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FACTORS THAT INFLUENCE MOBILITY, 
RESOLUTION, AND SELECTIVITY IN 

CAPILLARY ZONE ELECTROPHORESIS. 111. 
THE ROLE OF THE BUFFERS' ANION 

IBRAHIM Z. ATAMNA, CLIMACO J. METRAL, 
G A R Y  M. MUSCHIK,  A N D  HALEEM J. ISSAQ' 

Program Resources, Inc. 

P. 0. Box B 
Frederick, Maryland 21701 

NCI-FCRDC 

ABSTRACT 

A study o f  t he  anion o f  the  b u f f e r  and i t s  e f f e c t  on e lec t roosmot ic  
flow, m o b i l i t y  t imes, reso lu t i on  and s e l e c t i v i t y  was undertaken. The anions 
selected acetate, borate, phosphate, c i t r a t e ,  carbonate, n i t r a t e  and n i t r i t e ,  
gave w ide ly  d i f f e r e n t  cur ren ts  a t  the  same app l ied  v o l t a  e (20 kV). Carbonate 
produced the  lowest cur ren t ,  wh i l e  c i t r a t e  produced the  { ighes t  cu r ren t  
Also, i t  was found t h a t  t he  anion used in f luences  no t  on l y  e lec t roosmot ic  f l ow  
and m o b i l i t y  t imes bu t  the  reso lu t i on  and s e l e c t i v i t y  o f  e i  h t  dansylated 
amino acids. I t i s  hereby recommended t h a t  more a t t e n t i o n  %e pa id  t o  the  
se lec t i on  o f  a bu f fe r .  

INTRODUCTION 
M o b i l i t y  t imes ( t M )  o f  charged solutes i n  c a p i l l a r y  zone e lec t rophores is  

(CZE) are a funct ion of the  column chemistry, mobi le phase composition, pH, 

i o n i c  strength,  temperature, add i t i ves  ..... etc.  (1-3). L i t t l e  a t t e n t i o n  has 

been pa id  t o  the  e f f e c t s  o f  b u f f e r  composition. 

s tud ied  a ser ies  of f ou r  potassium s a l t s  (KC1, KNO,, KBr and K,SO,) t o  see 

Green and Jorgenson (4) 

*Author t o  whom correspondence should be addressed. 
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what e f fec t  t he  anion would have on t h e  capac i ty  f a c t o r  (k') o f  p ro te ins .  

They concluded t h a t  when these s a l t s  were used as b u f f e r  add i t i ves  a t  h igh  

concentrations, they y ie lded  equivalent k' values, suggesting t h a t  under t h e i r  

experimental cond i t ions  the  anion does no t  have a measurable e f f e c t  on k'. 

Van Orman, e t  a1 (5) determined " t h a t  b u f f e r  composition i s  o f  a l i t t l e  

importance, wh i le  i o n i c  s t rength  i s  a pr imary f a c t o r  i n  the  e lec t roosmot ic  

f low." 

on t,, pe,, reso lu t i on  and s e l e c t i v i t y ,  i t  was found t h a t  t he  na ture  o f  t h e  

b u f f e r  and i t s  concentrat ion in f luences  both p,, and t, (6,7). 

the t, obtained f o r  a t e s t  mix tu re  o f  dansylated amino acids d i f f e r e d  g r e a t l y  

depending on whether a monohydrogen o r  dihydrogen phosphate b u f f e r  having the  

same m o l a r i t y  and pH was used (6). Also, i t  was found t h a t  t he  b u f f e r ' s  

ca t ion  had an e f f e c t  on pe, and t,. For example, p,, o f  the  markers benzene, 

guanosine and mes i ty lox ide  i n  a l i t h i u m  acetate s o l u t i o n  d i f f e r e d  by about 37% 

from t h a t  i n  cesium acetate so lu t i on  having the  same concent ra t ion  and pH (7). 

