
CBROMA- 

SUMMARY 

The determination of the cbromatogmphic resolution is besed on the shape 
of and the distance between two neigbbouring peaks produced by two homogeneous 
compouents of the sampIe. The application of this test to the gel permeation 
chromatography (GPC) of po&mers using the peaks of calibration standards is 
intluenced by the choice of sample. A new measure of the resohing power, which is 
corrected for sample heterogeneity aud distance, is discussed aud compared with 
already known tests. The numerical value of the proposed measure of resolving 
power indicates that ratio of molar masses which wouId be separated with a 4 Q 
resolution_ The comparison is based on data measured with dextrau staudards iu 
water and with polystyrene standards iu methyl ethyl ketone or tetrahydrofuran. The 
aim of this work was the evaluation of the ethciency of a given GPC apparatus before 
and after m-swelling the gels, and the comparison of columns packed with particles 
either 40-6Opm or 1Opm in size. 

Tests of chromatographic resolution are IzeGessary in order to compare 
different equipment or methods, to ascertain whether there is a change in the 
separation power of a given device with time, aud to determine the possible iuflueuce 
of any aheration of the apparatus or the method. 

The height equivalent to a theoretical plate, or the plate number, N = 
lG(V’W, are often used as a measure of resolution estimated from the peak width, 
W, aud elution volume, V, of one component. In addition to the influence of sample 
viscosity and hence of molar mass, au iufhreuce which is of special importance in 
polymer mseamh, it has already heen pointed out that different chromatographic 
coIumns with idemk.aS p&e numbers do not always show ide&itA separation 
ei&iencies. A r&able test of separation power should refer to data obtained by 
meaus of two compouents~;This~hokis for the resohttion, &, calculated by meaus of 
eqn. 1 from the peak widths, W, aud the elutiou volumus, V, of two components, I 



zso G. GIL- 

and II. As V,_,, > Vc.r, in GPC, the molar mass of the component I is hi_&r tfian 

the investigation of polymer samples, Bif in- 
specimens, H = L&&i’#‘~ and formulated the 

where M, is the weight-average and &&, the number-average of molecular mass 
distribution. Biy’ ako suggwtgd the specik resolution: 

as a standard for GFC e&iency_ This equation involves the sekctivity term of 
excIusion chromatography: 

V - K., s = 1o;&f*3 (4) 

which also represents the slope of the GPC calibration graph: 

v, = A---s log M 0 

The limiting wdue 

limG=S/W (6) 

has been named the ‘resolution index” by SW, whereas Coopr and Kissl suggested 
the quantity 

as the resolution index. 
The aim of our study was the evaluation of the separation power of a 

commercial GFC apparatus with Spheron coIumns and water as the eluent, the 
comparison with the sepzxration power afk *swelling rhe ge!s in methyl ethyl ketone 
(MEK) and nqzcking the columns, and the evaluation of the separation power of 
2 set of LichrosJ$er@ cQillmnc in combination with ?+z same ex&a~kmn equipment 
as used previousiy. 



A gel and liquid chromatograph @C/GPC 5050) with a dGerential refractom- 
eter (2025/50) and a UV photometer (4040) (Knauer, Oberursei, G.ER.) was used. 

Colunurs. (a) Four stainkss-stee1 hrbes, 600 mm x 7.8 mm I.D., were packed 
with Spheron gels in water by the manufacturer (Knauer KG). The gels were Spheron 
P 40, P fO0, P 300 and P 1000, particle size 2U-40 pm. The total void volume was 
50.0 ml and the accessible vohmze (sodium chloride peak) 95.4 ml. (b) The same tubes 
were m-packed by Laboratorni PZstroje, Prague, Czechosslovahia (by courtesy of 
Dr. J. &upek), with the gels re-swollen in MEK. The void volume was 5X6 ml and 
the accessible volume (benzene peak) 100.0 ml. (c) Five staiufess-steel tubes, 250 mm x 
4 mm I.D., were packed with LiChrospher gels by &e manufacturer. The gels were 
LiChrospher Si 100, Si 500 (two), Si 1000 and Si 4000. The void volume was 6.6 ml. 

