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FACTORS THAT INFLUENCE MOBILITY, 
RESOLUTION, AND SELECTIVITY IN 

CAPILLARY ZONE ELECTROPHORESIS. 
I. SODIUM PHOSPHATE VS. 
POTASSIUM PHOSPHATE 

H A L E E M  J. ISSAQ', I B R A H I M  Z. A T A M N A ,  
CLIMACO J. METRAL,  A N D  G A R Y  M. M U S C H I K  

Program Resources. Inc. 

P .  0. Box B 
Frederick, Maryland 21701 

NCI-FCR F 

ABSTRACT 

The e f f e c t  o f  b u f f e r  type on mob i l i t y ,  s e l e c t i v i t y  and r e s o l u t i o n  i n  
c a p i l l a r y  zone e lec t rophores is  (CZE) was studied. 
sodium phosphate b u f f e r  gave shor te r  m o b i l i t y  t imes (t,) f o r  a t e s t  dansyl 
amino ac id  mix tu re  than the potassium phosphate b u f f e r  having t h e  same 
concentrat ion and pH. The reso lu t i on  and s e l e c t i v c i t y  were a lso  b e t t e r  u s i n g  
the sodium phosphate bu f fe r .  
using a monohydrogen and a dihydrogen sodium phosphate b u f f e r  (0.1 M, pH 7 . 0 )  
showed no appreciable d i f fe rences  i n  s e l e c t i v i t y  and reso lu t i on ,  but the  
dihydrogen phosphate b u f f e r  gave t, which are almost 45% shor te r  than those 
obtained w i t h  the  monohydrogen phosphate bu f fe r .  
dihydrogen potassium phosphate (0.1 M, pH 7 )  were used, d i f f e rences  i n  t,, 
s e l e c t i v i t y  and reso lu t i on  were observed. 

Resolut ion improved w i t h  an increase i n  the  b u f f e r  concent ra t ion  (0.2 M 
vs. 0.1 M) bu t  worsened and t, got  considerably sho r te r  when the  concent ra t ion  
o f  the  b u f f e r  was decreased from 0.1 M t o  0.05 M. 

The r e s u l t s  show t h a t  the  

A comparison o f  reso lu t i on ,  t, and s e l e c t i v i t y  

When monohydrogen and 

*Author t o  whom correspondence should be addressed. 
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JNTRODUCTION 

Andrews i n  the  i n t roduc t i on  t o  h i s  book on e lec t rophores is  wrote 

"Electrophoresis has evolved w i t h i n  the  l a s t  t h i r t y  years from a general l o w  

reso lu t i on  method o f  r e l a t i v e l y  l i m i t e d  app l i ca t i on  i n t o  a wide v a r i e t y  o f  

ana ly t i ca l  and small scale p repara t ive  techniques o f  u n r i v a l l e d  reso lv ing  

power and except ional  v e r s a t i l i t y .  

explosion i n  t h e i r  use espec ia l l y  i n  the  f i e l d  o f  biochemical research. 

Methods are being cons tan t ly  improved and modif ied,  new v a r i a t i o n s  introduced 

and new equipment b u i l t  and y e t  new areas o f  e x p l o i t a t i o n  opened up" (1) .  

This i s  espec ia l l y  t r u e  today where one o f  these, C a p i l l a r y  Zone 

Electrophoresis (CZE), i s  emerging as a powerful a n a l y t i c a l  technique. 

Jorgenson and Lukacs (2 )  introduced CZE as a sens i t i ve  mic roana ly t i ca l  t o o l .  

Since then many instruments have been introduced and research papers and 

reviews have been publ ished (3-7). 

t h e i r  a b i l i t y  t o  migrate i n  an e l e c t r i c  f i e l d  g rad ien t  i n s i d e  a fused s i l i c a  

c a p i l l a r y  o f  100 pm o r  less .  

- genera l l y  an aqueous b u f f e r  so lu t i on  - i s  used t o  es tab l i sh  an e l e c t r i c  

f i e l d  i ns ide  the c a p i l l a r y  and an energy exchange i s  es tab l i shed between the 

e l e c t r i c  f i e l d  and the  l i q u i d  medium v i a  the charged species present.  

t h a t  a f f e c t  reso lu t i on  and m o b i l i t y  (migrat ion) o f  analytes inc lude 

electroosmotic flow, appl ied voltage, the  pH, type and concentrat ion of the 

bu f fe r ,  i o n i c  strength,  and o ther  b u f f e r  mod i f i ca t ions  and c a p i l l a r y  column 

treatment. 

o f  separat ion but a lso  the m o b i l i t y  t imes o f  the  analytes.  

