounds to substitution below that of the xylenes. Their adsorption on these 
columns is very non-specific as Table IX shows. 

The next higher boiling compound is benzylamine. Its retention volume is 
significantly greater than the chlorotoluenes; the difference in boiling points being 
20~. The difference in boiling point between the xylenes and the chlorotoluenes was 
also 20~ without a significant increase in retention volume. This may be explained by 
considering the resonance structures for benzylamine and the possibility of an intra- 
molecular acid-base reaction. There appears to be strong adsorption when the phenyl 
group is rich with electron density. 

TABLE S 

RETENTION VOLUXIES OF SOME SPECIAL Sx\\aIPLES (AWLISE TYPE) OS ALKALI METAL NITRATE COLUMNS 

Conditions : temperature I 20~ ; flow rate 60 cc/min: sample size 1.0 prl. 

B.fi. I’,t’ 

-..- 

Aniline I84 6.9 5.4 5.6 10.2 8.3 
o-Toluidine I99 11.8 10.2 10.3 IS.5 12.7 
nt-Toluidine 293 13.8 IO.5 12.5 IS.4 15.6 
o-Chloroaniline 208 IS.7 12.9 13.0 20.4 17.6 
o-Anisidine 225 30.2 22.6 25.3 36.8 3x.7 
rwChloroanilinc 229 35. I 26.7 28.3 42.2 3.5.7 
2,,+-Din~etl~ylaniline 244 x9.3 16.5 15.7 26.4 22.2 
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Let us now consider the cresols. WZ- and +cresol boil 17 O above benzylamine ,yet 
the retention volumes in all cases are greater for both compounds. The $a~:a isomer has 
a greater retention volume than the vlzeta isomer, The cresols have twlo ~e’lec&ron 
releasing groups which result in a significantly richer electron ring and their retention 
volumes are greater. 

Nitrobenzene, boiling at 2 I 0 O, is only So above the boiling point ‘of the cresols.. 
The retention volume is equal or slightly below that of the cresols. The nit:o :gaoqp iis 
electron withdrawing and as a result we expect a decreased retention volume ~wtich $s 
found when placed in proper boiling point perspective. 

(ii) A&line ty$e coq!mmds. Table S lists the aniline type compounds.. Tihe 
retention volumes are given in milliliters. The amino group itself is a strong,group (see 
resonance structures below). 

This fact coupled with the fact that sp2 bonding to nitrogen requires coplanarity with 
the ring may account for the adsorption shown. Specifically, adsorption is egoverzred 
by the interaction of the column packing with the now electron-rich ring. 

o-Toluidine boils 15” above aniline, however, its retention volume is .at least 
500//o greater. Perhaps the best explanation is the fact that the molecule now has two 
electron releasing groups on the ring. nz-Toluidine boiling only 4” above the ‘ortho isomer 
shows a significant increase in retention volume. This may be explained by the reson- 
ance structure below. 

0 
o/ o 0 I ortho isomer 

0’ % 

J 

One finds increased electron density in four unsubstituted ring positions. Chem.ica!l 
substitution in an aromatic ring system of this type predominates ortho -and$aza to the 
strongest electron releasing center (i.e., to the amino group). In this structure kwo 
areas of high electron density and two of lesser electron density are found. The n~eta 
substituted product has three areas of extremely high density and one ‘of low 8electr:on 
density. In the nzeta product, the two releasing groups supplement ,each (other fo 
produce areas of great density. This explains the increased adsorption ,of the anefn 
product. 

o-Chloroaniline boils 5 O above nz-toluidine, so one would expect .a [decreased 
adsorption. This is found to be true when we contrast the increase from o- to nz-~M- 
dine on KN03, RbN03, and CsNO, columns with the increase found from 77z-toluitie 
to o-chloroaniline. The differences in going from o- to nz-toluidine are (retention volume 
in ml) 2, 3, and 3, respectively. The differences from un-toluidine to ,o-ch!loroanii&ine 
(retention volume in ml) are 1,2, and 2, respectively. The boiling point difference kn 
both cases is 5”. 

o-Anisidine, the next higher boiling compound, shows a greatly increased 
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rnetkmiltiko~ n~~&uunmez... a”lhlh’s; nm~y 0e acco~~~tiedl E’or 0;~ the, fact that both groups are electron 
rnell~s~g annd nr&tutowan ((anme lhr~e: paiir 06 elec:hl;ons): and oxygen (two lone pairs of 
Cencecttmcmm~)) ZUIIQZ gnne!sesnti.. lltt iis; kUi&%ic& to1 sikn~gliy ha& of adsorption because the column is 
IIm@ 0xeJlcofiv U0ne 0~04lliiqg Ipoiirnlt end l!llre corqporurrdl.. One, encounters a similar situation wit11 
n~~c~(o~o~~,.~rm~;tt~~~a0~~~~o;1iliu~o~~ is z~,+!imethylaniline. Its retention 
W&uamle iis s~6zurM.U~ kllom ttlhat ob’ ol-anisidiine~. This may be caused by steric 
lbiilUN&mc 

