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SUMKARY 

By using a bound spectral polarity4ctecting l&e& we investigated the soiv- 
ation power of the solvent near the pofymeiic matrix of some polar chromato- 
graphic media intended for the separation of biopolymers in aqueous solutions. It was 
found that with highly poIar materials such as cellulose and cross-linked poIydextran 
gels (Sepharose, Sephadex) the salvation power of water molecules is reduced and 
that the polarity detected in the vicinity of the sorbent is much lower- Tfie chromaro- 
graphic mate&is investigated (Sephadex derivatives for gel and ion-exchange chroma- 
to_graphy, Sepharose derivatives for gel and hydrophobic chromatography, celluIose, 
Sphcron, Dowex I-X2 and ionexchange materials based on cellulose, starch, Spheron 
and Giycoph asecoated porous glass) were compared with respect to the magnitude 
of the difFeren= between the polarity of the microenvironment of sorbents and the 
polarity of water. Effects that influence this difference are discussed. 

iNTRODUCIION 

The d.eveIopment of biochemistry in last two decades has been considerably 
accelerated by the introduction of chromatograpbic materials and carrier media based 
on ceIIuIose, agarose, cross-linked polydextrans and starch. These materials are 
widely used in many separation techniques, including aEinity and ion-exchange 
chror~~~tog~~pI~y, and are also utiiized in the immobilization of enzymes_ 
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The bioafEnity interaction not only depends on the character of interacting 
materials, but also is al&ted to a certain extent by the properties of the support, 
that is, by the interacting cornpout& bound on the support or coming into close 
contact with it. If we neglect diffusion elEcts in the support. two main influences 
remain, namely the electrostatic effect, if the matrix carries a charge, and the effect 
due to the polarity of the support. The former effect, that of long-range electrostatic 
interactions on the function (Le., mainly on the pH activity profile) has been examined 
in detail’. The latter effect is caused by the differences between the polarity of the 
polymer chain of the chromatographic material and the polarity of the surrounding 
solvation medium (water in most instances, or aqueous salt solutions with a lower 
ionic strength); for other types of chromatographic materials, such as glycophase- 
coated porous glass, the effect is due to the diirence between the polarity of surface 
groups, which come into contact with the solvent, and the polarity of bulk solution_ 
The larger, “more hydrophobic’* molecules, such as polymer chains, afhzct the structure 
of the solvent in their vicinity and sterically hinder the salvation of compounds or 
groups situated in their neighbourhood. This makes the polarity in this region appear 
to be lower than that of the bulk solution. As a result, various processes that depend 
on the polar& of the surrounding medium, e.g., some chemical reactions and binding 
and ion-exchange equilibria, are also influenced by this phenomenon. 

The decrease in the polarity of the microenvironment of synthetic polymers in 
solutioP and the effect exerted by this factor on some reactions, such as ion 
equilibria, solvolytic splitting of esters, isomerization of stilbene and ion activities, 
have been discussed in earlier papers 4.5. It may be expected that the effect observed 
with soluble polymers will be even more pronounced for densely cross-linked 

polymeric chromatographic materials, or even for porous coated inorganic materials. 
In a previous study the polarity of the microenvironment of soluble polymers 

was measured by using a spectroscopic label bound at low concentration on 
polymer chains 2.3. The spectroscopic label used in both this and the previous study 
has a solvatochromic charge-transfer (CT) band in its visible spectrum; the position 
of the band characterizes the polarity or salvation power of the surroundings of the 
label (reporter). This principle, i.e., observation of the shift (energy) of the CT band in 
some molecules having a high dipole moment in various solvents, has been employed 
in the characterization of the polarity of solvents and in the formulation of semi- 
empirical scales of the polarity of solvent@. We have now used the samemethod 
for insoluble chromatographic materials. We recorded the absorption (for highly 
transparent chromatographic materials) or reflection spectra of chromatographic 
materials modified to a very low degree by molecules of the spectroscopic label. Using 
the position of the CT band, it was possible to characterize the polarity of the medium 
near the sorbent. By comparison with the calibration graph obtained for au un- 
bound label in aqueous solutions, it is possible to estimate an approximate value of 
the local polarity for a certain sorbent (on a semi-empirical scale), or the value of 
the local dieIectric constant useful for, e.g., calculations of ion equilibria and activi- 
ties. The method may also be employed for comparison of materials intended for the 
separation of biopolymers on the basis of non-polar interactions. 



