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lonPac AS4A-SC
A Anion Standard TonPac AG4A-SC AS4A-SC  4mm
e 1.7 mM NaHCO; / 1.8 mMNa,CO;
23 e , 2.0 ml/min
50ul
us 6 ASRS
0 ‘u A B
I 1 T ] 1 1 Flouride 2 0.03 mg/L
0 2 4 6 8 10
2 Chloride 3 9.30
3 Nitrite 5
B Anions in Drinking Water 4 Bromide 10
I 5 Nitrate 10 251
6  Phosphate 15 0.10
7  Sulfate 15 10.95
[Th}
7
1 5 6
I I | I |
0 2 4 6 8 10
Minutes
1
TonPac AG4A-SC  AS4A-SC  4mm
2 4 . 1.7 mM NaHCO; / 1.8 mMNa,CO;
2.0 ml/min
50ul
uS ASRS
2 7
56
o 3 I ! 1 Unknown - mg/L
2 Fluoride 2.1
I I ! [ 1
0 2 4 6 8 10 3 Carbonate -
Minutes .
4 Chloride 49
5  Bromide 0.037
6  Nitrate 0.034
7  Phosphate 28
8  Sulfate 35
2
Dionex
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IonPac AS4A-SC  4mm
1.5 mM NaHCO; / 4 mMNa,CO;
2.0 ml/min
20ulL
ASRS
Recycle
1 Fluoride 2  mg/lL
2 Chlotide 3
! ! ; g 3 Nitrite 5
Minutes 4 Bromide 10
5 Nitrate 10
6  Phosphate 15
7  Sulfate 15
3
30 IonPac AS4A-SC  2mm
5 mM to 28mM in 10min
0.5 ml/min
us 15ul
ASRS
Recycle
0 1 Fluoride 5 mg/L
0 é 1'0 1|5 2 Acetate 18
Minutes 3 Formate 18
4 Chloride 10
5 Nitrite 5
6  Bromide 10
7  Nitrate 20
4
) IonPac AS4A-SC  4mm
] ! 1.7 mM NaHCO; / 1.8 mMNa,COs
us A 2.0 ml/min
2 3 250uL
0 80% 50ppb
ASRS
Recycle
T T T ] 1 Chloride
0 2 Mir:.\tes 8 s 2 Nitrate
3 Phosphate
4  Sulfate
5
Dionex
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IonPac AS4A-SC CO5*/HCOy

F° ClI” NO, PO,> Br NO; SO0,-
10
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lonPac AS9-SC

lonPac AS9-HC

157

A lonPac AS9-SC AG9-SC 4mm

B IonPac AS9-HC AGY9-HC 4mm
A 1.7 mM NaHCO;/ 1.8 mMNa,CO;
B 9 mMNa,CO;

A 2.0ml/min
B 1.0ml/min
A 50uL
B 25uL
0 b5 o6 7 8 9 ASRS
B A B
o 1 Fluoride 1 3 mg/L
2 Chlorite 5 10
3 Bromate 5 20
- 4 Chloride 1.5 6
5  Nitrite 6 15
6  Bromide 10 25
0 7  Chlorate 15 25
0 1I0 1|5 2‘0 2|5 8  Nitrate 15 25
Minutes 9  Phosphate 20 40
10  Sulfate 25 30
1 AS9-SC  AS9-HC9
Dionex
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A Simulated Drinking Water IonPac AS9-HC AG9-HC 4mm
1M 4[15 8 10
02 o 9mMN32CO3
1.0 ml/min
200uL
uS
9 ASRS
2
\ 13 \ 61
L - A B
T T T 1 |
0 5 10 15 20 2% 1 Fluoride 1.0 0.04 mg/L
2 Chlorite 0.01
085 S_unnyvale Drinking Witer . o 3 Bromate 0.005 -
L 4 Chloride 500  16.2
5 Nitrite 0.1
us 6 Bromide 001  0.03
9 7  Chlorate 0.01 0.04
6 7
0 ~’\ 8  Nitrate 10.0 3.9
T T 1 T 1
0 5 10 15 20 95 9  o-Phosphate 0.1 0.15
LU 10 Sulfate 500 183
2 AS9-HC
AWimout{)nGuardPrﬂeaunem . TonPac AS9-HC AG9-HC 4mm
4 7 9
05 4 9rnMNa2CO3
1.0 ml/min
500uL
ASRS
s
1
5 .
| 6 8 1 Fluoride mg/L
2 3 2 Unknown -
¢ \I—I 3 Bromate 0.01
T T T 1 1 :
i 3 . ae o = 4 Chloride 240.0
5 Nitrite 0.002
B With OnGuard-Ag and OnGuard-H Pretreatment 6 Chlorate 0.04
05— 1f2 4 n7 mE 7 Nitrate 0.3
8  o-Phosphate 0.1
9  Sulfate 10.0
uS
5 sl 8
o) -
0
\A/‘ T T T T 1
0 5 10 15 20 25
Minutes
3 A B OnGuard-Ag  OnGuard-H
Dionex
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IonPac AS9-SC  AG9-SC 4mm

