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Problem . — REVERSED PHase HPLC

A sample mixture with reasonable k' values is eluted with 45% methanol in
water, but the resolution is unsatisfactory. What other solvent mixtures should

be tested? Acceptor
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45

THE .

P;nixture = ,l(pl + PIZ(pZ

Prixture = Picon X @ueon(+ Pusier X @uarers this component is zero)
= 2.6 x°0.45
=117

Acetonitrile—water:

P;nixture 2 117
PacN=— = = 0.37
ANT pien 32

= 37% ACN in water

Tetrahydrofuran—water:

_ leixlure _ 117
P = T 43

= 26% THF in water

=026
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Y/ KPISH TSOKPATIKHS . KA/ BABMIAC THS_ ERNCYEHS

o

®

« AN 5

\/

12 14 16 18 . 20

20% METHANOL 30% 40% 50% 60% 70% 80%

ML R 1 T T 1 T
3 (b)
b e
| > >!“ |
1 3 5 7 9
(t/t))

8-component sample by reverse-phase L.C. Conditions: 20 vol% methanol/water mobile
phase; N = 1000; k' values for bands #1-8 are 0.5, 1.0, 2.0, . . . , 64. (b) Same as (a), except gradient elution from 20 to 80 voi%

methanol/water, with b = 0.2.
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(c)
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, Limal {min)

(a) Jsogratic ion-exchange separation: mobile phase contains 0.055 M NaNO,.
(b) By gradient elution: mobile phase gradient from 0.01 to 0.1 M NaNO; at 5%/min. (c) GE
with less steep gradient (2%/min). Separation of carboxylic acid mixture. Bands (acids: 1
o-toluic; 2, benzoic; 3, maleic; 4, phthalic; S, fumaric; 6, terephthalic; 7, isophthalic; 8, 1,2-
3-tricarboxybenaene; 9, 1,2,4-tricarboxybenzene; 10, 1,3,5-tricarboxybenzene; 11, 1,2,4,5-
tetracarboxybenzene; 12, pentacarboxybenzene; 13, hexacarboxybenezene. Column, Du-
Pont SAX Permaphase; mobile phase, 0.01 M borate buffer at pH 9.7 in water; ambient;
UV, 254 nm; 5-ul sample, 1% each compound.
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TABLE

Some Useful Solvent Pairs for Gradient Elution

Solueris M, increases Gradient
Method A B Sy — Sa® with® te/1e° shape
everse-phase .
@ Water Methanol 3.0 Increase in sample 15 Linear
MW (M, > 1if
, ) MW > 200); also
gF[ = Bosdesd Phese Ci,ﬂyl,zléfyhrb} increase in k' for
some systems
(methanol, THF)
Acetonitrile 3.0 15
Ethanol 3.6 18
Tetrahydrofuran
(THF) 4.4 22
Acetonitrile? THF 1.4 7
Ethyl ether 2.5 13
BPC Hexane Ethyl ether 1.1 Same: Increase in 6 Linear
sample MW A
M, > 1if
MW > 200)
Trimethyl
phosphate 2.5 12
Ethanol 1.7 9
Methylene
chloride 1.2 6
Chloroform 1.6 8
(Liquid—-solid ) Hexane Isopropyl ether 34 Molecular size 17 Concave
(except alkyl
groups); in-
_creasing k'
Methylene IR
chloride 3.2 16
Chloroform 2.6 13
1-Chlorobutane Acetonitrile 3.0 15
Methanol 5.0 25
0.005 M NaNO,* 0.5 M NaNO, 2.0 Increasing charge 10 Concave
e Ll on molecule
S Cation-cxchange} pH 2 pH 6 4.0 Same 20 Linear
Anion-exchange pH 8 pH 2 6.0 Same 30 Linear
2 For typical samples [M, = 1 in Eq. (13a)].
b Equation (13a).
¢ Gradient steepness optimized for
4 So-called nonaqueous reverse-phase system.
¢ Or any univalent salt.
b : 9raclt'er)f‘ SlLee/me ss param eter
94




"(3x31 39s) sadeys snouea jo sjualper)

1 1

8 % 10A

———.—.___.__._6) -

(3) () < (P)

(9) (q) (e)

TZHZAOVH P THLG VG %\ RE\AR.

Z 6"




A

(;;{r:,b,a gaﬁ’/uifw z >;§ z’Mcfvcm S

MAAMA

%B

(a)

(b)

(c)

A

time




leappawn Babpuuny Eieuon

100 p= G
(a) //a

100 —

g

M/;MI Cﬂ(/é// AM
asd /79/,3( up volume

g ——

Hypothetical solvent gradient. Linear %B change with time: (a) no dwell time
between gradient mixer and column inlet; (b) same as (a), but with dwell time ¢4; (c) same as
(b), but with rounding of gradient shape owing to holdup volume between gradient mixer and

column inlet.
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Gradient Elution
20% METHANOL  30% 40% 50% 60% 70% 0%
Y T ¥ T T
5 ' 7
! ! (t/st,) ! :
METHANOL
20%v 40% 60% 80% 100%
(b)
I Uy
1 2 3 4
(teg)

3 Effect gra(%ient gccpnﬁs on separation in gradient elution (same conditions
as for Fig. 12): (ayb = 0.2; (b)Y b = 0.

N
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Changes in Resolution and Peak Height with Change

in Gradient Steepness”