EXP-AL 

Sephadex G-10, G-25 and G-50, SP-Sephadex C-25, CM-Sephadex C-25, 
DEAE-Sepbadex A-25, QAESephadex A-25, Sepharose 4B, CL 4B and CL 6B and 
octyi-Sepharose CL 4B were products of Pharmacia (uppsak, Sweden). Octyl- 
Sepharose CL 4B EI (with a bigber degree of substitution) was prepared from 
Sepharose CL- 4B according to ref. 7. Cellulose (Genuine Standard) and DE-32 
Microgranular Cellulose were manufactured by Whatman (Balston, Maidstone, Great 
Britain)_ Spheron P-300 (20-K) pm) was obtained from Lachema (Bmo, Czecho- 
slovakia). DEAE-Spheron (capacity 2.0 mequiv./g) was prepared from Spheron P-300 
in our laborato@. Glucosecoated Spheron P-300 was obtained by courtesy of 
Dr. tfoupek. DEAE-starch was kindly provided by Dr_ Bayer. DEAE-Glycophase- 
coated porous glass and CM-Glycophase-coated porous glass (74-125 pm) were 
obtained from Pier-cc (Rockford, IL, U.S.A.) and lysozyme (salt-free) from Worthing- 
ton (Freehold, NJ, U.S.A.). 

Ah chromatographic materials were mod&d by reaction with i-(4-bromo- 
butyI)4(3ethoxy4hydroxystyryI)pyridinium bromide (BP@. The BPB molecule 
bound on a chromatographic support (BPB I) can be seen in Fig_ 1, which also 
shows the other related compounds (chromophores) used in this study as po!arity 
reporters. BPB was prepared by a reaction between 4-(3ethoxy3_hydroxystyryl)- 
pyridine and l&dibromobutaue in absolute methanol at 60°C for 60 ming and 

. Sr-CyujC\CH!-N>CH-CH 

BPB 
1 aH- REACT!ON 
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recrystallizd three times from methanol. The BPB was bound on the chromato- 
graphic tiaterials by treating them with au aqueous alkaline solution or dioxan- 
water (1:l) solution of BPB at a concentration between 0.1 and 2 mg per 10 ml 

at 40-6O”C for 60-240 min. The chromatographic material was then washed with 
water, 0.5 M hydrochloric acid, 0.5 M sodium hydroxide solution, water, 
methanol, ethanol, acetone and water, until all excess of BPB was removed. A&r 
washing with 0.5 M hydrochloric acid and water, the products Were frozen and 
stored in the dark. The high molar extinction coefficient of the label2 allowed us to 
carry out the reaction so as to attain only a very Iow degree of substitution and to 
preserve the character of the material. C,-BPB II, C4-BPB II, C&-BPB IL and 
C,,-BPB II were prepared in a similar manner to BPB using methyl, n-butyl, 
x-decyl and c&y1 bromide, respectively_ 

