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EVIDENCE THAT KA' IN A SULFONATE ION EXCHANGE RESIN EXISTS 
IN Ah' ADSORBED STATE. ITS SIGNIFICANCE FOR THE 
INTERPRETATION OF NMR DATA IN RESINS AND CELLS 

G. N. LING and Z. L ZHAKG 
Depanrncnt of Molauiar Biology. Pennrylvmia Hospd. EiEipb t h d  Sprua Stnets, Philadelphia, 
Pcnna 19107 

7he concenrrarions of  oral Na* and of free NO* were measured in solurions of No* 
polystyrene su!fomre {NaPSSj Free Na* w a  akrermined ruing a NU*-sensiriwglPrJ elccrrode 
having a high degree ofspecijicityfor Na*. in a 5% PSSsolurion, 8Wo or more oJrhe No* was 
nor derecred by rhe glass electrode and uVas adrorbed specficalIy onto rhe anionic suljomre 
groups. The degree o j  adrorprion increased wirh an i n n m e  in rhe concenrrarion of PSS. 
new results were d i rcus~d  in regard to the inrerpmurion of NMR nudies of Na4 in rhe 
cross-linked PSS resins {Dower SO) and in living celk 7 7 ~  restlrs show rhar rhe quadrupolar 
splirring of !he Na* NMR signal ir m w d  by speu$c ionic ahorprion onto f ied  anionic sir= 
and nor by a di/fuse charge gradienr mending owr lnrge diclanceS. 

Ih?RODUmION 

There are two diammically opposed views 
concerning the physical state of countercat- 
ions like Na+ in the commercial nucltar sul-' 
fonate type of cation exchange rreh In one 
view, proposed by H. Gregor (1948, 1951). 
the bulk of the countercations in the resin 
exist as free ions. In the opposite view, first 

- p r r s m ~ L ~ i - 1 9 5 2 a n d  .berincorpo-- 
rated into the l a rp r  theme, the association- 
induction (AI) hdypothesis, rhe cormuriom 
are adsorbed, i.e, one (hydrated) countcr- 

. cation is closely associated with and in direct 
contact-kitK one fmed anion of the resin 
phase. The major force holding the adsorbed 
ion in close association is electrostatic attrac- 
tion, enhanced by the phenomenon of dielec- 
tric saturation in the near-vicinity of a 
charged ion. (A theory similar to thar of Ling 
was later given by Harris and R i u i n  1956.) 

Our interest in ion-exchange resins origi- 
nated from the resemblance between the 
ability of virtually an living cellsto accumu- 
late selectively over Na- and the abiliry of 
certain types of cation exchange resins to do 

the same (Ling, 1952). ?be suggestion was 
made that a similar mechanism operates in 
both systems. Gregor (1948, 1951), on the 
other hand, who had little interest in all 
physiology, suggested an entirely different 
mechanism based on the assumption.of fm. 
countercations m the resin water: as a free 
ion, the smaller, less hydrated K* is preferred 
over the laver, more hydrated Na* due to the 
intense pressure postulated to exist in the 
exchange rains. 

The dichotomy in these two different inter- 
pretations of the same phenomenon pro- . 
heed another set -of divergent-interpm- . 

tions of the NMR of 2 3 ~ a  in resins and in ' . 

living cells. Based on the assumption of Ka* 
binding in an ion-exchange resin, -Copt 
(1967) and Ling and Cope (1969) cited the 
similar NMR behavior of " ~ a  in cells and in 
the nuclear sulfonate ion-exchange resin, 
Dourex 50, as evidence for adsorption of Ka* 
in livlng cells. Based on the assumption of 
full counterion dissociation in this ion- 
exchange resin, the similarity of NMR be- 
havior led Berendsen and Edzes (1973) to con- 
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clude just the opposite - that Na* (and K*) 
in living cells is all free. 

These widely divergent viewpoints are 
created by uncertainty of the physical state of 
the countercations, in particular Na', in an 
obviously attractive model system, the man- 
made ion exchange resins. To help molve 
this problem, we undertook an investigation 
of the physical state of Na* in solutions of the 
linear polymers of Na* poly-styrene sulfo- 
nate, which exists in a solution form, easily 
amenable to investigation. It is well known 
that sulfonate ion exchange resins like 
Dowex 50 are simply these linear polymers 
(at high concentration) crosslinked into a 
three dimensional network with the noss- 
linking q e n f  divinylbcnztne. Since increas- 
ing ion concentration decreases the free 
energy of dissociation and enhanus ionic 

- - association, the demonstration of a si@i 
cant degree of counterion association in 
dilute solutions of the linear polymer would 
confirm the adsorption concept of the A1 
hypothesis. On the o t h n  hand, the demon- 
stration of complete dissociation of the coun- 
tucation would offer support for Grcgor's 
theory. 