((6%)) P~~tiZ%nz~ @jk ~wuu#~~wuw~$+.. TaM!e XI l&k5 the pyridines in order of elution. 
XYllnte mettcepnttiicomn vxcdhmmces sure gjkepn iinu mdl, The nnehlhyll group, found in the three picolines 
iis ~ell~ctbrto~~~~ m&~iiuqg.. lltts; e#Keclk ik nnost. Ipao;nouncedJ when it is located in the +position. 
llJlnik crrco,unlluU k u.llur~ez ttco) ttlh~ce elkc-krroirm dkmsiity oif the nitrogen atom; it appears that it 
rnqpm=es ttlhlce! lln~-p~~~~mnjjuugzutio~ &%ecti od’ tie methyl! group:. We can trace a trend that 
Ika&s C~~~&FIIDUXZ tico) i&i& &ll’e~~, Aullsorlr~prttiion~ i&creases? from tlie two position to the three 
lpKs?siti~OXlll allmdl ik llmlcoMt ~lrrWmommmceun ikll ttltlle kNlmlr posiihion.. 

A _ A lhawami 
2l%e lke&t (o4T zudl~orqptiu~r flom alIll alllkanes; & less than the heat of adsorption for the 

~a&ooAl~~ok off ttllue szutmnc czurr0om nnunmn10er,, flk exammp,l’e~diHa for gz-hexane on the Li, Na, I<, 
lFXlk+, ;aumpCa C!A ~AI~R~oviiull~ UXO%~~MJW,, mqpccttiivelly is --6qv -12 .x0, -8.42, -S,22, and 
-IMD..~~;; W~~WFUBX~ ~&!~ex~o~ll c0m1 tic ~mn~e co~llumnns. under identical conditions is -7.9s) 
-Elr..t%@,, --ns..coq,, -_9..+$ aurnd --nn..w.. Cl!ose examination of these data indicates that 

.dH~ ik llaa~~~ %o),rr &luex~e R)~I zullll co0mrmmrs except NaCE.. Examination of all the A Hn 
xznIlnnces; ltionr tie ii3Uamcs s~&~ullsh~~iaas Mh~a~ft. ltlhe heat of adsorption is the greatest on the 
Nz&ll coo&uummr~.. somn~ tipnak,, iin~ co~ukr od‘ decreasing, heats of adsorption, are found in 
~iiLllDlke XIIH, 

Tl%~e*e clkutku&~~vs- Ul~r;utt ixikcn adhmmn~nus; lhawe~ the greatest affinity for all compounds 
zumdl a% 4Jlnce cclluaiim lbrrnum&tiiqg iirncmeaseq. Cs@U co~liurrms display less adsorption for the 
urm~t&t9rcranlj~e~ z,z-~~~ll0unit~rne aqplpsarrs Ito) viio~lkute this. latter point, but reference to the 
a(YhuMln wia&ull% ((llQ!Jl-2!“7~ lkczull~ImlJo~~e ziumldl CsCll -347 kcal/mole) indicates that only a 
_~;alIlll dliitienean~ cexiisiis henncvz,, iilhk ““l!rrenulY appears: to1 be. real. 



HEATS OF hDSORPTION (DECREASING) OF ALI<AN,ES aON ‘A’?KA!.Ul 3Zl3UX!L tQElrLl_ KWXLWXW% 

n-Hcsanc NaCl > CsCl > XC1 > iRbO1 > LLjiCil 
z-Methylpentanc NaCl > RbCl > KC1 > CsOl > 03Cll 
3-Metl~ylpentane NaCl > KC1 > RbCl > LiGl > cGgO1 
2,3-Dimethylbutane N&l > KC1 > RbCI > &iOl > (C&l 
a,z-Dimethylbutane NaCl > IXbCl > LiCl > CsOl > IXJGI 

The alcohols present a rather interesting array (of &B&. ‘lllh~ ;zune l&Ml ti cQlmdLcs 
of decreasing heats of adsorption and are found iin~ll%Jble XlIlIlL. 

Considering first the butanols, the st,raight chaiin iisomer tdlrrnties tlkomm ttlkre nilarrii~ 
columns in the following order: LiCl, RbCl, Nail, GKJl., IKvZI.. ‘Illhe molkaoulke lbeome~ 
more compact, as with sac.-butanol, the NaCl column &i@ays lleastt &kq$kii~,, tribe 
order being NaCl, LiCl, RbCl, CsCl, KCl.; as we &n.nt!har condkm~e tie mw&ade, 
e.g. tert.-butanol and isobutanol, we observe ileast megatke adls~xqptibm mm XkKlL. II&&r 

closely to the structure of these two compounds in questiion. 

