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VI. SEPA&I.~ON PROPERTIES OF AL KALDIE-EARTH METAL D&n- 
HExYLPr%OsPHnzATEs 

SUMMARY 

The separation properties of alkaline-earth metal d&z-hexylphosphinates in 
relation to hydrocarbons have been described. The possibilities ci spec& interactions 
of unsaturated hydrocarbons with alkaline-earth metals are noted. A number of 
chromatographic separations OQ magnesium di-n-hexylphospbinate are reported. 

INTRODUClIlON 

Alkalineearth metal compounds have rarely been used as stationary phases or 
adsorbents in gas chromatography (GC). BaCl, (refs. 1,2) and BaSOI (ref. 3) have 
been studied more extensivety ; the application of halides of Sr and Ba as adsorbents 
has also undergone careful investigations+. C&l, and other metal chlorides have been 
used for silica gel modifications, while a mixture of CaF: and CsF was employed for 
separatioa of flEorine compotmds6. Zeolites of Mg, Ca, Sr and Ba’ has also been. 

It seemed more interesting to &d out the chromatographic properties of 
alkaline-ear& meti di-n-hexylphosphinates @HP) because DHP-Mg has already 
been shown to exhiiit good separation prcpertie& g_ Thus, DHP-Ca, DHP-Sr and 
DHP-Ba have been synthesized, applied as adsorbents in GC and their separation 
properties compared for 22 G hydrocarbons. 

DHI-Mg was !q@kskd as described previously’% DHP-Ca was obtained 
ai2aIogousiy. 

DHP-Sr. A S-g amount of di-n-hexylphosphinic acidlo was dissolved i‘n 50 ml 
of methanol and neutralkd with a stoichiometric amount of L N KON. Water was 
added to give a total volume of 100 ml, and then IO0 ml of chloroform. To this mix- 
ture, an aqueous so&on of S&& (2-m g SrQ- 6H,Q in 50 ml of water) was added 



dropvtii and the soWion mixed contimzousIy with a magnetic sWer..The final 
soWion was stirred for 24 b. The chloroform layer was separated, and the water layer 
was w&shed twice witi 25 mI of clriorofonn. X-lie comb&cd &fWofonn +yers were 
evaporated and a white precipitate ofDEEH%- E&Z E&0 %as obtained~ T&e compound 
was dehydrated by drying for 48 h in a vacuum above mo&&ar sieves 4A and 5A. 

~HF-BZ. A 5 g amoimt ofdi?&exy~pbosp~c a&d was dGE&ved in 40 ml 
of methanol and neutraked with the stoichiometric amount of L NKCEL A gek&wu.s 
precipitate of DHP-Ba was obtairred when BaQ (26U9 gin 50 mt ofwttcxj was added 
to the solution. A 50-d volume of water was added and the solution then evaporated 
to ca. 50 ml in volume. This pnxedme was nqeated twice. Then, the precipitate was 
filtered off, rinsed well and dried, f&t at loo” and thezx above molecular sieves 4A and 
5A in a vacuum for 48 h. 

The phosphinates were idenfXed by means of IR speCga and elementai analysis. 
The anaIyse5 results and some properties of the phospbinates are presented in Table I. 

PO& C DMCS was coated with phospbinates so tbat ea.& mrface conce&ra- 
tion w& lo-* mole of phqhinate per gram of adsorbent. Therefore 5% DEEP-Mg, 
5.16% DHP-Ca, 5.64% DHP-Sr and 6.15% DEW-Ba were precipitated on the 
support. These packings were conditioned at 150” in a stream of Ar for 15 h. Stainless- 
steel columns (I m x 4 mm) wei-e used. Some separations were carried out with the 
help of a steel micropacked column (15 m x 0.8 mm). The particle size of each 
packings was 0.10-0.12 mill. 