Corning Glass Works, Medfield, MA; this 
fine tlectrode is now commercially available. 
Made with glass of NAS 11-18 composition, 
this electrode has high specificity for Xa'. 
Thus at pH 7, the Na*/l;* selectivity is about 
1000; that of Na*/Li4, 250. For maximum 
reproducibility we kept the electrode bulbs 
immersed in 0.1 N NaCl at all times when not 
in use. The reference electrode used was a 
single junction calomel electrode (Model 90- 
01, Orion Res. lnc.) connected to  the 

~ - .  . A  . - . - -  . .. -- . . . - .---141 . . 
- . -. 

MATERIALS A h 9  METHODS z- 
. . 

. . 
. - . . - . . - .  . .. . ~- 

The polymm studied were poly-sryrene 

I - nlfonate (PSS) obtained as several batches 
- -of gifts under- thtc-cial-M- i2v - s - 

TI@ 400 and Versa-TlQ 500 from Proctor 
Chemical Company, a subsidiary of Kational free No' 

- - .  -Starch a n d - C h e d  Corp; BridgewatqN. = - 
3. The a p p r o h t e  molecular weight of the 
Versa-TlQ 500 is 500,000 daltons; that of 0 10 20 30 
Versa-TI@ 400,400,000 daltons.. No-PSS concentrotion ("4 

All the chemical; used were of the reagent 
grade. Guanidine HCI and choline chloride FIGURE 1. The concentrations of total h ' i  and fm 

were from Eastman, Roches~er. N. Y- ~ a - m s o l u d o ~ o f ~ - ~ o L ~ , ~ e s ~ o ~ ( N a P S S ) -  
Ar&ne HC1 . and ,ysine HCI were from. Thc abxisse represtnu the conantration of NaPSS ex- 

prrssed as peranlapc (W/V). The ordinate represtnu 
Sigma Chemical Co., St. Louis, Mo. 

the concentration of roral Na' and fret Na- both in 
7-he Na electrode (Corning 476-210) wed rnolaritv. Tnc free Na' represents that which was 

in the early part of this work was a @I from timad by the Ka' sensitive elunrodc. 
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measuring vessel by a salt bridge of heavy 
wall capillary tubing filled with 0.1 N KC1 
and 2% agar. The end of this salt bridge in 
the solution to be measured is drawn to a 
very small diameter with the tip inner bore of 
less than 1 mm. The electrodes wcre coupled 
to either a Fisher pH meter Model 620, or a 
Beckman pH meter Model 4500. The output 
of the meter was fed into a Linseis multi- 
channel strip-chart recorder and readings 
were taken after steady levels were reached. 
This usually took 2 to 3 minutes. As a rule 
new standard curves were constructed each 
day. However, reading of an unknown 
sample was always sandwiched between a 
pair of readings of standards above and 
below the reading of the unknown sample. 

For the determination of total Na* conan- 
trarion of the polymer solutions, we relied on 
atomic adsorption spectrophotometry (Per- 
kin-Elmer Model 103). Extreme c a n  was 
e x e d  in diluting the viscous samples t o  
assure complete homogeneity. The samples 

- - dilntd to contain Na' conantmion in the 
Tan& 5 to 100 p h4, were read in the presena 
of a constant concentration of LiCl(97 mM) 
and NILHlPO, (3.0 mM) which served as 
radiation buffers. 

- Wechose-twomethDdsto convtrt thqmlg- 
styrene sulfonate (PSS) into the Na* fonn: (i) 

- urvnsive dialysis with repeated changes of 
solutions of 1 M KaC1 and @) convesion o 
PSS first into a X form after overnight ex- 

- - 
posure ofPSS in adialysis bag to 1 N HC1 a t  
4"  C and subsequent dialysis against repeated 

- changes of 1 M KaC1 until neutrality was 
reached. The results are similar; both 

- methods produad pure Ka' polymers. PSS 
in the h'a' form thus obtained is then further 
dialyzed against distilled water adjusted to 
pH 11 with NaOH The dry weight of ali- 
quots of the stock solution wis determined 
by htating in vacuo at 10O0 C. Some aliquots 
were diluted with similar basic distilled water 
to the various desired concentrations before 
their free Ka* concentrations were measured 

'with the Corning 476-210 Na* electrode. ' . 