CI-I, 
I 

CI-I,--- C-Cl-1 .J 
I 

01-I 

Lcvl.-Butanol 

CH.J 6ml 

I I 
c13@---c-c-4-x 

I I 
EI E-3 

Isdbutsnol 

In both cases a methyl group is present con &ither ithe -same ~carr%om ;tim tbo &lnkdln tie 
hydroxy group is bonded or in the ~-position. 

We can now consider the CG alcohols. The stra&jhit: &kin i+mer term &Ill codlnnmmm~s 
displays strongly negative heats of adsorption:; an iinrlieres&i&g mrotie iis M&t ii%cjramm_ti 
alcohol follows this trend and we find a methyl :groqp llocartiedl iirn t&e z+@.ittii~. RR/“llncrm 
we consider 3-methyl-a-butanol we discover .a sign$Sicanrtlly Iless mqgattike .&!& cccu 
NaCl columns; the same is true for 3-pentanol. iId we Qook zut tie &mudtnnmes (off ttlbrcue 
molecules, we can see a striking similarity to the buitandl i&ztinars,, &z.,, &m ~4nMtlln~@l-Z+ 
butanol we find both an a-methyl group and :a aneth$l :groqp z&ta&adl tta, tie oamnwe 
carbon atom to which the OH group is :bonded. In ,3-penkand3 ame Ilnave tiwo a~~~&tl.h$l 
groups. 

CI-I, 01-I 21 !I3 [I-x 

I -1 
c1+--C--C-CI-1, 

I I 

I I I 
I-I-C-- c-crt7 

I I I 
$1 i-1 

g-Methyl-z-butanol 

I I 
~&i, 0HCH .3 

3-Pentandl 

The data accumulated for the alcohols indicates -eJy @lny&aIl iadk@tSm 5s 
not simply the answer, It appears that some reaction cooours ;&ftte_r aulle~olrm :a& 
before desorption. One possible explanation is it&& :sofiliLe Kyle coti &mtianrrrmdkeo&ur 
hydrogen bonding occurs after adsorption &hi& (decreases tie s!ttrrzm@tQn (off tie Tlnawrdl 
between the metal halide and the oxygen of the thydroq gronnlp,, IlnemLor;, Ikess; (an~+zzlgy 
would be required in the desorptive process. Anot!her ~ex&untiom co&Ml lbe ttllme Finn- 

J. CJtvomatog.. 30 (1967) 305-324 



AiJLIFtuILll &‘LEYEW.. CEEILORBDES AND’ N.ITRATES AS COLUMN PACKINGS IN GLC 321 

‘D‘maE; 2tJlIln 

ISCENTS; OIf~,\VDSQRP’LXON: OIr PEIE c,,,. c, AND c, ALCOHOLS ON ALKALI METAL CHLORIDE COLUMNS 

KC1 
-12.99 

KC1 
-15.39 

CSCI 
b 

CsCl 
-12.96 

NaCl 
-13.21 

NaCl 
-1q.50 

CSCI 
b 

LiCl 
-17.71 

CsCl 
-13.23 

KC1 
-12.04 

KC1 
-II._y5 

LiCl 
-23.63 

NaCl 
-11.53 

LiCl 
-15.03 

KC1 
-12.54 

KC1 
-12.54 

RbCl 
-18.19 

NaCl 
-12.00 

NaCl 
-13.21 

KCI’ 
-11.32 

: 

CsCl 
--ro,SS 

CsCl 
-13.92 

RbCl 

-15.45 

IiCl 
-11.86 

IiCl 
-12.21 

IiCl 
-12.21 

IiCl 
-1s. 19 

KC1 
-14.79 

ICC1 
-12.85 

NaCl 
-1X.80 

NaCl 
-xo.gs 

NaCl 
-14.44 

CsCl 
- 9.92 

ICC1 
-1 I .29 

NaCl 
-12.07 

RbCl 
- 9.6‘1 

CsCl 
-10.22 

KC1 
-1 I .30 

IiCl 
-1 I #63 

NaCl 
-10.44. 