TABLE I 

ELEMENTAL ANALYSIS AND SOME PROPERTiES OF ALKALINE- EARTH h%ErAL 
DI-n-HEXnPHOSPHINATES 

Piwspliiry_are AmlIjTlk (74) l Mp. (“Cl D.ecu~s:i~n temp. colarrr 

C Er- M 
<“Cl 

Dm-&f& $!! - IO.68 - 426 whitt 

- 56:89 

10.64 4.62 
loo 300 

DHR--cs - 10.35 - 7.89 
56.68 1029 7.62 

107-108 330 White 

DEfR-Sr - 52.01 - 9.45 - 15.80 
52.00 9.33 15.53 

lcs-la9 330 white 

DH.P-Ba 47.74 - 8.51 - 23.07 
47.52 8.24 23.14 

109-110 330 wilite 

l CzdcuIa& followed by fad values. 

timposition temperatures of phosphinates were obtained with the aid of a 
Paulik, Pauiilc, Erdey Derivatcgraph (MOM, Budapest, Hungary). A B%ti= 
microscopic table wzis.used to determine the melting points. 

RESULTS AND DISCUSSION 

Retention times ad volumes were measured for 22 C6 hydrocarbons on all of 

the pack+ at four temperatures railging fiOXD '70 to 90". me K raises foF tbE cI&mms 
of aIMin& metal di-n-hexelphosphinates are coGWed in Table II. 
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1.48 1.32 1.34 1.35 
6.03 5.56 5.82 5.43 

12.19 11.41 1x5 11.09 

1-Hcxene 
1-Hexyne 

ck-2-Hexene 
trmrs-2-Hexene 
&-3-Hexaxe 
ZWJZd-Hexene 

2.94 2.72 2.79 2.73 
233 2.58 2.73 2.65 
4.25 3.44 3.9% 3.71 
2% 2.45 2.64 2.55 
5.89 4.43 S.cla 4.83 
3.50 2.9s 3.22 3.0s 
3.31 2.82 3.01 2.31 
3.23 2.80 3.02 2.31 
3.20 2.78 2.97 287 

CydOhckane 
CyclOhexem 
IJ-CyCIOhexadiene 
1,4-Cyclohcx.adiene 

4.53 3.51 4.02 3.92 
5.66 4.02 4.84 4.63 
6.00 4.03 4.32 4.68 
7.35 5.10 6.37 6.01 
6.64 4.21 5.65 4.37 

fhfethylpedane 2.70 2.46 2-5s 2.48 
3-MZ?hy!pentene-I 2.37 2.1s 226 2.19 
&-3-Mcfhylpentene-2 3.33 2.83 3.18 3.04 
rrat7.s-3-Me&yIpent 3.61 3.07 3.35 3.23 

Methykydopentane 3.56 2.91 3.20 3.14 
2-Methyipcntene-1 2.89 2.57 2.77 267 
4-Me.ti1ylpsten+l 2.34 2.17 2.26 2.20 
frczr~s4Methylpenteue-2 2.58 2.33 2.45 2.38 

DHP-Mg DKP-GZ DHP-Sr DHP-& 

The highest k’ va.hxes and the biggest differences between individual compolrnds 
have been observed for the cobuxm containing DHP-Mg. This coiumn, then, can be 
expected to show the best separation properties. HP is interesting ‘to compare phos- 
phinate separation properties for cis and rrans isomers (Table III). 

TABLE HI 

COMPARISON OF THE SEPARATION PROPERTIES OF PHOSPHKNA-ES AND SOME 
LIQUID 5XATIONARY PHASES XN REJLATiON TO cti AND rrmzs ISOMERS 

V&es are of Q = &/~~JLs. ODPN = fl. @‘+xydipropiotitie (25-m co!umn); DMS = dimethyl- 
SuIphobe (U-m column); TCP = triacsylphospbte (2.5-m cohmn); SQ = squaiasxe (-ft. 
COlUmn). 

conlpovnd DEfP-A& DE?P-Gz DHP-Sr DHP-Ba ODPN’ DMS’ ICP’ SQ’ 
70” 70” 70” 70” 27” 27” 27” 49’ 

2-Haenc 1.060 1.047 1.070 Lo61 1.22 1.13 1.11 I.07 
3-Hacne 1.009 1.008 1.017 1.014 1.16 1 .OS 0.9s 1.00 
3-Me&yIpease-2 0.939 0.943 0.950 0.942 0.94 0.90 0.89 0.90 



Of the cohrmns studied here. DHPSr wve tke best sepamtion of CP and frmrs 
isomers of~hydnxxrbons, bnt brmxched hydrocarbon,wenzbestse~~ormDIB?- 
Mg. It is worthy of note tkat tnzzr&-me&ylpeoten& ;S e&ted latex *-the coIFc_ 
spending cis-isomer %egardless of the’ lower boilirng point of tke ?r~form. The 
retention index of _&e cis isoner on squ&.ne is also lower than that of ~uzs-iso&e~f~‘2. 
A similar case has beeo previously de&&e&=, and tr&&44xxetkylpent skews a 
kigker stability co-t with PdCI, than the axsesporrding c&saner. Phosphinate 
pkases show little of tke selectivity of liquid phases; it must be remembered, however, 
that the pkospkioate data were obtained at a kigker temperature. 