D —

Relative t)
10

@t\ive @ @ive peak h@
0.1

1.23 ,
4 1.19 , 0.2
2 1.12 0.5
(n (1.00) (1.0)
0.5 0.83 1.5
0.3 0.71 2.0
0.2 0.55 28
0.1 0.37 3.2
e Initial value of p = 02\\
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(a)
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INITIAL TIME —— 100%
MOBILE ISOPROPANOL
PHASE

Effect of solvent demixing during gradient elution. (a) Calculated for separation
of Fig. 5b. (b) Separation of unknown compounds on silica. Column, 25 x 0.32-cm Zorbax-
SIL; mobile phase, gradient from 0.1 vol% isopropanol/hexane to isopropanol; ambient;
Reprinted courtesyof J.+3.:Kirkland.
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Reproducibility of DuPont 850 Low-Pressure-Mixing Gradient Elution System

Toluene Naphthalene Pyrene

Run Peak\ Pez Peak Peak Peak Peak
No.® ret. (secz/‘ area ret. (sec) area ret. (sec) area
A ———

1 767.3 683108 1056.2 2089019 1148.9 636621
2 771.1 673524 1058.5 2088637 1150.9 637075
3 767.0 664605 1058.0 2089744 1151.0 637810
4 768.9 677585 1058.7 2089511 1152.0 638330
5 770.0 678742 1058.0 2091480 1151.0 637744
6 769.8 694546 1058.7 2078851 1151.4 636658
7 771.1 675945 1060.0 2083292 1153.3 636350
8 768.9 683368 1058.2 2082769 1151.2 634730
9 768.7 682251 1057.3 2099405 1150.0 640320
10 767.8 685802 1058.3 2105269 1151.6 638731
11 769.7 677411 1056.4 2098244 1149.4 637408
12 767.5 689698 1057.1 2097557 1149.8 638853
13 767.9 678344 1057.3 2098752 1150.3 640414
14 769.0 679578 1055.9 2096177 1148.3 638338
15 767.6 692272 1057.3 2073854 1150.0 633351
16 768.1 681833 1057.7 2070294 1148.7 634385
17 768.0 675445 1054.2 2068797 1146.6 634050
18 766.2 688577 1054.5 2074871 1147.2 634646
N = 18 18 18 18 18 18
X = 768.5 681257 10572 2087586 11500 636989
0= 13.59 7266 15.22 10076 17.01 2090
CV(%) = 0.18 1.0 0.14 0.48 0.15 0.33

s Column, 25 x 0.46-cm Zorbax-ODS; mobile phase CH;OH/H,O; flowrate, 1 ml/min.;
automatic injection; computer data reduction. With permission from DuPont Instruments

Products Division (43).
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Designing a Gradient Separation: A Brief Summary of Section IV

W N

9.

Select conditions (method, column, etc.) as for isocratic separation, except for

mobile phase.

Select a gradient from Table 1.

Vary starting %A or final %B to speed up separation, improve resolution near ,,
or to elute all bands before end of gradient; vary 7 at same time to keep ¢’ constant.
If peak width varies regularly from one end of the run to the other, change gradient

shape (see Fig. 18).
Vary t; (other variables constant) for modest increase in resolution, for sharper

. (more easily detected) bands, or for further decrease in separation time (see

Table V).® .
Increase column efficiency () for improved resolution by varying F and/or L ac-

cording to scheme offered in Snyder (46); adjust 7 at same time according to Table
VI or Eq. (18). '
Vary separation selectivity for improved a, values by changing the B solvent (as
in different gradients shown in Table I); select a solvent from an *‘extreme’’ group
in Fig. 27 1, 11, V, or VIII) where possible; for fine tuning of a, values, use binary
solvents for the B solvent as in Fig. 28.

For minor changes in selectivity, examine the effect of a change in ¢ (other vari-
ables constant) on sample values; a different 7g value may provide improved

relative retention of sample bands.
Correct other problems as they arise: band tailing, solvent demixing, etc.

¢ Or simply increase sample volume. .
® Or skip to Step 7 if R, increase as in Snyder (46) appears impractical.
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Appendix D. Solvent MzscnbllatyTabIe

\

i :
The Solvent Mmcﬂnhty Table is dlsplayed bc!ow. f A

1

MAME NoliT2Ta |25 (6|7 |8 [0 [1d1149131418161718192d2{2d2d2
Acetlc acld 1
Acetone 2 ‘ ’
Acetonitrlle 3 i
~u|Benzene 4 ' 1NE ] ,
7~ [Butylalcohol 5 | |
- ¢ Carbon tetrachloride 6 ,' [
. Chloroform 7 . ;
: glohaxan i 8 L : 4 8 5
ev)émgséhtaﬁe e @l 2] AN '
Dichloroethane 10 f
Dichioromethane 11 | B ik R
Dimethyltormanide 12 ' | 8 #
|Ethylacetate 13 - | 1
Ethyl alcohol T4 HiR IENES |
Heptan;;m_ T % ’ i
Hexaneiiw e 5
Methyl alcohol 17
Pentane 18| | [ | |
o [ -Propyl alcohol 19 Lo 15
Tetrachloroethane 20 i H
| Tetrahydrofuran 21 ‘1 14
[Toluene 22 :
{Trichloroethane 23 i
water 24 = i
NAME | No1]213 |4 |5 |6 |7 |8 |9 |10111313141 111 181g2q21

D R

Cmisciste | (Avotpet th

. !
gi . Immiscible ( M'ﬁ:

!'w-s

TOTAL F. B2
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