At alkaline pH, the BPB I label is converted into BPB II (the pK of this 
transition in water is S), the absorptioc band of which is more sensitive to the 
polarity of the solvent (Fig. 1). At pH 9.15, at which the measurements were 
performed, the largest part of the label present in the aqueous solution is in the form 
II. At this pH, the label bound on various matrices exhibits a different ratio between 
the concentrations of forms I and II (Fig. 2). The calibration graph was obtained by 
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Fig. 2. (A) Absorption spectrum of the C,-BPB label in solution: (1) in 0.1 M borax buffer (PH 9.15) 
(form Il); (2) in distilled water (form I). (X3) Diffusion rcflcction spectrum of C,-BPB bound on 
Spheron P-300,0.1 M borax buffer (pH 9.15). jJ?(R-) = 2RoD/1 - R-o; Rm = diffusion rehkctae]. 
Q Absorption spectrum of C,-BPB bound on Sephadex C 25.0.1 M borax buffer (pH 9.15) (the 
broken lies are used to indicate separated bands of forms I and II; band of form I coincides with 
the spectrum recorded in water). (D) Absorption spectrum of C;-BPB bound on Sepharose 4B; (1) 
in 0.1 i%f b&ax buffer (pH 9.15); (2) in water (the broken lines are used to indicate separated bands 
of forms II and I). 
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measuring BPB II and other derivatives, in which the nitrogen atom in the pyridine 
ring is substituted with methyl (Ci-BPB Ii), n-butyl (C,-BPB II), n-decyl (Cl,-BPB Ii) 
and #&methacryloyloxyethyl group~*~~~‘~~, in water and in water-orGtic solvent 
(methanol, ethanol, I-propanol, 2-propanol, tert_-butano1, acetone and dioxan) 
mixtnres. No differences in the position of the maximum of the solvatochromic band 
could be observed for variously N-substituted derivatives, even with a’bulky hydro- 
phobic substituent (C,,). 

The optical spectra were recorded with a Hitachi Perkin-Elmer 340 spectro- 
photometer with a reflecting attachment with one integrating sphere. The sampIes, 
swollen in water, were rendered alkaline prior to ffie measurement by washing with 
0.1 M borax bufEer @H 9.15) until the stationary state was reached, in which the 
ratio of the intensities of the absorption bands of forms f and II did not vary. The 
stationary state characterized by the same spectrum was also reached after preliminary 
treatment with 0.1 N sodium hydroxide solution followed by washing with borax 
buffer (PH 9.15). The samples were then sedimented into cells filled with a 0-l M 
borax buffer @H 9-15). From the optical viewpoint, in all instances the samples were 
heterogeneous and multiple-light scattering_ The intensity of the light scattering of 
the individual carriers differed considerably, obviously with respect to the ma_gnitude 
and distribution of the domains of the polymer gel and free solution, and depending on 
the difference between the refractive indices of these domains. Strongly diEusively 
reflecting samples (Spheron and cellulose types) were pIaced in the inte_ating sphere 
and the spectra of diEtsion reflectance, R, were measured relative to magnesium 
o-side as a standard (the samples, 1 and 2 mm thick, do not transmit any light and 
their reflectance is considered as the reflectance of an infinitely thick layer, R,). 
Relatively transparent samples were placed closely before the integrating sphere, and 
the absorption spectra with respect to a reference buffer solution were measured. As 
is illustrated by several examples in Fig. 2, the absorption bands of forms I and II are 
not sufliciently separated in the spectra (the half-width of the absorption CF bands 
in the spectrum of the label was found to increase after binding on the matrix, the 
more so -tie larger was the difference between the polarities of the polymer and the 
soivation medium3). The absorption bands of form II were separated so that the 
recorded spectra were modellcd on a cume analyser from two absorption bands, the 
model for the band of form P being the spectra of form I obtained by an independent 
measurement of non-alkali-treated samples in water. With this procedure, the 
accuracy with which the position of the maximum is determined is alEcted by the 
following fxtors. 

(a) Depending on the carrier, the absorption baud of form I is more or less 
shifted towards longer wavelengths with increasing pH. For this reason, in the 
separation of bands on the curve analyser in some instances the band of form I 
obtained by measurement in water had to be shifted towards longer wavelengths (by 
7 nm at most) so as to make its position coincide with that of the band of form I in 
complex spectra recorded at pH 9.15. 