Hively’* suggests that tke terms c& and trots in relation to such compounds as 
3-methylpentene-2,3-methy&exe+3 and 3-methylkexene-2 should be reversed, so that 
tke rnuGsomer becomes tke compound of higher boiling temperature, as v_@Jied by 
Cornfortk et &.ls. From tke point of view of possible spe&c interactions between a 
metal and a mukipk bond, it seems that a form with a lower b&ring point 

-3 c& 2s = 67.63” (ref. 16) 

‘C/ 

M-+ 11 &3 = 68-69” (ti. 15) 
H-C-CH, 

might cause stronger intexxtions than a form having a bigher boiling point 

c;Hs as tB = 70.45” (ref. 16) 

‘C/ 
M+ I! tB = 7&-n” (ref. 15) 

H-C-CH~ 

due to obvious, smaller steric kindrancxz (CF& c C,H,). Such an interpretation also 
explains the peversed order of elution of IX% and IraFs-S-methy&x&ene-2 on phos- 
pkinates. 

Table IV presents spec& ‘*V, and relative (r) retention volumes of hydro- 
carbons cor5%pomiiog to lo-’ mole of pkosph&ate, e.g. to CQ. I g of adsorbent. The 
lr V, ~ahes are simikr for aI1 of tke pkospkinates. The relative retention volumes have 
been considered for tkree groups of sorbztes : 

n-Hydrocarbons. The highest values may be observed on DHP-Sr and DHP- 
Mg. Tkey are very approximate. Lower values were found on DEW-Ba and tke lowest 
on DIE?-&.. 

Cyclic hydrocarbons. The highest values uld the best separation properBies 
were observed on DHP-Mg, tken DHP-Sr and DHP-I% rcspe&ivefy and the lowest 
on DHP-Ca. 

3-MethyIpentane derivatives. ?%e results were simibr to those for -EC 
hydrocarbons. 

It may be concluded that tke best separation proptrties cm relation to n-hydro- 
carbons) are expected on tke c&mm containing DHP-Mg. Rehtive retention volumes 
of unsaturated kydrocarboos show that usually these compouo& are more strongly 



SPEClFiC AND RELATIVE REENITON VOlLXJMES OF G HYDROCARBONS 
~__ .- 

cafvf=t l t v* tdid I- 

DHP-Mg Dl=iFX=a DHP-Sr DEE’-Ba DHP-Mg DHP-ca DEIP-Sr Dwp-Ba 
---_ 
Pentane 2403 
Jw== 9.813 

19.847 
ffcxane 4.87 
1 -E&XeEC 4-765 
1-HCXpZ 6.927 
l,S-Hexadiene 4.627 
2,4-Kexadien 9.588 
&-2-H- 5704 
tmzs-2-Hexene 5383 
c&k-3-lxexene 5253 
rrum-3-Hexene 5.206 

CycIohexem 7.374 
Cyckhesne 9.218 
laCydo- 9.771 

hcxadicae 
IA-Cwa- 1t950 

hexadiene 
10.814 

3-McihyIpmar~ 4.389 
3-Metiyt 3.860 

pent.==-1 
crk-3-M&$- 5.524 

pentcnc-2 
tram-3-Methyl- 5.SS4 

pen-2 

M&+y&- 5.792 
pentane 

2-M&yi- 4.708 
pentcnc-1 

4-M&@- 3.84I6 
pe!mE-t 

tram4MetiyE 4203 
mteee-2 

2.648 2289 2-623 
11.130 9.952 10.669 
22x40 fo.955 21.538 
5.437 4.765 5303 
5.163 4.674 5.152 
6.882 6.815 7.2aS 
4.911 4.514 4.955 
8.873 8.694 9.376 
5902 5.506 5.957 
5.637 5.145 5.647 
5.599 5171 5.655 
5.556 5.0&s 5.576 