3 mM Na,CO;
2 ml/min
. 1 50uL
ASRS
1 Chloride
S 2 Nitrate
) 3 3 Sulfate
L‘ | k Concentrations(n=3):  Chlorine, 10.9%=0.01%
Ll — Sulfur, 4.9%20.01%
0 é Miéutes (Ii 23 ISO calibration data unavailable
4 AS9-SC Cl' SO~
IonPac AS9-HC AG9-HC 2mm
8.0 mM Na,CO; / 1.5mM NaOH
0.25 mL/min
" 5.0 mL/min
ASRS
K 1 Unidentified _ ug/L
2 Chloride 1.67
y 3 5 § 3 Carbonate
‘i| \ |T 4 Unidentified
i 5 Nitrate 1.98
| 6  Sulfate 2.74
0 ; 1|g 1I5 2|0 2|5 3|0 7  Phosphate 1.11
Minutss
5 AS9-HC
Dionex
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’; i '3 3 lonPac AS9-HC AGY9-HC 4mm
9.0mMN32CO3
1 1.0ml/min
: 25ul
5
’ A ASRS
2 Recycle
/ B UV 2l4nm
! A B
J J g I ] 1 Flouridi 1.14 /L
0 5 1 5% % oumce - meLrm)
2 Acetate _
B .
04— 3 Chloride _
4 Nitrite 0.14 0.18
AU 5  Bromide 0.82 0.79
6 6  Nitrate 1.47 1.58
4 “? 7  Phosphate  21.1 _
0
8  Sulfate 30.3 _
Sample: Synthetic wastewater containing 2000mg/L
0 5 1 15 2 % chloride
Minutes
6 NO,
IonPac AS9-SC CO3*/HCO;3
F° ClO,” BrO; ClI' NO, Br ClO; NO; PO, SO0,
IonPac AS9-HC IonPac AS9-SC
BrO;/Cl° CI/NO,” ClO;/NOj3”
Sug/L  BrOj’
Dionex
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lonPac AS11  AS11-HC
A&B IonPac AGIl AS11 4mm
A
16 - » NaOH
.H ,1 3§ 2mM from 0 to 6min
us 3 n\ =Y 2mM to 5SmM from 6 to 11min
| 4“ .( J ” ’“ \ J SmM to 38mM from 11 to 23min
1 -jf bl o .
o LM _J' |' 2.0mL/min
0 LY )-, 30
10ulL
. ASRS
.’ nooo Tr’) .{ Recycle
;u\.qfr'/' ’”\H 5y C IonPac AGI1-HC ASII1-HC 4mm
ns 1w M e m
. ] By
Al NaOH
bl AL |
Aok R BRI ImM from 0 to 8min
- M
! ’ " " 2 ImM to 30mM from 8 to 28min
[ 22
0 - 2 30mM to 60mM from 28 to 38min
‘ %2 ) 1.5mL/min
= | M'. ‘j ” 30 i 30
I'I |! |,i||. J'L B
1"[’\' il LIL L, b’“"[\ J‘h LA 10uL
[ _n:__'._:. T 1] _'_ T T 2| ASRS
M |||n ! " o "
Recycle
B A&C
B A&C
1 2.5 10mg/L
17 Br 2.5 10
2 F- 075 3
18 NO; 2.5 10
3 2.5 10 )
19 CO;~ 5 20
4 2.5 10
20 3.75 15
5 2.5 10
21 3.75 15
6 2.5 10 )
22 SO~ 3.75 15
7 2.5 10
23 3.75 15
8 2.5 10
24 5 20
9 2.5 10
25 5 20
10 2.5 10 3
26 PO, - 5 20
11 2.5 10
27 5 20
12 2.5 10
28 5 20
13 2.5 10
29 5 20
14 Cr 125 5
30 - 5 20
15 NOy 25 10
31 - 5 20
16 2.5 10
1 NaOH AS11  AS11-HC AS11-HC
Dionex
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IonPac AG11