I n  two recent inves t iga t ions  o f  the  r o l e  o f  the  b u f f e r  and i t s  e f f e c t  

For example, 

The ob jec t i ve  o f  the  present research was t o  i nves t i ga te  the  in f luence 

o f  the b u f f e r  anion on pea, t,, reso lu t i on  and s e l e c t i v i t y  employing the  most 

commonly used bu f fe rs  i n  electrophoresis.  Since t h e  h igher  the  app l ied  

vol tage the  grea ter  t he  reso lu t i on  i n  CZE, one o f  our ob jec t i ves  was t o  

i d e n t i f y  the  b u f f e r  which would g i ve  the  lowest cu r ren t  a t  the  same app l ied  

vol tage under constant experimental cond i t ions .  

EXPERIMENTAL 

Mater ia ls :  

The dansyl amino acids used i n  t h i s  study were purchased from Sigma, and 

used w i thout  f u r t h e r  p u r i f i c a t i o n .  

from Johnson Matthey Alpha Products, Danvers, MA. Mes i t y l  oxide was purchased 

from A ldr ich .  The s a l t  so lu t ions  (0.05 M) were prepared by p rec i se l y  weighing 

on an ana ly t i ca l  balance the  appropr iate s a l t  and d i sso l v ing  i t  i n  d i s t i l l e d  

deionized water i n  a volumetr ic f l ask .  

t i t r a t i n g  w i t h  the  corresponding acid.  

The sodium s a l t s  and acids were purchased 

The requ i red  pH was achieved by 
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ADDaratUS and Methods: 

The ana ly t i ca l  balance (Model XA2000S) and the  pH meter (Model Accumet 

750) were purchased from Fisher.  

w i t h  a UV detector,  an automatic i n j e c t o r ,  a column c a r t r i d g e  (50 cm x 75 pm 

i .d., surrounded by coolant) ,  an autosampler and a p r i n t e r  was used. A l l  

experiments were c a r r i e d  out a t  25°C using the  constant vo l tage mode (20 kV). 

I n j e c t i o n s  were c a r r i e d  out by the  pressure mode f o r  3 seconds. Solutes were 

monitored a t  254 nm. 

A Beckman CZE system (Model P/ACE) equipped 

RESULTS AND DISCUSSION 

The ob jec t ives  o f  t h i s  study were (a) t o  see i f  the  bu f fe rs ’  anion has 

any e f f e c t  on p,,, s e l e c t i v i t y ,  t, and reso lu t i on ;  and (b) t o  f i n d  out which 

s a l t  (bu f fe r )  would g i ve  the lowest cur ren t  a t  an app l ied  vol tage. 

p o i n t  i s  very important f o r  two reasons: (1) t h e  h igher  the  app l ied  vol tage, 

the  h igher  the  reso lu t i on ;  and (2)  the  heat generated i n s i d e  t h e  fused s i l i c a  

c a p i l l a r y  i s  d i r e c t l y  p ropor t iona l  t o  the  square o f  the  cur ren t :  

The l a t t e r  

W = I V  = 12R 

where W i s  the  power, V i s  the  voltage, I i s  t he  cu r ren t  and R i s  t he  

resistance. 

The seven sodium s a l t s  selected f o r  t h i s  study along wi th t h e i r  pH (0.05 

M so lu t i on )  and r e s u l t i n g  current,  a t  an app l ied  vo l tage o f  20 kV, are  l i s t e d  

i n  t a b l e  1. 

most ly i n  the  bas ic  range and can be adjusted t o  pH 8 w i t h  t h e  corresponding 

acid.  

base would have t o  be used which w i l l  a l t e r  t he  concent ra t ion  o f  t h e  sodium 

i o n  i n  so lu t i on  and would lead t o  erroneous r e s u l t s  (7).  

a t  20 kV appl ied vo l tage the  r e s u l t i n g  cur ren t  va r ies  w ide ly  depending on t h e  

anion used. Sodium c i t r a t e  produced a cur ren t  which i s  3.6 t imes l a r g e r  than 

t h a t  produced by sodium hydrogen carbonate having the  same concentrat ion.  

This means t h a t  the  power produced by using sodium c i t r a t e  i s  approximately 

The unadjusted pH (column 2, t a b l e  1) o f  t he  s a l t  so lu t i ons  i s  

Both sodium n i t r a t e  and n i t r i t e  were no t  adjusted t o  pH 8 because a 

Table 1 shows t h a t  
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3204 ATAMNA ET AL. 