These q u a l i t i e s  have resu l ted  i n  a v i r t u a l  

I n  CZE compounds are resolved according t o  

I n  i t s  most common mode a semiconducting l i q u i d  

Factors 

A l t e r i n g  any o f  these parameters may a f f e c t  no t  on l y  the  q u a l i t y  

I n  t h i s  ser ies  o f  research studies we w i l l  r epo r t  our f i nd ings  on 

parameters t h a t  in f luence no t  on ly  m o b i l i t y  bu t  r e s o l u t i o n  and s e l e c t i v i t y .  

Some o f  these parameters have been studied (2 ,4 ,8 )  and t h e i r  e f f e c t  i s  known, 

others have no t .  

The e f f e c t  o f  b u f f e r  type and composition w i l l  be s tud ied  f i r s t .  The 

study w i l l  be d i v ided  i n t o  d i f f e r e n t  t op i cs  which w i l l  attempt t o  answer the 

f o l  1 owing questions : 
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CAPILLARY ZONE ELECTROPHORESIS. I 1249 

1. Does the b u f f e r  type p lay  a r o l e  i n  determining (a) t,, (b) ana lys is  

time, (c)  reso lu t i on  and (d) s e l e c t i v i t y .  What i n f l uence  does the  anion 

o r  the  ca t i on  o f  the b u f f e r  have on a, b, c or d; 

2 .  What e f f e c t  the  ca t i on  type and charge have on a, b, c and d; 

3 .  What e f f e c t  does the b u f f e r  type have on the  cu r ren t  a t  t he  constant 

app l ied  e l e c t r i c  f i e l d ;  and f i n a l l y  

4 .  What i s  the  r e l a t i o n  between e l e c t r i c  f i e l d  s t rength ,  cu r ren t ,  

reso lu t i on  and t, using d i f f e r e n t  b u f f e r  types. 

The above questions and others need t o  be answered be fore  t h e  ana lys t  

Opt imizat ion i n  CZE i s  de f ined as employing can opt imize a CZE separation. 

the m i ldes t  cond i t ions  (bu f fe r  type, pH, concentrat ion,  temperature and 

appl ied e l e c t r i c  f i e l d )  t o  achieve base l ine  separat ion o f  a l l  the  so lu tes  i n  a 

m ix tu re  i n  the  shor tes t  t ime. 

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 .  Sodium and potassium mono and dihydrogen 

phosphate bu f fe rs ,  phosphoric acid, potassium hydroxide and sodium hydroxide 

were purchased from Fisher S c i e n t i f i c .  

weighing on an ana ly t i ca l  balance t h e  appropr iate s a l t  and d i s s o l v i n g  i t  i n  

d i s t i l l e d  deionized water i n  a volumetr ic f l ask .  

using phosphoric acid, sodium hydroxide o r  potassium hydroxide as requ i red .  

Buf fe rs  were prepared by exac t l y  

The pH was adjusted t o  pH 7 

ADDaratUS and Methods: 

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

750) were purchased from Fisher.  A Beckman CZE system (Model P/ACE) equipped 

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

i.d., surrounded by coolant and sampler and a p r i n t e r  was used. 

experiments were c a r r i e d  out a t  20'C using the  constant cu r ren t  mode 100 PA. 

A l l  
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1250 ISSAQ ET AL.  

I n jec t i ons  were ca r r i ed  out by the  pressure mode f o r  3 seconds. 

monitored a t  254 nm. 

r e p r o d u c i b i l i t y .  

two d i f f e r e n t  constant cu r ren t  se t t ings .  

study because a p l o t  o f  cur ren t  versus l/t, gave a l i n e a r  re la t i onsh ip ,  wh i l e  

appl ied vo l tage vs l/t, d i d  no t .  

Solutes were 

A l l  experiments were run  i n  dup l i ca tes  t o  insure  

Also, two d i f f e r e n t  column ca r t r i dges  (Beckman) w e r e  used a t  

Constant cu r ren t  was used i n  t h i s  

This w i l l  be discussed l a t e r .  