NaOH

0.2mM from 0 to 6min

0.2mM to SmM from 6 to 11min

5mM to 38mM from 11 to 23min
10% from 0 to 6min

10% to 16% from 6 to 11min

16% from 11 to 17min

16% to 10% from 17 to 23min

AS11  4mm

IonPac AG11-HC ASI11-HC 4mm

NaOH

1mM from 0 to 8min

1mM to 30mM from 8 to 28min

30mM to 60mM from 28 to 38min
10% from 0 to 8min

10% to 20% from 8 to 18min

20% from 18 to 28min

20% to 10% from 28 to 38min

2.0mL/min 1.5mL/min
30 30
10ul 10uL
ASRS ASRS
A B
A 1 2.5 10 mg/L
"] e fﬁyg 2 F 075 3
b )&% /. 3 25 10
s el 15 19 2N 4 25 10
”\\ m\!um\\ 5 25 10
6 25 10
: | I 1 1 I 1 7 23 10
0 5 10 15 20 25 30 8 25 10
9 25 10
10 25 10
11 25 10
12 25 10
13 25 10
14 Cr 125 5
15 NOy 25 10
¥inites 16 25 10
17 25 10
18~36
2 ASI1  ASI1-HC

Dionex
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A B A B
18 Br 2.5 10 29 375 15
19 NOy 2.5 10 30 5 20
20 2.5 10 31 5 20
21 3.75 15 32 5 20
22 3.75 15 33 5 20
23 3.75 15 34 5 20
24 COy” 5 20 35 - 5 20
25 3.75 15 36 - 5 20
26 3.75 15
27 3.75 15
28 SO~ 3.75 15
NaOH 1.0mL
1 mM from 0 to 6min ASRS
1 mM to 5 mM from 6 to 7min
5mM to 12 mM from 7 to 11min 0.5 mL/min
12 mM to 14 mM from 11 to 16min
14 mM to 23 mM from 16 to 20min 1 F 1.0 ug/L
23 mM to 45 mM from 20 to 25min 2 3.0
3 1.0
4 Ccr 1.0
27 3 5 NO, 1.0
\ 6 Br 2.0
s ) 7 NOy 2.0
gl 8  COy”
4 67 -
iy 9 SO~ 1.0
0 10 1.0
; | 1 ; : 11 PO~ 3.0
0 5 10 15 2 P
Minutes
3 2mm ASI11-HC
Dionex
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A IonPac AG11
NaOH

AS11  4mm

0.2 mM from 0 to 6min

0.2 mM to 5 mM from 6 to 11min

5 mM to 38 mM from 11 to 23min
16% from 8.5 to 23min

B

IonPac AG11-HC AS11-HC 4mm

NaOH
1 mM from 0 to 8min
1 mM to 15 mM from 8 to 18min
15 mM to 30 mM from 18 to 28min
30 mM to 60 mM from 28 to 38min

2.0 mL/min 18% from 14 to 38min
30 1.5 mL/min
1:5 OnGuard™-RP 30
10uL 1:5 OnGuard™-RP
ASRS 10uL
ASRS
1
2
3
4
5
1 T 1 T \ 6 Cr
0 5 10 15 20 25
7 Br-
8 NO;
B 9
10
11 COo5™
12
13
14
15
0 sls 1Io 1|5 2|0 2‘5 3|0 3|5 4Iu 16
Minutes
17
18 -
19 -
4 ASIl  ASl11-HC
Dionex
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us