Other aliquots wcre diluted to the proper con- 
centration range for the determination of 
total Na' with the aid of atomic absorption 
spectrometry. 

RESULTS 

Determination of Free and Bound Nu'. 
Figure 1 shows the result of a series of 
measurements of total and free Na*. From 
the total Na' one estimates a conantration of 
5 mmoles of Na+ per gram of dry NaPSS, 
which is slightly higher than that predicted 

these s; 
L . . . 

on the assumption of a uniform monomer 
formula ( - C H d H  SO;Na*-)., which has a 
monomer weight of 206.20 and a predicted 
Na* content of 4.85 mmoleslg. NaPSS. 

free Na+ conantration for each of 
amples as indicated in Figure 1 fell far 

oelow the level of total Na* conantrations 
measured. By subtraction,. one obtains the 

. - -  - - 

E IF' 

No-poiysiyrene sulfonote conc. ( X I  

FIGURE 2. The fraction of Na' that exins in a bound 
form not detected by the Na' electrode in difiercnt 
wnccnuations of h'd polynyrcnc sulfonate 
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bound fraction of Na*. F i p r e  2 combines the 
results of data given in F i p r e  1 and another 
set of data. The ordinate represents adsorbed 
Na* expressed as a percentage of total Na*. 
To be noted is that the percentage of ad- 
sorbed Na* was low in very dilute solutions of 
NaPSS but it increased sharply with increase 
of NaPSS concentration until at about 4% 
NaPSS, the adsorbed Na' makes up 80% of 
the total Na*. 

Demonsrrarion o j  Specificity in Cotion 
Adrorprion. The results presented in Figures 
1 and 2 show that the bulk of Na* in solutions 
of NaPSS is not "seen" by the Na* elearode. 
The simplest interpretation is that the bulk of 
Na* is adsorbed. However, there is aiso the 
theoretical possibility that the "invisiblew 

Na* reflects not Na* adsorbed onto sulfonate 
anionic sites, but rather fully dissociat 
hovering around in the vicinity of the i 
sites in spaces not accessible to the elec~oae. 

There is a method to distinguish between 

_ these two alternative conditions of the 
visible. Na+ (Ling and Ochstnfeld; 1966; 
Ling, 1977). ?his method relies on the em- 
ployment of rwo or more compning ions 
which, like Na*, carry 2 net single positive 
charge and are thus quite alike in their long- 

-- --mftibutes-butdiflerfr-om- 
in shon-range attributes. If the 7nvisibleW 

Na* is not in direct contact with the anionic 
site, then the displacement effect of a pair of 
these competing cations would depend only 
on their long-range attributes (i.e., their 
valency) which are identical and are thus 
indistinguishable. If on the other hand, the 
"invisible" Na* is in close contact with the 
anionic sites,then the degree of displacement 
by two such ions with different short-range 
attributes may be quite different. 

As competing ions, we chose the chloride 
salts of four "cations" that carry a single net 
positive charge: arginine HC1, quanidine 
HC1, choline chloride, and lysine HC1. 

Before testing their effects on displacing 
pa '  from PSS, we must first establish that 
these cations do not by themselves signifi- 
cantly alter the ability of the Na* electrode to 
register only the free Na+ concentration in a 
solution. To do so, we .determined the Na* 
activity at concentrations of lo-', lo4, and 
10' M in the absence and presence of each of 
these competing ions at concentrations ,100 
times higher than~the respective lu'a* con& 
trations. The results (Table I) show that the 
deviation in the electrode reading is less than 
2% Since in the actual experimental mea- 
surements to  be described, the competing ion 
concentrations were not 100 times higher 

_thanthe Ka* concentration but w e  at most - 
only 5 times higher than t_he Ka*.concentra- 

TABLE I.  m~ of competing ions on the  Sad rltctrodrrariinesmrmillivolu in sohnlons containing 
. - 1 0 ~ ~ 6 , a a d  lo4 were at conccnrrar~ons 100 tima hi&rxhan t h c c o n a n -  

!ration of Ka' prcscnL 

- Canccnvation of Ka' (C w ) ~  

(MI - - - .  .. -. Cornping lon 
lo-' I 0' lo-: (100 X CN.) (M) 
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tion, there was in essence no direct significant 100 

interference of these ions on the ability of the 
Na' electrode to faithfully monitor only the 
fr: Na' concentration. 