PISCUSSION 

The use o f  phosphate b u f f e r  i n  CZE i s  very popular. However, i n  many 

published l i t e r a t u r e  repor ts  i t s  use i s  casual and r e f e r r e d  t o  as "phosphate 

bu f fe r " ,  w i thout  t ak ing  i n t o  considerat ion the  e f f e c t  o f  the  ca t i on .  

p re l im inary  studies o f  sodium phosphate vs. potassium phosphate, i t  was 

rea l i zed  t h a t  d i f fe rences  were observed i n  reso lu t i on ,  m o b i l i t y  and 

s e l e c t i v i t y  o f  a t e s t  mix tu re  o f  dansyl amino acids, under the  same 

experimental cond i t ions .  

sodium and potassium phosphate bu f fe rs .  

I n  

This prompted us t o  study the  i n f l uence  o f  both 

The ana lys t  can prepare a sodium o r  potassium phosphate b u f f e r  from 

e i t h e r  monohydrogen o r  dihydrogen phosphate by t i t r a t i n g  w i t h  an ac id  o r  a 

base t o  achieve the  requ i red  pH. 

bu f fe rs  used i n  t h i s  study w i thout  and w i t h  the  a d d i t i o n  o f  ac id  o r  base t o  

achieve pH 7 .  

Table 1 l i s t s  the  pH values o f  the  fou r  

I t was decided, based on pre l im inary  r e s u l t s  t o  see what e f f e c t  each o f  

the above fou r  b u f f e r  so lu t ions  would have on the  m o b i l i t y ,  r e s o l u t i o n  and 

Table 1. Buf fe rs  used i n  t h i s  study 

B u f f e r  a 
NaH PO, 4.23 

K,I!PO, 9.40 

Na,I!PO, 9.00 
KH PO, 4.17 

pH Adjusted t o  
7.0 w i t h  

NaOH 

KIo4 
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CAPILLARY ZONE ELECTROPHORESIS. I 1251 

0 
0 0 

- 0  

0 

I 

F igure 1. Electropherograrn of n ine  dansyl amino acids.  
long, 75 /m i.d.; b u f f e r  0.1 M NaH,PO,, pH 7.0; i n j e c t i o n  0.5 p s i  
f o r  3 sec; app l ied  cu r ren t  100 pA: temperature constant a t  2 0 " ~  
de tec t i on  a t  254 nm. 
a rg i  n i  ne, 1 euci ne, pro1 i ne, rnethi oni  ne, a1 ani  ne, cys t i ne ,  g l  utami c 
acid, aspar t i c  ac id  and cys te i c  acid.  

Cap i l l a ry :  50 cm 

Peak assignment from l e f t  t o  r i g h t :  

Table 2. Operating CZE parameters 

Conc Current E l e c t r i c  f i e l d  
Bu f fe r  &I m __IIIA) (kV)  

Na HPO, 7.0 0.1 100 
Nak PO, 7.0 0.1 100 
K H%O, 7.0 0.1 100 
Kk2P0, 7.0 0.1 100 

9.52 
10.88 
7.40 
9.31 
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D 
0 

- 0  0 

0 

0 D 

0 - 0 
0 0 
0 

D 0 - - 
Figure 2. Same as f i g u r e  1, except 0.1 M Na,HPO, b u f f e r  s o l u t i o n  was used. 

s e l e c t i v i t y  o f  a mix tu re  o f  n ine  dansyl amino acids.  

operat ing parameters used i n  t h i s  study. 

Table 2 l i s t s  the  

Na,HPO< vs. NaH,PO,: 

When a 0.1 M, pH 7 so lu t i on  o f  t he  two b u f f e r s  was used, the  r e s u l t s  

ind ica ted  t h a t  although the  order o f  e l u t i o n  o f  the  n ine  amino acids was the 

same i n  both bu f fe rs  the  m o b i l i t y  t ime o f  the  l a s t  peak was much shor te r ,  45 

min (NaH,PO,) vs. 80 min (Na,HPO,) w i thout  any appreciable l o s s  i n  r e s o l u t i o n  

(Figures 1 and 2). Ca lcu la t i on  o f  Q (separat ion f a c t o r )  values gave 
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0 
0 0 