Measured Current 

Sa l t  Compound PH Current (pAmps) adjusted t o  pH-8 

Sodium Acetate 8.0 74.5 74.0 

Sod i um 9 .3  137.4 118.0 
Tetra bora t e 
Sodium C i t r a t e  8 . 9  246.5 243.3 

Sodium Phosphate 8 . 8  162.0 160.7 
D i  basic 
Sodi um Hydrogen 8.7 69.0 77.3 
Carbonate 
Sodium N i t r a t e  6.4 121.0 

Sodium N i t r i t e  6 .9  107.0 

Measured Measured f o r  t he  so lu t i ons  
Measured Current 
f o r  t he  so lut ions 
adjusted t o  pH=6 

72.5 

102.6 

244.0 

139.2 

Tab le  2. Measured p,, i n  t h e  f i v e  sodium b u f f e r s  (0.05 M, pH 8) 

B u f f e r  

?05cmz/~s 

Phosphate Ace ta te  C i t r a t e  B ica rbona te  T e t r a b o r a t e  

49.7 49.0 47.7 51 .8  41 .2  

3.6 t imes  l a r g e r  t h a n  t h a t  produced by sodium hydrogen ca rbona te  o r  sodium 

ace ta te .  T h i s  a l s o  means t h a t  t h e  hea t  generated by t h e  c i t r a t e  b u f f e r  i s  

much l a r g e r  than  t h a t  generated by t h e  o t h e r  two. Sodium phosphate b u f f e r ,  

one o f  t h e  most p o p u l a r  b u f f e r s  f o r  t h e  s e p a r a t i o n  o f  b i o l o g i c a l  compounds, 

produces a c u r r e n t  which i s  t w i c e  as h i g h  as t h a t  o f  sodium ace ta te .  

pH o f  t hese  sodium s a l t  s o l u t i o n s  was a d j u s t e d  t o  8, t h e r e  was l i t t l e  o r  no 

change i n  t h e  c u r r e n t  produced (compare columns 3 and 4,  t a b l e  1) excep t  i n  

t h e  case o f  sodium t e t r a b o r a t e  because t h e  pH was a d j u s t e d  f rom pH 9.25 t o  8. 

T h i s  t e l l s  us t h a t  s l i g h t  ad justments i n  pH ( l e s s  t h a n  one pH u n i t )  may n o t  

a f f e c t  d r a s t i c a l l y  t h e  c u r r e n t  produced. 

changes i n  c u r r e n t  were observed f o r  sodium t e t r a b o r a t e  and sodium phosphate 

When t h e  

When t h e  pH was a d j u s t e d  t o  6, 
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Table 3.  M o b i l i t y  times of e i  h t  dansylated amino acids i n  f i v e  d i f f e r e n t  
sodium hosphate bufaers having the  same concentrat ion (0.05M) and 
pH ( 8 . 0 ! ,  a t  an appl ied voltage o f  20 kV 

m 

w h) 

8 
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Table 4 .  Separation f a c t o r  ( a )  values f o r  e i g h t  dansylated 
amino acids i n  f i v e  sodium bu f fe rs  (0.05 M, pH 8) 
a t  an appl ied vol tage o f  20 kV D
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0 0 .-, 9 D 

"7 

T i m e  ( m i n . )  

Figure 1: Electropherogram o f  eight dansyl amino acids. Capillary: 50 cm 
lon 75 pn i.d.; 0.05 M sodium citrate, pH.= 8; ap lied volta e 
20 ih; temperature constant at 25'C, detection at 2!4 nm. Pea! 
assignment from left to right: Dans-Arginine, Dans-Lysine, Dans- 
T rosine, Dans-Methionine, Dans-Alanine, Dans-Cystine, Dans- 
Gyutamic Acid and Dans-Cysteic Acid. 

but not for sodium acetate or sodium citrate. The above results show that the 

current produced is affected by the anion used. 

Effect of buffer anion on electroosmotic flow: 

Mesityloxide was used to measure peo in the five selected sodium 
buffers. The results are given in table 2. 
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3208 ATAMNA ET AL. 

Time (min.)  

Figure 2: Same as i n  Figure 1 except t h a t  0.05 M sodium phosphate so lu t i on  
a t  pH = 8 was used. The e l u t i o n  order o f  the  amino acids i s  the  
same as i n  Figure 1. 