(a) Dextran standards were obtained from Pharmacia, Uppsahz, Sweden. 
The molecular mass (&I) and heterogeneity (II) as given by the supplier are shown in 
Table Ia. (b), (c) PoIy&yrene stan~ds were obtained from Knauer KG. The 
molecular mass (&Q and sample heterogeneity (H) are given in Table I (b, c). 

(a) Distilkd water; (b) methyl ethyl ketone (MEK), reagent grade, d&i&d; 
and (c) tetrahydrofuran (THF), reagent grade, purifkd and distilled, were used. 

(a), (b) A flow-rate of 1.5 ml/mm, injection volume 1.5 ml and sample con- 
centration 0.01% were used; (c) a flow-rate of 1.5 ml/mm, injection volume 10 ~1 
and sample concentration 0.25% were used. 

RESULTS 

The elution vohunn (Vd refers to the position of the peak, and the peak 
width (w) is the distance between the points at which the inflection-tangents of a 
peak cross the baseline. These data are given in Table I. 

The peak wid& of poIydisperse poLymer samples is influenced by cbromato- 
graphic dispersion, extracolumn effects and sample heterogetieity. If ah of t&se 
contributions are Gaussian, the additivity rule is 

The quantity %ppMCrU, which refers to the standard deviationof-cohunn-and extra- ___. . -.-- __-...- 
cohmm effects, corresponds to the peak wrdth W = 40 needed for &e evaluation of 
resolution by means of the equations cited. 
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The heterogeneity correction used in eqn, 2, W,, = W/H, is oniy an 
~~pFOXilllt8.iOEL me thick li& in Fig. 1 ShOWS tie dC@ttC Of iIil~~OVczSI~E COSEqJOnd- 

ing to this approximation, whereas the set of thin lines demonstrate corrections 
obtained with eqn. 8. If the heterogeneity is nor too high, the approximation will 
work satisfactorily, especially for equipment with a calibration graph that is not too 
steep- 

Fw. l_ Ratio of peak width an-rated for sample heterogeneity ( W,,) to peak width ( W) as t&en 
fium a chromatogram verstu sample heterogeneity (K). Thick line: W,, = W/H. Thin lines: W-1 
Was -ted by means of the additivity ruk, eqn_ 8, assuming samples with logarithmic normal 
dhtriboticn of UIOIZ SESS, a&- = (S/In iO)2 In H. The parameter used in plotig the set of thin 
lineshastsc mcaaing K = (S/In 10)* and refers to the sektivity, S, of the chromatographic system 
under investigation. 

The original equation for chromatographic resoiution (eqn. 1) refers to adjacent 
peaks of components with crucial separability. The heteFogeneity correction which is 
introduced in eqn. 2 qualifies this equation for cakulations based on the peak width 
of sIigbtIy polydisperse specimens, e.g., standard samples as used in GPC calibration. 
However, the peaks of such sampies cannot be regarded as neighbouring peaks in the 
strict sense. As a consequence, the values of & depend on the choice of sample. 
For demonstration purposes, we calculated & using some ditferent combinations 
of the data compiled in Table I. Consecutive samples yield lower values than are 
obtained from alternate specimens. Combination of every third sample produced 
even higher resuhs in ail instances investigated (Table XI). 

fn order to eliminate the undesired in&xnce of sampie distance, this quantity 
was introduced into eqn. 3 as tog(M,/Mn). The speci& resolution is insensitive to 
sample distance, as demonstrate6 by the values under I&, in Table II. This holds for 
that range of molecular masses governed by the fairly straight part of the calibration 
graph. However, as the change in V, caused by a certain change in log M decreases 
towards the limits of the separation range, the specific resohrtion also reaches too 
Iow a value here, whereas the corresponding exponential quantities are too high, 





e.g., the resolution index, eqn, 7. This is the reason why some rest&s obtained using 
sampIes within the boundary regions were omitted when averaging (see footnote to 
Table n). 

For a basefine separation, the resolution is 1.5, but even a vahue of 1-O 
indicates a good separation, with only 3% overiapping of peak areas, One of the 
aims in chromatography is to increase the resolution to 1.0 or at the most to 1.5, but 
not above I.5 as &jacent peaks are then too far apart_ 

The substitution of iogfR%Ji%fu) in eqn. 3 relates the result to the condition 
RdJMt, = 10. In consequence, the numerical values of the spe&c resolution can be 
unusuaUy high, e.g., 2 or more, as is the case with our system (c). Table II. 