9 i 0 

Figure 3 .  Same as f i g u r e  1, except 0.05 M Na,HPO, b u f f e r  s o l u t i o n  was used. 

comparable r e s u l t s  (1.06 and 1.07 vs. 1.08 and 1.10) f o r  t he  l a s t  t h ree  peaks 

i n  the  electropherogram. When 0.05 M Na,HPO, was used i n  p lace  o f  0.1 M 

Na2HP0, the  r e t e n t i o n  times o f  the  cys te i c  amino ac id  ( l a s t  peak i n  the  

electropherograms) (Figures 2 and 3 )  the  t, was 16 min (Figure 3 )  vs. 80 min 

(F igure  2), however, there  was some loss o f  reso lu t i on .  Th is  i s  ev ident  from 

comparing the  fou r  peaks i n  the  beginning o f  the  electropherogram. 

values o f  t he  l a s t  t h ree  peaks i s  1.08 and 1.10 ( f o r  0.1 M) compared t o  1.04 

and 1.04 ( f o r  0.05 M ) ,  which are base l ine  resolved i n  both cases. 

The a 

0.1 M NaH,Q vs. 0.05 M N a , U :  

A comparison o f  t, using 0.1 M NaH,PO, and 0.1 M Na,HPO, (F igures  1 and 

2) revea ls  t h a t  t, i s  d i f f e r e n t  i n  each b u f f e r  s o l u t i o n  al though the  pH o f  
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D D P D 
0 0 0 

0 e. 
< - 0 D 

D O  

0 

0 0  . .  
- 0  - -  0 

Figure 4. Same as f igure  1, except 0.1 M K,HPO, b u f f e r  s o l u t i o n  was used. 

both was the  same. 

acid o r  sodium hydroxide so lu t i on  but the  amounts added t o  ad jus t  the  pH were 

minimal and doubt fu l  t h a t  they changed the i o n i c  s t rength  o r  v i s c o s i t y  by an 

appreciable amount t o  account f o r  the  45% change i n  t,. 

decided t o  reduce the number o f  sodium ions i n  Na,HPO, t o  equal t h a t  i n  

NaH,PO,. This was achieved by d i l u t i n g  Na,HPO, s o l u t i o n  w i t h  water (1:l v/v).  

This w i l l  change the  v i s c o s i t y  and i o n i c  strength.  

show a t h r e e - f o l d  change i n  t,, from those us ing  0.1 M NaH,PO, (Figure 1 ) .  We 

r e a l i z e  t h a t  the  v i s c o s i t y  and i o n i c  s t rength  are d i f f e r e n t  f o r  0.05 M Na2HP0, 

than f o r  0.1 M NaH,PO,, both having a pH o f  7 bu t  can they account f o r  such 

changes i n  t,. Further study o f  t h i s  phenomenon i s  underway. 

I t  i s  t r u e  t h a t  the  pH was adjusted w i t h  e i t h e r  phosphoric 

Therefore i t  was 

The r e s u l t s  i n  f i g u r e  3 
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Figure  5. Same as f i g u r e  1, except 0.1 M KH,PO, b u f f e r  s o l u t i o n  was used 

K,HPO, vs. KH,P&: 

Figures 4 and 5 are the electropherograms o f  t he  n ine  dansyl amino acids 

using 0.1 M K,HPO, and 0.1 M KH,PO, respec t ive ly ,  each a t  pH 7.  

i n d i c a t e  t h a t  t, are shor te r  using KH,PO,. Also, t he  s e l e c t i v i t y  and 

r e s o l u t i o n  are d i f f e r e n t  i n  each b u f f e r  judg ing  from the  l a s t  t h ree  peaks i n  

each electropherogram. Again, the  concentrat ion o f  t he  potassium i o n  i n  

K2HP0, was reduced by h a l f  (0.05 M K,HPO,) so t h a t  the  number o f  potassium ions  

i s  equal t o  t h a t  i n  0.1 M KHIPO,. 

r e s o l u t i o n  and m o b i l i t y  (Figure 6). 

The r e s u l t s  

The r e s u l t s  were d i f f e r e n t ,  l o s s  o f  
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F i g u r e  6. Same as f i g u r e  1, except  0.05 M K,HPO, b u f f e r  s o l u t i o n  was used. 