The r e s u l t s  show t h a t  l ess  than a 10% change i n  p,, was observed f o r  t he  

phosphate, acetate, c i t r a t e  and bicarbonate but p,, i n  t e t rabo ra te  d i f f e r e d  by 

over 20% from the  o ther  fou r  bu f fe rs  having the  same concent ra t ion  and pH. 

E f fec t  o f  b u f f e r  anion on mob i l i t y .  reso lu t i on  and s e l e c t i v i t y :  

E igh t  dansylated amino acids were selected t o  study the  e f f e c t  o f  b u f f e r  

anion on t,, R, and s e l e c t i v i t y .  The e igh t  amino acids and t,’s obtained i n  
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0.05 M, pH 8.0, sodium phosphate, acetate, c i t r a t e ,  b icarbonate and 

te t rabo ra te  are l i s t e d  i n  tab le  3 .  Examination o f  t h i s  t a b l e  shows t h a t  

d i f fe rences  i n  t, are  observed from b u f f e r  t o  bu f fe r .  For example, dans- 

cys te i c  acid, which e lu ted  l a s t  i n  each bu f fe r ,  has a d i f f e rence  o f  over 50% 

i n  t,. 

The lowest t, was obtained i n  sodium bicarbonate ( l a r g e s t  peJ, wh i le  

the  longest was i n  sodium te t rabora te  (lowest peJ.  

and l y s i n e  coeluted i n  sodium acetate bu t  were w e l l  resolved i n  sodium 

c i t r a t e .  

i n  the  f i v e  sodium bu f fe rs .  

each p a i r  was no t  r e a l i z e d  i n  one s p e c i f i c  b u f f e r  bu t  i n  more than one b u f f e r .  

Overal l  sodium c i t r a t e  gave the best a values, wh i l e  sodium bicarbonate gave 

the  worst  a values. 

(a rg in ine- lys ine ,  a lan ine-cys t ine) ,  and others were resolved equa l l y  we l l  i n  

a l l  of the  bu f fe rs  (methionine-alanine). This i nd i ca tes  t h a t  d i f f e rences  i n  

s e l e c t i v i t i e s  e x i s t  which means t h a t  the  b u f f e r  anion a f f e c t s  s e l e c t i v i t y  

under the  present experimental cond i t ions .  

electropherograms o f  the  dansylated amino acids i n  c i t r a t e  and phosphate 

bu f fe rs .  

Also, dansylated a rg in ine  

Table 4 l i s t s  the  separat ion fac to rs  ( a )  f o r  t h e  e i g h t  amino acids 

The t a b l e  shows t h a t  the  optimum separat ion f o r  

Also, some p a i r s  were resolved b e t t e r  i n  one b u f f e r  

Figures 1 and 2 are  

ComDarison o f  m o b i l i t y  and s e l e c t i v i t v  a t  DH 8 and 6 :  

Analysis o f  the  e igh t  dansylated amino ac id  t e s t  mix tu re  i n  f o u r  o f  the  

bu f fe rs  (acetate, biocarbonate, c i t r a t e  and phosphate) a t  pH 6 revealed t h a t  

the  order o f  e l u t i o n  d i d  not change from t h a t  a t  pH 8 (no peak crossover) .  

However, there was a change i n  t, due t o  the  ac id i c  bu f fe r .  

the  sodium c i t r a t e  b u f f e r  (0.05 M; pH 6) s i x  o f  t he  amino acids e lu ted  a t  

longer times than a t  pH 8, wh i le  dansylated glutamic and cys te i c  acids d i d  no t  

e l u t e  a f t e r  99.9 min. 

For example, i n  

CONCLUSION 

The r e s u l t s  o f  t h i s  study c l e a r l y  show t h a t  t he  bu f fe rs ’  anion 

in f luences  no t  on ly  electroosmotic f low and m o b i l i t y  t imes bu t  a l so  

reso lu t i on ,  s e l e c t i v i t y ,  and the  power produced a t  an app l ied  vol tage. 
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Therefore, attention should be paid to the selection of the buffer, in order 
to produce optimum results and generate minimum heat. 
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