?.32S 6.876 7.613 
S.040 8.277 8.998 
8.063 8.412 9.0s 

1.mo la00 moo 1-W 
0.97s 0.950 0.9Sl O-972- 
1.422 1266 l-430 1.359 
0950 0.903 0.947 0.934 
1.963 1.632 I.825 1.768 
l-171 I.086 1.156 1.130 
1.105 1.037 1aSo 1.065 
1.078 1.030 lB85 l-066 
1 a69 1.022 1 a67 1.051 

l.ooO 1.000 l_ooo laQO 
1.2s 1.144 1.204 1.182 
I.325 1.147 1223 1.193 

10.213 10.904 11.676 1.756 1.453 I.586 

8.428 9.656 9.665 1.466 1.199 lA-04 

4.916 4.361 4.822 1.000 l.OQO I.000 
4.309 3.859 4.257 0.879 0.876 0.885 

5.793 5.446 5.907 1258 1.178 1_249 

6.141 5.732 6.272 1.341 1.249 1.314 

5.828 5.480 6.101 

5.148 4.743 5.187 

4.335 3.864 4.277 

4.66s 4.194 4.625 

1.534 

1.269 

1.000 
0.883 

1.225 

z 301 

retained than the respective &a.nes_ Hydrocarbons possessing higher unsaturation, 
e.g., I-hezyne and dienes, usually have higher relative retention volumes than their 
respective afkmes. At the same time, I-hcxene and 1,shcxadienc have relative (with 
respect to hexane) retention volumes lower than 1. 

This does not mean that thcsc compounds do rrot have specific interaction 
with phosphinates. The specific interactions of alkaline-earth metal ions with hydro- 
carbons witi be discussed elsewhere. 

Appkhm of DHP-Mg to ckramzztogrczpitic sepuratians 
Since the retention data show that DEiP-Mg pactings exhibit the best sepaia- 

tion properties, have applied this phase to the separation of model mixtures- Two 
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c 

IL 1 

f 

3 E i & 

Fs 3. sJq%mtian Of c&zp3_ Peaks: f=pentane; Z=hexane; 3=heptane; 4=octane; 5= 
nonaae; 6 = decane. Column as in Fig. 1; TI = X29*; F. = 26.6 ml/min. 

Fg. A separation of l-cblaroaikanes. Peaks: 1 = lc~oropentane; 2 = kblorohexane; 3 = l- 
chlo~tane; 4 = kzIYlorooctac; 5 = I~omnonace; 6 = I-&!orod-. cd-r 1sm x 

0.S mm LD., packed titb 5% DEW-Mg on Parasil C DMCS; Tk = 137”; F. = 4.5 ml/min. 

Fw 5. Separation of a&by&s. Peaks: i = propanal; 2=butanai;3=pentan&4=hexaml; 
S=bepGmal;6= odanal_ G&mn as in Fe. 4; T, = 1312”; Fe = 4.3 ml/min. 

F=m 6. Separatim of esters of acrylic and me&acrylic acids. Per&s: 1 = methyl aci-ykite; 2 = methyl 
ir?ethacrylatt; 3 = ethyl methamyIate; 4 = kobutyl acrylate; 5 = set_-butyl methacrylate; 6 = 
k&u@1 met.baay!ate; 7 = ebutyl methacrykte. C&unn ss in Fig_ 4; Tk = 124.2O; F. = 5.5 rd~min. 

Other interesting exampies of the application of DAP-Mg are the separations 
of haiogen derivatives of ethane and analysis of cichiorobenzene isomers, which 
requires only ca 12 min, while ii3 the case of a 18-m micropacked column containing 
liquid crystals such an analysis ties ca_ 16 z&P, with other phases much 1ongeP. 
Only a n&&me of silicone oil SP-1200 and Bentone 34 enables a f~ter separation of 
Ehese isomerPa 

F&y, Figs. 9 and 10 show f&e separation of aromatic hydrocarbons. 



2 

* 
+;2.f&bff+rS8?6 6 6 + 3 2 4 0 

. 
P66+ 3- 2 i 0 
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