
TKE NEAREST NEIGHBOUR TECHNQUE AS A MEANS OF INDICATING 
STATI0NAEt.Y PH_4SE SELECTIVITY 

A nearest neighbour technique has been developed to indicate the seiectivity 
of stationary phases towards various bomoIogo~~s series of difYerent functional dasses. 
The technique aIso readily aIiows the effect of phase subs&&on to be considered. 

Leary ef aL’ proposed a scheme which they have described as a “nearest 
neighboar technique“ for reducing the necessity for a large number of stationary 
phases. Using the d1 values for the I&Reynolds test solutes’ determined on 226 
stdonary phases z cfassifkation to determine groups and similarities of phases was 
established. A series of twelve generally accept_abIe phases was se&ted covering the 
range of polarities as shown by their nearest neighbonr distances from squafane whiIe 
the distances of the other phases from the nearest appropriate preferred phases were 
czkulated. The authors suggested a simikrity of performance of XE-60 and OV-225 
mathenaticaIIy from McReynofds data and discussed literature data: for a series of 
glycoE ethers and their acetyl derivatives where retention index variations of less than 
5 % and generally less than 2% were observed wittr the two phases. 

The nearest neighbour technique was chosen by Leary et al.l for its ability to 
point out true similarity in high dimensional data. In this technique, the data are 
represented as n-dimensional pattern vectors. Patterns that exist close together in the 
n-dimensionaf space are considered to be simifar, with &e degree of similarity deter- 
mined by the Euclidian distance between patterns. When comparing phases, the 
distance is an effective guide as to whether one particular phase tan be repIaced by 
another. 

The distance (0) between phases A and B is calculated by 
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where i represents the compound ruu on both phase s. The resuft of this calculation 
is that for each Iiquid phase, the most similar liquid phase has the smallest vaP~e of 
D, and the least similar, the largest. 

The tatcuIations of Leary ef aEeL were pe_rformed using both the ten A1 values 
provided by McReynoIds, and those five dimensions used in McRzyynolds’ summation. 
Yery similar results for both five and ten dimensiorLs were obtained indicating that 
most of the significant: polarity information is contained in the first five dimensions. 
The first five standard compounds were considered to be suffcient for the characteriza- 
tion of most Iiquid phases, and the tabulated results of Leary ef c~1.l were calculated 
using the first five dimensions. This assumption woaId appear to be reasonable as 
recent works have suggested that three predominant types of solute-solvent interac- 
tions occu15, that only four functional probes’ are necessary to characterise liquid 
phases while Lowry et aL6 have considered se= of two and three of the _&&Reynolds 
probes. 

While the interest in the nearest neighbout technique to date has been restricted 
to the selection of groups and the determination of the similarity of stationary phases 
it is apparent that the procedure might be of value in determining the sefectivity of 
stationary phases towards a panicular functionai group. The present w.ork considers 
the retention behaviour of a variety of types of carbonyl compounds on a range of 
stationary phases of varying pofar character. By determining the nearest neighbour 
distances on a series of phases for particular homologous compounds, the distances 
or differences from dimethyf polysi!oxane as the few polarity ba= were obtained and 
simple comparison allows setectivity to to be observed more readily than from a 

consideration of McReynolds constants where frequently ark increase in OEI~ of the 
values is accompanied by increases in the other terms. In these circumstances it is 
difficult to determine if specific selectivity exists OF the separation is due to the 
generally increased phase poIarity. 

The calculations were conducted usin g the Fortran programme described’ 
with a Cyber 72 computer or rewritten in Basic with a PDF I1@ computer_ The data 
used in the ca!cufations were extracted from earlier reports from this laboratory and 
for the saturated esters’, unsattirated ester?, pivalate este&, ketoneP and pyruvate 
estersLa were obtained under the same conditions and were interchangeable. The data 
for the glycol esters and their acetate derivatives3 were obtained at the same tempera- 
ture and would be expected to be similar for comparison. AI1 of the data were ob- 
tained on pofysiloxaae phases and while the same phases or aumber of phases were 
not rrsed with all of the series, a significant number of ccmmon phases were present. 

The newest neighbour distances, the rankicing of the phases for the various 
groups of compounds and the numbers of each type considered are shown in Tab!e l. 

The nearest neighbour distances for the phases from SE-30 are also shown in 
Table I calculated from the five constants of the McReynoIds stunmation. The se- 
queoce of the distances and the general pofarity is of course the same as these are 



simply different representations of the same da+& The distances for the phases from 
SE-30 were 21~0 czlcnfated from f&e first three constants and wkife in each case a 
sll&tiy lower value was obtained the squez~ce was not altered and it is thus iikely 
2s hss beea su~estedzd that retatively few data are reqrtired to ck2r2cterise phases. 

The distances for #eases from SE-30 for the saturated esters would indicate 
thztt OV-7 and DC-530 are equivalent 2lthorrgk tke sneraf polarity of the iatter 
m:rte&l is very si&Gaotiy kigker. Tae phenyI and amino groups of the two phases 
botk exhibit some electron donor ckaracter and it is evident that the potarisability of 
the ester group 2nd tke acceptor ckaracter induced Is row and elution OEE DC-530 
is enhanced by simple repulsiorz. The phase F-400 with weaker acceptor character 
and of iower genera: polarity than phenyl methyl polysiloxzne show equivalent dis- 

tznces from SE-30. Acceptor-acceptor interaction retards dution while donor- 
acceptor interaction wit& the phenyf groups enhances elution. The same phenomena 
arz 2gain e-xhibited with F-5&I 2nd OV-25 which may be considered 2s higher homologs 
of F-400 2nd DC-7 10. The substantiai acceptors shcw progessively Fe2ter differences 
from SE-30 2s the poiar clt2rtracter is hcreased. 