(b) With transparent samples, absorption spectra were used in the separation of 
the band of form II_ For multiple-light scattering samples, however, absorbance is 
not an additive quantity as it is if the Lambert-Beer law is valid. This error did not 
apply to samples investigated by the diffusion reflection method, where the separation 
was carried out with spectra re-calculated using the Kubelka-Munklo function, F(R,): 
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where R,. _is the. diffusion reflectance of an infinitely thi& sample layer, K is 
absorbance and S js the scattering factor. The spectrum recorded at pH 9.E is in this 
&stance a real a&w&tic sum of the spectra of fokns I and II: 

F(R,) = F(R’,) f F(R;) = K’ “s PI 

where K’ and Ku are the absdrbances of forms I and II, respectively, and S is the 
scattering factor given by the carrier. 

(c) The position of the maximum in ffie spectra is affected by the dependence 
of the- light scattering on the wavelength. 

The ef&ct of factors (b) and (c) given by light scattering was tested by 
measuring samples of various thickness (0.1, 0.2, 0.5 and 1 cm) and by diluting 
samples with carriers without any bound chromophore. The accuracy of the 
determination of the position of the maximum of the absorption band of form II, 
given by the magnitude of the correction for factors (a), (b) and (c) was estimated in 
our experiments to be f 3 run. 

RESULTS AND DISCUSSION 

Various chromatograppZs materials employed in the separation and immobili- 
zation of biopolymers were compared, such as loosely cross-linked gels based on 
natural polysaccharide polymers (Sephadex, Sepharose, etc.), medium cross-linked 
polystyrene ion exchanger (Dowex l-X2), highly cross-linked hydrophilic macro- 
porous heterogeneous gel (each of the 3-4 monomeric units is cross-k&d), Spheron 
P-300 (ref. 11) and porous glass coated with a hydrophilic monolayep. 

The local polarities near these chromatographic materials and a comparison 
of the hydrophilicities of these materials are obtained by comparing wavelengths or 
the corresponding eergies of the solvatochromic CT band of the BPB II spectro- 
scopic label, which is bound on these materials through an oxytetramethylene 
spacer (Fig. 1). The wavelengths of the maxima of solvatochromic CT bands after 
binding on the so&e& are given in Table I. As the polarities of solvents on semi- 
empirical scales are mostly given as the transition energies of sensitive spectral bands, 
the respective energies, &, of these transitions calculated from the equation6 

& (w/mole) = NAhv = - l-197 . 104 

Lax 
(3) 

where NA is Avogadro’s number, h is Plan&s constant, Y is frequency and &,, (run) 
is the wavelength of the maximum of the solvatochromic band, are also given. 

Table I also presents values measured with an unbound label-in an aqueous 
solution containing only buffer. These values (A& 255.2 and 256.3 kJ/moIe) characterize 
the polarity of the pure solvent. If the maxi&a of the solvatochromic band of 
modified BPB II bound on chromatographic materials suspended in this solvent are 
shifted towards longer wavelengths (lower energies), they indicate a limited salvation 
of the chromophore near the chromatographic material and a Lower local polarity. 
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TABLE I 

WAVELENGTHS OF THE hiAxIhC4 FOR THE SOLVATOCHROMIC CF BAND (ii_= sun) 
AND THE RESPEcRtF TRANSliIION ENERGIES (ET k.%/mok) FOR THE BPB II LABEL 
BOUND ON VARKNJS CKROMATOGRAPHIC hfAl_ERIAU, FOR A FREE LABEL WITH 

THE SuBsrrrui5Nl-S C,. C. AND Cl0 AND FOR A LABEL WITH THE Sm 
G;, Go AND c, SORBED ON SPHERON P-XXI 

AH measurrmeats were performed in 0.1 M borate btier @El 9.15) by razording transmission or 
re%ectionspectra_ 