The resoIut.ion index, eqn. 7, yields values in the range 0-L The Iower limit 
corresponds to an extremely poor resolution. Our experimental work with Spheron 
columns fed to small RT values, but the vahtes for system (b) (polystyrene-MEK) 
are markedly higher than those for system (a) (dextrane-water)_ Unfortunately, this 
is not evidence of better resolution, as the heterogeneity of the polystyrene samples 
is much fess than that of the dextran specimens and, in eqn. 7, the non-corrected 
resolution, R,, is used as an exponent. Xn order to overcome this drawback of eqn. 7 
we used the expression 

for calculation of the separation power. The quantity 7’ is insensitive to the distance 
between the samples chosen for evahiation, as demonstrated in Table II. Further, it 
has a straightforward graphical meaning, as it indicates the ratio of molecular masses 
which wouId be separated with a 40 resoiution. For example, T = 3, which holds for 
our system (c). means that two species with a 1:3 ratio of molecular masses can be 
separated almost completely, whereas our system (a) provides the same level of 
separation oniy with a 1:9 ratio_ As equ 9 defines a measure of the _-test separa- 
tion and as the term “resoIution index” has already been used, the quantity T might 
be called “separation power” (Trennvermogen). From the figures in the last column 
in Table I it can be seen that Tdoes not vary with the molecular mass of the samples 
used for determination. Apart from the figures produced by samples too near the 
limits of the separation range, the efficiency can be regarded as constant. This is 
demon&a&i most clearly by ffie T data for system (c) in the range 233,000 > HW- 
>, 4000, and to some extent also by all the further vaiues of T and EP in Table I. 

It is worth mentioning this constancy, as the height equivalent to a theoretical 
plate which is a one-sample test exhibits a marked dependence on molecular mass in 
accordance with the viscosity &an&. The constancy of Tand R_ therefore indicates 
an improved separation of the high-molecular-mass components of the sample, a 
fatme which has already been observed in preparative GPC. 

Finally we come back to the starting questions: was the separation of the 
GPC equipment altered by m-packing the columns with Spheron gels re-swollen in 
MEK, and what is the separation given by the apparatus in combination with 
cohrmns packed with IO-pm LiChrospher particles? 

The answer to the second question is clear, because ah of the tests taken into 
account indicate that the equipment with the LiChrospher coInmns exhibits a higher 
resohltion. 
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The iuilueuce of the nxweUing of the Spheron gels is harder to detect. The 
valves of %, are higher for t&e m-packed cobxmns, brat it mu& be kept in mind thae 
these data might have been influenced by tie choice of sample. This influence is 
unavoidabk, as two difErcnt sets of samples are nccckd when working with ei_Jler 
water or MEK. The specific rcsoIution indicates that the redihg caused a dig& 
degeneration, The RI test yieids the opposite resuk, but #&is is misleading as two 
diffeirent sets of specimens, dextran and polystyreue, with diErent vahxes of heter+ 
gmeity, were used in the two investigations. The figures in coIu.mn A under RI in 
Table II demowte clearly the drawback of eqn. 7, Fimiiy, the quantity Tleads to 
a clear answer, which is in accord with the indication of the &, test: the Spheron 
oolnnrns exhibited a greater e&iency with the water-swollen gels, but the re-pa&king 
had only a smzfl influence. 

REFEREXCES 

1 J. a L GLZS Chrumcmgr_, 4 (1966) 8-l 1. 
2 D_ D. BIy. L PoZym_ sci C. Poiym_ Symp_, 21 (19623) 13-21. 
3 A. R. Cooper and J. K&s, Brit. Polyn_ L-, 5 (1973) 433441. 
4 K. Ebking. DipcOma Project, Dresden, 1976. 
5 G. GEckxer, Sairr .cIAKRU, K-28, C5/14, Institute of hfacromolecuIar Chemistry, Academy 

of i?kkes, Prague. 1978. 