Figure 3 presents a typical experiment 80 guon~dme 

showing the effects of varying conantrations 
of the competing ions (indicated on the ab- - s 
scissa) on the percentage of bound Na' that is ; 
displaced by them. Note that the bulk of 60 

bound Na+ (i-e., 77%) is displaced by 300 mM % - 
guanidine. However, at 100 mM concentra- " 
tion, the most effective displacement was not *O 

40 by p a n i d h e  but by arginine. (Due to its p 
lower solubility, we could not study the effect 2 
of arginine at  higher concentrations.) Lysine 
is ineffective in displacing bound Na'. This 

20 
was not due to its possession of the additional 
a-amino and a-carbonyl groups, since this lysine 

feature is shared by both lysine and argininc 
The data presented in Figure 3 show that 0 
there was a high degree of specificity in the IUU 

Cation. ( 
effectiveness in displacing the Na* even 

- - :onc. [mM) 
though all of these substan& carry a single - 

net positivt el-c harge. ~h, their short- FIGURE 3- FMonal W-t of bound Na' in 
~oludonr of NaPSS (s). 7 b e  ordmaze represents tbe 

range attributes played major roles in the of bound Ka- that has been displaced by the 
displacement of the N", thenby ~'o&?that m m e g  ions. nt a m  rep- the ConanIra- 
the 'invisible" Na' is indeed adsorbed in the uon or the mmpnine 
sense that the Na'is in close contact with the 

-7SSat concentrations ligherAar-2%-is ina-  - - -  - - --- 
- - anionic~~tes-Xadfia~om3affom-- . - 

p o u p  relationship. close-contact adsorbed state. As a rule, with 
. - 

the iomase  of the concentration .of Na PSS, Since guanidine can displace 77% of the 
- 

bound Na' while Lvsine a! equal concentra- the fracrion of Na* existing in this adsorbed - - - - -  

tion can only replace 8% of the b m d  Na', at. state increases. Commercial nuclear sulfonic 
- - - - 

acid-hnxchange resins like Dowex-50 are least77 - 8%= 69% of the "invisiblen Na+ is 
in the close-contact adsorbed state. However, cross-linked polystyrene sulfonate just like 

thedope of the guanidine curveat 300 mM is the Versa-Tl we studied. The total solid 
- -  - 

considerably higher than that of the lysine content ofDowex 50 and similar resins are in 

curve. Thus a n e  may safely conclude that rhe 40% to 50% range and are higher than the 

more than 69% of the "invisible" fia- is in the highest concentration of Na PSS we studied 

direct-contact adsorbed state in the PSS (k., 357& see Figure I). Therefore we have 

solutioa M e  doubt that vinually all Ka' in a Doupex- 
50 resin exists in a close-contact adsorbed 
form. 

DlSCUSSION These findings therefore disprove Gregor's 
tneory of total counterion dissociation in 

The results of our investigation left no sulfonate ion exchange resin and confirm the 
doubt that the bulk of N d i n  a solmion o i  Na prediction of the A1 hypothesis. 
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As mentioned earlier, the present finding In the fifries, Jardetsky (1956) and Jardet- 
that the counterions in Dowex 50 as well as sky and Wertz (1956% b) studied Na* com- 
other types of ion exchange m i n s  are in an plexing in various solutions and other 
adsorbed state offers simple explanations for systems includ~ng the sulfonate ion exchange 
much of the characteristics of ion exchange resins, Dowex 50. They found that only 
resin propenies that Gregor's theory could about half of the Na* in Dowex 50 resin was 
not explain, including the much higher pre- NMR-visible. They s u g s t e d  that there are 
ference for Ag' and TI* over Cs* and other two fractions of Ka' in the resin: one is free 
monovalent cations of equal size (Helfferich, and is NMR visible, the other is adsorbed 
1962) and the diametrically opposite selenive and is KMR invisible. Accepting this logic, 
preference of Na' vs. K' when the functional Cope (1967) studied Na' NMR of living 
proups differ. preference for K* over Na* in tissues, arriving at the conclusion that much 
sulfonate resins; preference for Na* over K' of the Na' in living tissues exists in an 
in phosphoric  and carboxylic resins. adsorbed state. Later Ling and Cope (1969) 
(Bregman, 1953). The model presented by the measured the Na' NMR of frog muscle 
AI hypothesis also offers an explanation why whose K' had been replaced stoichiomctric- 
in m i n s  bearing the same functional goups  ally by Na*. They also used the same assump 
(nuclear sulfonate), an increase of the per- tion of Jardetsky and Wcrtz, and concluded 
a n t a g e  of the cross-linking agent DVB, that muscle K-is in an adsorbed state. Many 
causes a 'selectivity reversalw from preferring other studies of a similar type rapidly 
K' over Na' to one favoring Na* over K' followed (see Ling, 1984) until in 1972 this 