Sephada G-IO 
Sephada G-25 
Sephada G-SO 
seph2rose 4B 
SCptiCL4B 

SephzoseCL6B 
Oct+Sepharose CL 4B 
occy~-Sep~ CL 4B II 
cxlukse 
spheron P-MO 
Glucosecoated Spkon P-300 
SPscpha& c-25 
C_?&Sepha~. c-25 
QAE-Sephzdes A-25 
DEAESephzda A-25 
DEAE+?ilUIUSC 
DEAE-starch 
DEAE-Spheron P-MO 
DEAE_GIycophuecozted&ss 
CM-Gl>copha w-cozted gl2ss 
Dox7zx i-xi? 
C,-BPB II in btier 
CcBPB iI in buik 
C&sPB II In buffer 
C.-BPB II after sorption on Spheron P-300 
Cxo-BPB II after sorption on Sp!xron P-300 
Cl*-BPB II afim SCJ~@OEI on Spkron P-W 

510 
532 
So0 
499 
505 
509 
506 
516 
493 
5ZO 
533 
456 
490 
496 

234.7 

235.4 

239.4 
239.9 
237-O 
235.2 
236.6 
232_0 
242s 
230.2 
224.6 
246.3 
244.3 
241.3 
238.4 
240.4 
2:2_3 
226.7 
2338.4 
239.4 
232.4 
256.3 
255.2 
256.3 
225.4 
224.2 
224.2 

In pure buffered aqueous solutions without sorbent, three compounds were 
measured, containing a methyl (C,-BPB II), an n-but@ (C,-BPB Ii) and an n-decyl 
(C,,,-BPB II) substituent on the nitrogen atom of the chromophore. All of these 
compounds exhibited approximately the same maxima for the solvatochromic CT 
band. Hence it can be concluded that the mere size of the substituent, even non-polar 
aliphatic substituents (up to the size of n-decyl), does not perceptibly affect the 
salvation of the dipole of the chromophore. As it has been proved that chemical 
modifications to one of the more remote carbon atoms of the substinxent are also not 
refkcted in the spectrum’, it is obvious that the shift of the solvatochromic bmd after 
binding on chromatographic materials is due only to the different polarities of the 
medium near the chromatographic mater&i_ 

It can be seen from Table I that in all materials under investigation the 
soivation of the bound label is hindered and affected to some extent; hence, the 
polarity detected in a region near the chromato_mphic material is lower than the 
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polarity of bulk solution. None of the chromatographic materials investigated in 
this work, -even with a matrix consisting of relatively very polar polysaccharide 
chains which, being uncross-linked, are very readily soluble in water (e.g., Sephadex), 
is polar enough to restrict the salvation of bound molecules of the reporter_ Not only 
the lower pola6t.y of the polymer backbone of the chromatographic material but, com- 
pared with water molecules, also the limited mobility of the matrix participate in this 
eff&ct. A similar effect has been observed with some soluble synthetic polymers2*3 and 
has been examined in a similar way for natural macromolecules having a rigid 
conformation13*14 

The lower local polarity of the microenvironment of the chromatographic 
material compared with the surrounding bulk medium may be reflected in the 
retention of less polar compounds, and also in the influence on some chemical 
equilibria and reactions, through local effective activities which depend on the local 
dielectric constant. 

The most hydrophilic material revealed by a comparison between the chroma- 
tographic materials under study (Table I) is Sepharose 4B (Er 243.3 k.I/mole), with 
cellulose (.Er 242.8 kJ/moIe) next to it with respect to polarity. However, both 
materials exhibited a difference in polarity compared with the buffer in which they 
were swollen and measured. If Sepharose 4B or cellulose is swollen in water, the 
polarity near the bound BPB II reporter corresponds approximately to that ,of 
water-ethanol containing 25 ‘A (v/v) of ethanol (Fig_ 3). 

21°W 80 100 
%ivater 

Fig. 3. Comparison of the pohsity of the microenvironment of chromatographic supports expressed 
by the CT' band energy (&, lcJ/mole) of BPB II bound on (a) Spheron P-300, @) Sephadex G-10, 
(c) Sephadex G-25, (d) Sephadex G-SO, (e) Sepharose 4B and (f) cellulose with the polarity Of WateF- 
ethanol mixtmn&. For conditions of measurement, see Experimental. 