E f f e c t  o f  b u f f e r  c o n c e n t r a t i o n :  

I t  was c l e a r  f rom f i g u r e s  2 and 3, and 5 and 6, t h a t  a decrease i n  

b u f f e r  c o n c e n t r a t i o n  f rom 0.1 M t o  0.05 M a t  t h e  same pH r e s u l t e d  i n  s h o r t e r  

t, and l o s s  o f  r e s o l u t i o n .  However, when t h e  c o n c e n t r a t i o n  o f  t h e  b u f f e r  was 

inc reased  t o  0.2 M a b e t t e r  r e s o l u t i o n  o f  a l l  t h e  components o f  t h e  m i x t u r e  

was r e a l i z e d .  

Sodi um o r  Potassium: 

The q u e s t i o n  t h a t  a r i s e s  f rom t h i s  s tudy  i s  wh ich  phosphate b u f f e r  t o  

use, t h e  sodium o r  t h e  potass ium? A rev iew  o f  t h e  e lec t ropherog rams ,  f i g u r e s  
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r. .-. , 
i 

E 
v 

z 
c 
\ 
c 

0 280 ~- 

0 210.- 

0 140 - 

0 0 7 0  - 

0 6 12 18 24 30 
Voltoge ( K V )  

Figure 7. A p l o t  o f  l/t vs. cu r ren t  f o r  the  marker guanosine i n  0.05 M 
K,HPO,, PH 7.b a t  20-c. 

1 and 5, and 2 and 4, reveals t h a t  d i f fe rences  i n  t, and r e s o l u t i o n  are 

apparent. 

dansyl amino acids (see l a s t  th ree  peaks) and shor te r  t, under the  same 

experimental cond i t ions  (mo lar i t y ,  pH and app l ied  cu r ren t ) .  

gave equ iva len t  reso lu t i on  but sho r te r  t, than when Na,HP04 was used. 

Therefore, 0.1 M NaH,PO,, pH 7 i s  t he  buffer of choice f o r  the  separat ion o f  

the n ine  dansyl amino acids i n  the  t e s t  mixture,  under the  present 

experimental cond i t ions .  

o f  t he  phosphate bu f fe r ,  no e f f o r t  was made t o  op t im ize  the  separat ion o f  the  

nine dansyl amino acids. 

The sodium phosphate b u f f e r  gave much b e t t e r  r e s o l u t i o n  o f  t he  

Fur ther ,  NaH2P04 

Since t h i s  study d e a l t  w i t h  the  e f f e c t  o f  t he  c a t i o n  

Constant cu r ren t  vs. constant e l e c t r i c  f i e l d :  

As mentioned e a r l i e r  a l l  experiments were performed a t  constant cu r ren t  

and no t  constant e l e c t r i c  f i e l d .  Our experimental r e s u l t s  i n  both sodium and 

potassium phosphate bu f fe rs ,  using guanosine as a marker, showed t h a t  a l i n e a r  

r e l a t i o n s h i p  was obtained when l/t, was p l o t t e d  against  cur ren t ,  f i g u r e  7, 
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Figure 8. A p l o t  o f  l/t vs. appl ied e l e c t r i c  f i e l d  f o r  guanosine, i n  0.05 M 
K~HPO,, p~ 7.15 a t  zo'c. 

wh i le  a non l i n e a r  r e l a t i o n s h i p  was obtained when l/t, was p l o t t e d  against  the 

appl ied e l e c t r i c  f i e l d ,  f i g u r e  8. 

e a r l i e r  by Terabe e t  a1 (9) f o r  methanol and Sudan 111. Jorgenson and Lukacs 

(2)  studied the  e f f e c t  o f  app l ied  vo l tage on t,, and repor ted  t h a t  "as 

expected a l i n e a r  r e l a t i o n s h i p  was found when l/t, vs. kV was p l o t t e d . "  The i r  

published f i g u r e  ( f i g u r e  6 i n  r e f .  2 )  ind ica tes  a non l i n e a r  r e l a t i o n s h i p ,  

which agrees w i t h  our resu l ts ,  f i g u r e  8 and those i n  f i g u r e  2, r e f .  9. The 

study o f  the  r e l a t i o n  between t,, app l ied  vol tage, cu r ren t  and b u f f e r  type  i s  

under study and w i l l  be published separately. 

These r e s u l t s  agree w i t h  those publ ished 
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