NaCl 
- 9.88 

RbCl 

- 9.49 

ICC1 
-14.59 

RbCl 
- 8.44 

RbCl 
-11.34 

CsCl 
- 9.12 

RbCl 
-11.74 

CsCl 
-12.gG 

NaCl 
-1o.go 

CSCI 
-11.52 

CsCl 

- 9.74 

KC1 
-11.56 

RbCl 
- 9.87 

NaCl 
-1o.gs 

CsCl 
-10.81 

CsCl 
- 9.54 

KC1 

- 9.37 

CsCl 
-10.22 

RbCl 
-10.63 

RbCl 

- 9.74 

RbCl 
- 9.30 

LiCl 
- 7.02 

LiCl 
- 9.54 

LiCl 

- 5.57 

C&l 
-10.97 

RbCl 
- 8.21 

LiCl 
-10.37 

RbCl 
- 9.92 

RbCl 

- 9.54 

RbCl 

- 9.45 

RbCl 
- 9.16 

CSCI 
-10.17 

LiCl 
- 9.43 

CSCI 

- 9.73 

RbCl 
- Eh.36 

LiCl 
- 5.78 

LiCl 
- 7.61 

RbCl 
- 8.61 

CsCl 

- 9.93 

CsCl 
- 9.69 

LiCl 
- 5.43 

NaCl 

- G-54 

NaCl 
a 

NaC1 
a 

LiCl 

- G.47 

LiCl 
- G.71 

NaCl 
a 

NaCl 
a 

LiCl 
- 9.46 

LiCl 
- 7.95 

LiCl 
- 7.4s 

RbCl 
- S.GI 

KC1 
- 9.23 

RbCl 
- 8.61 

LiCl 
- 6.90 

NaCl 
- 0.63 

NaCl 
- 1.23 

LiCl 

- 7.45 

LiCl 
- G.71 

LiCl 
+ 2.07 

* a~ = no) regco,duciBlb~ d’ata; b 4 eluted with air at two temperatures of investigation. 

J. ChYO~~tatO~., 30 (IgG7) 305-324 
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ALKALI METAL CHLORIDES AND NITRATES AS COLUMN PACKINGS IN GLC 323 

HEATS 0F ADSORPTION 0F s0~13 sr33cIAL shMPLEs ON nLxwLI METAL CHLORIDE COLUMNS 

n.p. -AN, 
- 

LiCl 
Aniline 154 -16.16 

LiCl 
o-Chloroanilinc 208.S -16.74 

LiCl 
o-Anisiclinc 22.5 -16.23 

LiCl 
o-Toluiclinc 199.8 -17.32 

CsCl 

2,4-Dimcthylanilinc ZIG -15.44 
RbCl 

wz-Cl~loroanilinc 230 -14.31 

NaCl 
n+Cl~lorotolucnc 1G2 -15.65 

CsCl 
-14.19 

RbCl 
-13.01 

RbCl 

-14.74 
CsCl 
-I5.27 

NnCl 
-15.41 

LiCl 
-13.05 

LiCl 
-15.45 

RbCl 
-13.16 

KC1 
-12.99 

KC1 
-14.16 

NaCl 
-14.20 

UC1 

-14.43 

KC1 
-13.04 

CsCl 
-14.GG 

NaCl 
-13.09 

CsCl 
-12.60 

NaCl 
-13.29 

KC1 
-13.55 

KC1 
-14.07 

NaCl 
-12.81 

KC1 

-13.53 

KC1 
-12.13 

NaCl 
-1 I.97 

CsCl 
-12.94 

RbCl 
-13.94 

RbCl 
-14.03 

CsCl 
-12.32 

RbCl 
-13.23 

dimethylaniline. Looking at the molecule itself we have an ortlzo and para electron 
releasing group to the amino group. We expect an enhanced effect of these electrons 
and consequently greater adsorption than with any compound thus far considered. 
This occurs because the z system is just as sensitive to substituents as the amino 
group. 

These data. suggest that the interaction between the column packing and the 
molecule is not simply interaction between the nitrogen’s electrons. Rather it could be 
the sum of two effects; first, interaction with the electrons of the nitrogen and second, 
interaction between the electrons of the aromatic molecule and the cation. If chemi- 
sorption is involved, the “complex” formed would probably be very specific and not 
involve two types of bonding. If we look closely at the values of z,+dimethylaniline on 
all columns (Table IV) they are of the same order of magnitude indicating very non- 
specific adsorption. 

We are now in a position to discuss o- and g?z-toluidine. Both groups present on 
the ring are electron releasing, i.e., they donate electrons to the ring. We expect, and 
find that the greatest enhancement is with the o&o substituents. This indicates that a 
very strong complex is formed.This increased adsorption is expected to decrease if we 
place the substituents in the nzeta position to one another. We find in this case stronger 
activating groups would increase significantly the electron density at the ortlzo and 
?am positions, Weaker activating groups would increase electron density to a lesser 
extent at these positions. 

SUMMARY 

X&?ention volume 

(I) Alkali nitrate columns retard elution greater than alkali chloride columns. 
(2) Retention volume generally follows boiling point. If two compounds have the 

same boiling point, the more polar compound has the greater retention volume. 

J. Cltuowcalog., 30 (IgG7) 305-324 