An even lower polarity was measured for all types of Sephadex (G-10, G-25 
and G-50), which differ in their exclusion limits. Certain differences, ahhough 
almost at the limit of the accuracy of optical measurements, were observed 
depending on the degree of cross-linking. The polarity measured for the most highly 
cross-linked Sephadex G-10 was the lowest (& 234.7 kJ/mole), which (Fig. 3) 
corresponds approximately to that of water-ethanol containing 50% of ethanol. The 
local polarity near the cross-linked polysaccharide matrix Sephadex G-10 may also 
be roughly characterized by the dielectric constant of this mixture. FOF Sephadex 
G-25, with a lower degree of cross-linking, the polarity was higher (Er 238.4 kJ/mole), 



and may be compared with that of water-ethanol containing siightiy less than 40 % of 
ethanol. Sephadex G-50, with a higher exclusioa limit and a lower degree of cross- 
linking, was eyen more polar. The differences revealed by the measurements are not 

large but are easy to understand. The lowest polarity was measured for Sephadex 
G-10, with the highest de_- of cross-linking, which contains the largest amount of 
short cross-linking non-polar alkyl groups and for which the retention of less polar 
groups has often been recorded (e.g., ref. 15). 

Roughly the same po!arities as for Sephadex were recorded for cross-linked 
Sepharoses (& 237 k.J/mok for Sepharose CL 4B and 235.2 H/mole for more cross- 
linked Sepharose CL 6B). 

Spheron P-300 is the least polar material studied. It is a macroporcus rigid 
copolymer” of Zhydroxyethyl methacrytate and ethylene dimethacrylate. Owing to 
its hydkoxylic group, the basic monomer confers upon the polymer a certain hydro- 
phihcity ; the material is therefore wetted with water anti SweIIs in it The high degree 
of cross-linking (20-30%). the limited mobitity of the polymeric backbone and the 
aliphatic character of the basic poIymeric backbone are the causes of the lowest 
measured & (226.7 kJ/mole). The poitity detected in the vicinity of Spheron is the 
same as in water-alcohol mixtures containing 65% of ethanol (Fig. 2) or SS-89°? of 
methanol. Such a polarity is relatively low, and it is not surprising, therefore, that 
even if Spheron is wetted with water and swells in it, it interacts in aqueous solutions 
and in solutions of sahs with non-po1ar groups on the protein surface, causing their 
retentionX6. The material has been suggested for some biochemical applications” and 
for the hydrophobic cbrometo_~phy of proteins 16_ The decrease in polarity in the 
vicinity of Spheron P-304) compared with water is larger (20.9 W/mole) than that 
observed with linear poly-(2-hydroxyethyl methacrylate)2*3, where the difference 
measured against the bulk solution in most solvents was only 4-8 kJ/mole. Hydro- 
phobic interactions of proteins with the surface of Spheron P-300 can be reduced by 
modifying the sorhent surface with su_gar units (glucose). As has been demonstrated by 
chromato_mphic experiments, and as also follows from the very 1ow Er for glucose- 
coated Spheron P-300, such a mod&&ion does not cause any essential changes in 
the hydrophobic binding sites for small mo1ecuIes. 