IonPac AG11-HC ASI1-HC 4mm
NaOH
1 mM from 0 to 8min
1 mM to 30 mM from 8 to 28min
30 mM to 60 mM from 28 to 38min
0% to 20% from 8 to 18min
20% from 18 to 28min
20% to 0% from 28 to 38min

1.5 mL/min
30
1:10  OnGuard-RP
10uL
ASRS
9] fro

0 5 10 15 20 25 30 35 40 45
Minutes

N p BN =

10
11
12
13
14
15
16
17
18

cr
NOy

S0O,*

PO,*

Unk=

5

AS11-HC

Dionex
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IonPac AG11-HC ASI11-HC 4mm
NaOH

2
1 mM from 0 to 8min 3
1 mM to 15 mM from 8 to 18min 4
15 mM to 30 mM from 18 to 28min 5
30 mM to 60 mM from 28 to 38min 6 Cr
18% from 14 to 38min 7
20% from 18 to 28min 8
20% to 0% from 28 to 38min 9 SO~
1.5 mL/min 10
30 11 PO~
1:10 12
10uL 13
ASRS 14 -
10— 5
s
1 11
s U
(1) ST R
0 wlo 1E5 2|0 2‘5 3|0 3|5 4|0 Js
Minutes
6 ASI11-HC

Dionex
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IonPac AG11-HC AS11-HC 4mm

0.5-90 mM NaOH 2
1.5 mL/min 3
10 uL 4
30 5 2- -D-
10 mg/L 6
ASRS 7
8
9 10 Cr 11
12 Br 13 NOy 14
15  Methylmalonate 16 COy” 17
18 19 SO~ 20
21 PO, 22 23
24 25
8 Frar
10
14,15,16
q 13 ”/19 20
us N f 18/
25
N 24
L
0
e | AR degem \ I \
00 5 101820 25 300 U35 40 45
7 AS11-HC

Dionex
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IonPac AG11-HC AS11-HC 4mm
A KOH
B NaOH
1 mM from 0 to 8min
to 30mM at 28min
to 60mM at 38min
10% from 0-38min

2
3
4
5
6 NOjy
7
8
9

Cr
1.5 mL/min
10 uL
30
1:10
A EG40 Gradient 10
Fa 10 .
12 SO%
2 13
5 .
¥ 4 15 14 PO~
i ? i ?8\ o 14 15
2 5 11
| a\ul]1 ! 1 16
; JA ﬁ; LJ 5