- - - - (Ruchenbag, 1951, 1955; Bregman, 1953), a trend was abruptly brought to- a stop by 
finding that cannot be explained by Grcgork Berendsen and Edzs (1973). 
theory (see Hellferich, 1962, p. 159). This o b  Berendsen and Bzes  (1973) pointed out 
servauon a- with the theoretically d c u -  that the disappearance of part of the Na' 
lared relations between the electron density a t  signal is not due t o  panial binding, but 
the acidic g o u p  (i-e., the c-value) and the reflects a 40-60 splhing of the Na* signal 
reTatTve adsorptiorrzneqiks-of K f d  K- when the Na' nuclei (which have a quadru- 
with the assumption that incorporation- of polarmoment) is in an electric field gradient 
DVB changes this electron density -(see They then postulated that the e l d c  field 
Rcichenberg, 1966; also Lmg, 1981). gradient in living a l l s i s  a diffuse one, spread 

-- The wnclnsion derived from the present over domains of 100 A or wider. T o ~ u p p o r t  
studies also reaffirms theparallel seen thiny theirview, they showed t h i n  der iorzted 
years ago between the mechanism of selective muscle (deteriorated to such an extent that 
K* accumulation in ion-exchange resins and "it smel1ed")d in Dowex 50 ion exchange 
in living cells (Ling, 1952, 1962, 1983). It is resin charged with Na*, theNaA signals show 
now firmly established that K* in living a similar 40-60 splitting as well as other 
muscle cells also exists in an adsorbed state, characteristics. They based their argument on 
by three laboratories using a total of four the assumption that all Na- in Dowex 50 
independent methods: autoradiography resin exists in afree-form, much as the widely 
(Ling, 1977, Edelmann, 1980); transmission knoun t h e o p  of Gregor had predic~ed. They 
electron microscopy (Edelmann, 1977); dis- did not explain how a diffuse gradient over a 
persive x-ray microprobe analysis (Edel- span  of 100 A can be penerated in Dowex 
mann, 1978; Trombitas and Tigyj-Sebes, 50. Thus with a total anionic site density of 4 
1979); and laser mass spectrometer micro- M in these resins the average charze-to- 
probe analysis (LAMMA) (Edelmann, 1981). charge distance should be closer to 10/(4 X 
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6-04 X 10~')'~ chargeslcm, which is one pnnicular to Ms. Patricia Glearon for her helpfulmss. 

charge every 7.4 A rather than 100 A. 'We also thank Corning Glus Works for their pncrous 
eift of their then rs yet unmarketcd Na'ensitive glass Proof that the of "* in Dowe' 50 is 
elmrode, ~ a r y  ~ r d y  IOT her earlier work on the 

adsorbed shows that the NMR observations rubjea and Jean Brogan for able help in pmparing 
cannot be interpreted on the basis of a diffuse the man-pt investigation war suppod 'by 
electric field gradient. The similarity Berend- Office of Naval R d  Contraa N00014-794126; 

sen and Mzes demonstrated in the NMR NIH Grants 2-ROlCA16301 and 2-ROI-GM11422-13; 

behavior of deteriorating muscle and Dowex and Pennsyl-a Hospiul Suppon 

50 suggests that Na* in the deteriorating 
muscle also existed in an adsorbed state. 
Whether this Na+ was adsorbed on the pro- REFERENCES 

teins of the dead muscle or perhaps even in &readsen. H. J. C, md mzn, H. T., 1973, Am NY 
the bacteria growing in the sample that had ~ e o d  Sci 204:459. 
already produced the bad smell, remains to B r c p q  J. I., 1 9 5 3 , ~ m  N Y ~ c o d .  sci. 57:125. 

be determined. Chmg, D. C. and Womntr, E. D., 1978, 3. M a p  

It is also appropriate to point out that in Resomnac 30.1 85. 
Cope, F. W, 1967.3. G m  Ph-wioL 50:1353. 