Another two materials prepared by introducing non-polar octyl moieties into 
the poIar Sepharose gel and intended for the hydrophobic chromato_maphy of proteins 
were also compared with Spheron P-300. The increased hydrophobicity of the 
chromatographic material is more pronounced with octyl-Sepharose CL 4B II, i.e., 
only at a higher degree of substitution, which means a higher density of octyl groups 
in the gel. With octyl-Sepharose CL 4B, which has 2 very low density of the polarity 
reporter groups and a relatively low density of octyl groups, the relatively low 
fraction of octyl groups is so close to the reporter groups that it is able to affect their 
solvation. The eE&t would certainly be more pronounced if the reporter molecules 
were localized oniy in the vicinity of hydrophobic octyl substituents. More probably, 
however, they are distributed randomly throughout the gel structure. For this reason, 
polarity detected with octyl-Sepharose CL 4B is very close to the value observed 
with the originally unsubstituted polymer (Fig- 4) For octyl-Sepharose CL 4B II, 
where a higher degree of substitution was attained (the retention of pronins on this 
materiaf is approximate!y three times ,mter than on commercial octyl-Scpharose 
CL 4B), a distinct decrease in polarity compared with unsubstituted Sepharose CL 



48 E. BRYNDA, P. STROP, F. MIKE$ J. IL&AL 

a 
4 

nz 

b 
2 LIri!l c . 

o d 

5oo 5*. %l115m 

Fig. 4. Dependence of retention, R (defined as R = ( YeI - Vi)/ Vo,whexe Vi is the gel pemeationelution 
volume of lysozyme when retained by hydrophobic interactions and V,, the elution volume of fyso- 
zyme in 0.5 M NacI) on the polarity of the chromatographic material). (a) Spheron P-300; (b) octyl- 
SepbaroseCL4B Il;(c)octyI_SepharoseCL4B;(d)SepharaseCL4Bfothydraphobicchromatography 
of lysozyme. The polarity is expressed through the wavelength of the solvatochromic baud of the Iabel 
bound on these materials. Chromatograpbic analysis was performed in a 0.5 M NaQ-o.05 M 
phosphate bulier @H 5.5) at 20°C. 

4B was been observed. The polarity thus measured (E, 232 kJ/moIe) corresponds to 
that of water-ethanol containing 60 % of ethanol. 

Table I also presents measured local polarities for ion-exchange derivatives 
of Sephadex, cellulose, Spheron, starch, Glycophasecoated porous glass and Dowex 
l-X2. The polarity measured for all ion-exchange derivatives of Sephadex, with the 
exception of DEAE-Sephadex A-25, was higher than that of a comparable unsub- 
stituted material without a major number of charged groups, such as Sephadex G-25. 
The introduction of ionized polar groups, viz., sulphopropyl (SP), wboxymethyl 
(CM) and quaternary triethylammouiumethyl (QAE), into the original matrix leads 
to a higher net local concentration of charge and counter ions, reflected in a rise in 
the local polarity near gel chains- Only the polarity of weakly basic diethylaminocthyl 
(DEAE) derivatives of Sephadex, Spheron and cellulose, ionized to a small degree at 
pH 9.15, is close to the values for the original unsubstituted materials. 

The polarity of DEAE-starch is higher than that of DEAE-Sephadex A-25; 
the local polarities measured for ion exchangers prepared on the basis of Glycophase- 
coated porous glass (DEAE and CM derivatives) are roughly the same. As the last 
two materials possess a very low total capacity, and hence also a lower local charge 
concentration, it can be assumed that in these instances the local polarity is not 
afkcted to any great extent by ion groups. 

The polarity determined for Dowex L-X2 is rather low (& 232.4 m/mole) 
and corresponds to that of water-ethanol containing slightly less than 60% of 
-ethanol. Dowex l-X2 is an anion exchanger, the matrix of which consists of very 
hydrophobic slyrene and divinylbenzene units. The local polarity measured near the 
gel structure of the ion exchanger in an aqueous suspension is much lower than the 
polarity of the surrounding medium, i.e., water. In this instance the difference between 
the polarity of water, in which the ion exchanger is swollen, and that of the micro- 
environment of the ion exchanger is reduced by the presence of a large number of polar 
and charged groups (capacity 4.3 mequiv./g, Le., approximately one group per two 
nuclei). 