0 5 10 15 20 25 30 35 40
B Conventional Gradient
4 . 10

ASRS-ULTRA

55.0 mg/L
0.8
46.2
60.0
1.0
0.6
0.7
1.0

116.0
190.0

2.0
5.0
12.9
27.0
80.0
1.0

us 15
14
e
0
| I I I I I I 1
0 5 10 15 20 25 30 35 40
Minutes
8 EG40 KOH AS11-HC
Dionex
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IonPac AS11  AGI11 4mm 2.0 mL/min
KOH 25ul
0.5 mM 2.5min ASRS
to 5 mM at 6min, to 38 mM at 18min
EG40
1 10.5 mg/L
1:1000
4 ———
us 1
1
0 M
I I I I I
0 2 4 6 8 10 12
Minutes
9 EG40 KOH ASI11
IonPac AG11 ASI1 60% C1
1.5 mM NaOH 1:50
3min 1.5-40 mM NaOH 1 Chloride 0.42 mg/L
13min 2 Nitrate 22.0
1 mL/min 3 Sulfate 0.74
750 uL 4 Phosphate 170.0
ASRS 5  Pyrophosphate 33.0
4
30—
usS 2
5
1 3
0 S—
I I I I ]
0 5 10 15 20 %
Minutes
10 ASI11 60%
Dionex
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IonPac AG11-HC AS11-HC 1.5 mL/min
NaOH 1:1000
10 mM from 0 to Smin 25ul
10 mM to 50 mM from 5 to 15min ASRS
1 Fluoride 16 ug/L
2 Unknown B
i 3 3 Methanesulfonic acid
\ 4 Chloride 37
. V 5 Sulfate 637
4
g
0
Sk o kg
11 ASI11-HC
IonPac AS11 4mm ASRS
45 mM NaOH 40%
1 mL/min 1 Fluoride 2mg/L
25ul 2 Chloride 2
3 Nitrate 5
8.7 4  Sulfate 5
5 Phosphate 10
6  Iodide 20
us 7  Thiocyanate 20
8  Thiosulfate 20
9  Perchlorate 20
: | ! 1 1
0 2 4 6 8 10
Minutes
12 ASII I ClOy SCN S,05%
I Cloy SCN  S,05”
Dionex
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IonPac AS11  4mm 1 Chloride 3 mg/L
NaOH 2 Carbonate _
20 mM to 80 mM in 10min 3 Sulfate 5
2.0 mL/min 4 Phosphate 10
ASRS 5 Pyrophosphate 10
6  Trimetaphosphate 10
7  Tripolyphosphate 10
12 Pi‘ypmsmimssmem 8  Tetrapolyphosphate 10
. 9  Tetrametaphosphate 10
: ; Unk=Unknown
us
2
0
I I I |
0 2 4 6 5
B Detergent Sample 150 ppm {mg/L)
30— 3
us
0
I I I et
0 2 4 6 8
Minutes
13
IonPac AS11 NaOH KOH
Kreb ™ s
I” SCN™ S,0; ClOy
IonPac AG11
EG40 IonPac ASI11
AS11-HC 4mm 2-mm
Dionex
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lonPac AS14A
1277 8 A lonPac AG14A AS14A-7um 4><250um
B IonPac AG14A ASI14A-5um 3><150um
8.0mM Na,CO; 1.0mM NaHCO;
s - ; 30
5 6 8 A 1.0 mL/min
4
7 B) 0.5 mL/min
2
A 10uL
U e
0 5 10 15
12 B ASRS-ULTRA
) 3
6 8
43 1 Fluoride 5 mg/L
HS ! 2 Acetate 20
. 3 Chloride 10
UL L 4 Nitrite 15
0 ‘\{J 5  Bromide 25
0 5!-. I 1]5 6  Nitrate 25
Minutes
7  Phosphate 40
8  Sulfate 30
1 AS14A-3mm  4-mm
00— a IonPac AG14A ASI14A-5um 3><150mm
¢ 8.0mM Na,CO,/1.0mM NaHCO;
30
us 0.5mL/min
7 12.5ul
ASRS-ULTRA 2-mm
1 3 56
. | L4 11
[ I I I ] i
i i 4 . g " Milpitas,CA
1 Fluoride 0.06 mg/L
2 S
o 2 ! 2 Chloride 42
4 3 Bromide 0.03
4 Nitrate 32
usS
5  Chlorate 0.14
6  Phosphat 1.05
: LS S osphate
g ! l 7 Sulfate 61.0
I \ [ \ |
0 2 4 6 8 10
Minutes

2 AS14A-5um 3><150mm

Dionex
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IonPac AG14A ASI14A-5um 3><150mm
2] 4 = 8.0mM Na,CO5/1.0mM NaHCO;
Sul
ASRS-ULTRA 2-mm

s

0.5mL/min

. 23 45 L 30

D 1l bl ] 1:100

1 Unknown

Acetate

Formate
Chloride
Bromide

Nitrate

o N O W A~ W

Sulfate

Phosphate

3 AS14A-5um 3><150mm

us

Minutes

IonPac AG14A ASI14A-5um 3><150mm
8.0mM Na,COs/ 1.0mM NaHCO;

Sul

0.8mL/min

30

Fluoride
Acetate
Chloride
Nitrite
Bromide
Nitrate
Phosphate

[>T - UV S UV NS S

Sulfate

ASRS-ULTRA 2-mm

5 mg/L
20
10
15
25
25
40
30

4  ASI4A-5um 3><150mm

Dionex
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307 12

0 5 10 15
Minutes

IonPaC AG14A AS14A-5um 3><150mm

SmM KOH for 6min
to 80mM KOH at 17min
EG40
SuL

ASRS-ULTRA 2-mm

0.6mL/min

30
1 Fluoride 5
2 Glycolate 10
3 Acetate 20
4 Formate 10
5  Chlorite 10
6  Chloride 10
7  Bromate 20
8  Nitrite 15
9  Bromide 25
10 Nitrate 25
11 Chlorate 25
12 Sulfate 30
13 Oxalate 30
14 Phosphate 40

mg/L

5  ASI4A-5um 3><150mm

KOH

45— A Anion Standard

Minutes

IonPac AG14A ASI14A-5um 3><150mm
ASRS-ULTRA 2-mm
8.0mM  Na,CO3/1.0mM  NaHCO;