1978 Chmg and Woessner -he' the '0'- 
1977, phwol. phys. 9:313. 

clusiOn pmly pounds that Ed- L, 1978, M b o f c  Ann SqpL 2166. 
- the electric field gradient required to product . & i e u L ,  1980, Hinbdvm 67233. 

. -. the- NMR behavior must be a p a t  deal Eddmann, L. 1981. F r m k  t Aml. Chem 308218. - 
- - 

steeper than Berendsen and Edmtnvis@. 
In fact, they arped that a nasonable esti- 
mate gives a gradient over such a short dis- 
tance that it is quite compatible with that of a 
Na' adsorbed on a negatively charged 5-m. 
Lindblom (1971) had reached a similar con- 
clusion, and, Edzes, et al. (1977, p. 733) them- 
selves suggested that the 4040 split of % 
and other nuclei in an e l d c  field gradient 
can be the result of "bindiw-of an ion in a 

- specific site." - 

These more recent developments have fully 
restored our con

fi

dence that NMR study of 
- 

- Xa* and K* remaim an txciting and useful 
approach to understanding the cell physi- 
o l o c  of ions. Past conclusions concerning 
she adsorbed state of Na* in living cells and 

J2b.q EL T., Ginzburg. Cinzburg. B. L, and Bemdwn, 
H. J. C, 19n. Expmmau 33:732 

Grcgor. H. P, 1948, J. A m .  Olem Soc  70:l. 
k g o r ,  H. P, 1951, J. A m r .  Chrnr Soc 733642 
Grcgor, H. P, and Brcgmq  J. L, 1951, J. Con S a  

6323. 
Ranis, F. E, and Rice, S. A 1956, J. Gem Phys. 

24:138. - - 
Hdffench, F, 1962, ion Exchange Equilibria. McGraw 

Hill, Eiw York 
Jardersky, 0.. 1956, A Study of l n u ~ o n  of Aqueous 

Sodium lon by h c h r  Spin Rapoase, Pn.D. 
Thais, U n i v d q  of Minnaow Mjnncapolrs. 

Jardetsky, 0.. and W e w  J. E., 1956q Arch Biodum. 
B~ophys. 65569. 

Jerdetcky, 0.. Wem, J. Z, 1956b, Amer. % Ph.vsiol. 
187fl8. 

Lindblom, G, 1971. Ana Chm S d  252767- 
Ling. G .  N.. 1952, in Phosphorour Metabolrn (VoL I T ) ,  

(McElroy. W. D.. and Glass, B., eds.) The Johns ., 
model systems derived from NMR studies by Hopkins University Prw,  Balrimorc. 

Ling, G. N., 1962. A Physical X o r y  of rhe ,king Srare: Cope and others are qualitatively quite 
The Associarion-Induction Hyporhcsir. Blaisdcll, 

correct even though quantitatively, the waltham. 
amount of adsorbed Ka* might have been b& G. N., 1977, P ~ . ~ ~ o I .  G e m  P~.VS. 9:3 19. 
underestimated (see Ling, 1984). Ling, G. K, 1981, PhysioL Chem Phys W. 

Ling, G. K., 1984, In Search o j  rhe Ph.vsical Basis of 
Ljfe, Plenum Publishing Corporation. New Y ork. 

We are most indebted to the Xational Smrch an& L;irrg, G. N., and Cope, F. U'., 1969, Science 163:1335. 
Chemical Company for their generous gifts of Versa-TI Ling, G. N., and Ochscnfeld, M. M., 1966, J. Gen. 
and other hiphly valuable experimental samples and in Ph.vsiol. 49:819. 



-. . 
G. N. LING and Z. L. ZHANG .' 

Reichmberg, D. K., 1966, in Ion Exchon~c. A Series o/ Reicbenberg, D. K.. Pepper. W., and McGuiey, D. J., 

Advanm. (Mrrinrky, J .  k, td.), Vol. 1, p. 227, 1951, 1. Chem. k. 493. 

.Marcel Dciiker, Kew York. Trombim, C., and Tigyi-Sebes, k, 1979, Acru Phvsiol. 

Reichenberg, D. K., and McCauley, D. J., 1955, J. Acod. Sci Hung. .14:271. 

Uum Sor 2741. . . 
(Received in r~ i tedform Stprember 23.1983.) 