The me’&od of comparison of the polarity of chromatographic materials 
described above differs from methods described earlier (e.g., ref. 18). The polarity of 
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the microenvironment OF some synthetic poiymers has been measured in the same 
way; the IocaI microenvironment on the surface of globular proteins has been 
measured by means of spectmI Iabels (reporters) for many year~‘~*‘~. The measurement 
ofthe IocaI polarity on the surface of some of the chromatographic materials described 
here is better suited for more poIar materials having preferably a microhomogeneous 
structure in an aqueous medium and in polar solvents and mixtures. The sorbent 
must possess reactive groups, S&I as hydroxyl, amine and thio groups. This 
measurement gives direct information about bow the difference between the polarities 
of the sorbent and the soIvent a&cts the salvation power of the solvent near the 
sorbent, and also provides a means for the numerical expression of this effect in the 
form of the focal dielectric constant, which, together with a simple comparison of the 
polarities of chromatographic materials, may also be employed in calculations of the 
Iocal activities. ionic equilibria and other charge interactions near the sorbent. Of all 
these applications, the possibility of calculating the effective pH value is the most 
important. 

One should bear in mind that generally the local polarity calculated from the 
spectra of the label need not be identical with that operative in reactions of other 
molecules on the chromato_~phic support. The supports are inhomogeneous, and 
the measured CT band is a superposition of the absorption bands of the label bound 
in various regions. The determined mauimum of the absorption band and the !ocai 
polarity caIcuIated therefrom are a mean values characterizing the distribution of the 
label in the support. JYhis distribution is given by the conditions of the binding 
reaction, Le., by the ma_gnitude of physical interactions of the label xvith the par- 
ticular regions and with the reaction solvent, by the rate of diffusion to reactive 
groups and by the kinetics of the binding reaction. An exampIe can be seen in the 
low Er values (‘fable I) calculated from the spectra of the C,,-BPB 11 and C,,-BPB II 
labels adsorbed on Spheron (Spheron was placed in a solution of the label in 
methanol, then thorou_ghly washed with water and measured in the usual way in borax 
buffer, pH 0.15). The label, which in this instance is bound on the matrix by 
hydrophobic forces through n-decyl and cetyl hydrocarbon chains, is obviously 
preferentially localized in less polar domains of the heterogeneous carrier. In con- 
trast, a label without the hydrophobic chain (C,-BPB II) did not exhibit any tendency 
to be sorbed preferentially in non-polar regions, and it couId be readily washed out from 
the supports with water. Fi,. a 4 shows a co,creIation of the local polarity calculated 
from the spectra of the bound label with the retention, R, for the hydrophobic 
chromato,graphy of lysozyme on Spheron and octyl-Sepharose with various degrees 
of substitution. The relatively good a,mment obtained on two different types of 
materials, rir., aerogel and xerogel, shows that the spectra of the bound label 
predominantly reflect the polarity in the surface regions of the support, which is 
important for an interaction between the latter and macromolecules_ 

Together with the accuracy of the determination of the maximum of the 
soIvatochromic band, the reliability of measured data depends mainly on the con- 
dition that specific interactions between chromophore and matrix, or solvent, or the 
so-called sorting effects caused in mixed solvents by the molecule of the reporter, 
should be lowest for the chosen reporter_ Semi-empirical scales of the polarity of 
solvents based on the ener_gy of solvatochromic bands, chromophores with a high 
dipole moment and with a structure similar to BPB II range among the most 
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universal &alesof Polaris 7’. Good correlation over a wide range of solvents has 
been found not only with the dielectric constant, but also -with various solvation- 
sensitive processes 6*1g. This suggests that specific interactions with solverit and sol- 
vent-sorting ef&cts are not important, and that the same may be assumed for spe&ic 
interactions with various organic sorbents. A simple interpretation is the advantage 
gi-:en by this type of label compared with, for example, fluorescence measurements, 
which offer similar possibilities. As may be expected and as has also been demon- 
stdted for soluble polymersg, the diEerence between polarities detected in the vicinity 
of the polymer in bulk solution decreases with the distance of the chromophore from 
she biB&ng s&e. 
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