The eMion beh2viour on the phases of the unsaturated esters paraffeis that of 
the s2turated homology, the actuaf differeoces ‘being quite similar except, 2s might be 
expected, with the more polar a~meptor phases where ‘&e unsaturation of the com- 
pouilds is more signific2r1t anti the difierence distances are slightly increased. 

The pivalate esters having the ~~bonyf group adjacent to 2 tefiary butyl 
qo=p tend to show pk2ssr distznce di%rences comparable to tke simpler satrrrated 
esters? Le. OV-7 and DC-530 remaining equivalent. 

For the weak zcceptor p&se F-400 2n increased dist2ance relative to OV-I7/‘DC- 
7 10 is apparent as compared w&k the other saturated and unsaturated esters and it 
is appaent that the character of F-400 has become more significant and the acceptor- 
acceptor repulsion of solute and solvent causes iocreased Fete&ion. 

The increasing intiuence of the acceptor etFect is apparent with F-400 2nd the 
donor dipheny: polysiloxane which, w’hile of si@i&mt2y ge2ter general poIa&y, 
shows eadier elution of the branched &Lain esters. 

The elution of the simpl e ketores on the phases considered tends to parallel 
the performance of tie ester series 2I:hough the nearest neighbow distances in 211 
cases are greater 2nd the e_G%ctive dist2nces of the phenyi bearing donor phases is 
furtker reduced. 1: is, kowever, evident that DC-530, a phase witk aminoethy!amina- 
p-‘opyi groups’1 shows an enbznced retention distance. This is tke reverse of the 
situ&on with t&e tkrce ester series 2nd is due to chemi& interaction of the crtrbonyl 
group with tke primary 2nd secondary zmino gfoupsiz. 

The behaviour of tke &ketones p2raHeis thzt of the simpler compounds arrd 
for the phases increasing in general polarity to diphe@ poiysifoxane the nearest 
nei~hbour distances are esserttisrlly identical white with the more polar phases the 
w&es 2re increased. Elmion of the ketoesters 235iin parallels that of the simple 
ketones aftkougk the nearest neigkbour distances are C& considerably increased, 
p2tiieuIar~y witk tf?e more polar sdvemts. 

From Fig. 1 it is generalEy evident from zii of the plots that the nearest neigh- 
bow distances incwzse v&k the Irzcrmsing poI2r ckarzcter of the phases. The values 
of generc~t pofarity used in Figs. I and 2 have ken *akerr From an earlier work”. These 
2.~ not completely in agzreement witi the &test published v&ues” but are more 
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Fig_ 1. Pht shxuing nearest neighbour distances from SE-30 znd gzrierzl paIa&y for (a> saturated 
esters, (b) uns&urated esters, (cl p&late esters, (d) n-aIkyI ketones, Ce) diketones, and (0 pyruvate 
esters. 

Fig. 2. P!ot sf?owing n-t neigbbour d&taxes from SE-33 and gene=zaal polar&y for (2) glycol ethers 
2nd (%I glyc~lletheracetyt derivatfvcs_ 



sui&ble for comparison 2s the vaiues of a$! of the stationary phases considered are 
included. Detzils of rhe poiysiio;\cane stationary phaes r;sed, i.e., composition, sup- 
plier, polarity, etc., h2ve been previortsly reportedJ*‘. If a line of best f?.t were COIL- 
strucred for the pro6 it becomes appareot that with carbonyf rxmporrnds enhanced 
distances occur with the acceptor phases, eve-en with the weaker members F-400, F- 
503, as compared with the donor phenyl 2nd amino solvents. TduoropropyE methyl 

poI:ysifoxane (QF-l/OV-210) shows the same effect quite dramaticxfly 2nd from its 
iatroduction” has been reported to exhibit selectivity towards ketones. Gener2ily the 
effect would appear to be mildly appztent with esters but much accentuated w&h the 
ketone series. The work of VandenHeuvel et rri.” _ Indicated the si&&ant poIar char- 
acter of.QF-I by the determination of separation factors for the -CH2-CHI- goup 
for 2 series of homolo~ozls loizg-chain fatty esters. The seiective behaviour was appar- 
ent 2s increased retention with oxy gee containing functional soups in the order 
ethers, hydroxy coInpounds, esters and ketones while the retention of hydroxy sod 
ketosteroids varied greatly with structure. From Fig. I the increasirg order esters to 
ket#zmes is apparent while in Fi g. 2, which is a slmihr plot of gtycol ethers and their 
acetyl derivatives, the order ethers to esters occurs. The plots demons*Zate the si@f- 
icant polar character of QF-1 quite clearly and more satisfactoriIy than by a simple 
corsideration of the McReynoids constaants or by equating the phases to one of the 
probes’j. 

The simi!arity of behaviour of XE-60 2nd OV-235 as discussed by Leary 2nd 
his co-workers’ with the glycol ethers 2nd their acetyi derivatives’ is reflected in the 
sitilarity of the nearest neighbour distaaces (Table 1) with Ehe two types of homol- 
o_gous series. From this table it is cfear that the increased distance observed for the 
esters with QF-1 does not occur with XE-60 or OV-225. The similarity of XE-60 2nd 
OV-225 is further evident by considering rhe ocher ester and ketone series examined 
in 5s work. 
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