0.5mL/min
30
5ulL

—_

Fluoride

Formate

Chloride

Nitrite

Bromide

Nitrate

Phosphate
Monofluorophosphate
Sulfate

NoREe IS BN LY B - VS ()

5 mg/L

10
10
15
25
25
40
50
30

6 AS14A-5um 3><150mm

Dionex
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IonPac AG14A ASI4A-7um 4><250mm 1 Unknown
8.0mM Na,COs;/ 1.0mM NaHCO; 2 Chloride
3 Bromide
30 4 Nitrate
1.0mL/min 5  Sulfate
10ul
ASRS-ULTRA 4mm
| 180 '2' 180 :
I
ps us
: | i
4
0 | ? | A g I ?/II A
0 5 10 5 0 Gt 15
) Minutes
2= 5 5 2 5 12 [ 5
us ps
3
1 3 4 1 ! ?
0 0
T T ] T T ]
0 5 10 16 0 5 10 15
Minutes Minutes
7 AS14A-7um 4>250mm
lonPac AS14A CO3*/HCO;
F Cl” NO,” Br  NO; PO,
SO,* lonPac AS4A-SC ASI2A
CO3;*/HCO;y F F-
AS14A-5um 3><150mm AS14A-7um 4><250mm
AS14A-5um 3>150mm
AS14A-7um 4>250mm
Dionex
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lonPac AS15

0 \ .
2]s P A IonPac AGI5 ASI5-5um 3><150mm
us . B IonPac AG15 AS15-9mm 4><250mm
A 42mM KOH
i B 40mM KOH
' T T T T | EG40
10 30
T B A 0.5mL/min
us 1 2 4 5 B 1.2mL/min
8 7
3 8 A 5ul B 10uL
0 ' S ASRS-ULTRA
0 g» 10 15 2 2
Minutes
1 Fluoride 2mg/L 5  Sulfate 10
2 Chloride 5 6 Bromide 20
3 Carbonate _ 7  Nitrate 20
4 Nitrite 10 8 Phosphate 30
1 AS15-5um AS15-9um
IonPac AG15 AS15 2mm 1 Fluoride 1.08 ug/L
8mM NaOH for 6min 2 Glycolate 3.35
6-16min 60mM 3 Acetate 3.86
EG40 4 Formate 3.63
30 5 Chloride 1.03
0.5mL/min 6 Nitrite 1.17
1000uL 7 Carbonate
ASRS-ULTRA 8 Sulfate 0.91
9 Oxalate 0.97
19 7 10 Bromide 2.87
11 Nitrate 0.89
" 12 Phosphate 3.07
g
1 g0y 12
0
T T T T }
0 5 19 Minutos 15 20 2%
2 EG40 AS15 2-mm KOH
Dionex
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IonPac AGIS AS15 2mm 0.5mL/min
IonPaC AC15 20mL
KOH ASRS-ULTRA
10mM from 0 to 4min
10mM to 40mM from 4min to 14min 1 Fluoride 0.1 ug/L
40mM to 60mM from 14 to 18min 2 Acetate 0.1
EG40 3 Formate 0.1
30 4 Chloride 0.1
i 5 Nitrite 0.1
6 Carbonate
uS 7 Sulfate 0.1
y 8 Oxalate 0.1
9 Bromide 0.1
° 10 Nitrate 0.1
0 ; 110 1'5 ;0 11 Phosphate 0.1
Minutes
3 AS15 2-mm 20mL 20mL
IonPaC AG15 AS15 2mm EG40
40mM KOH 0.5mL/min
2.0 2 30
ASRS-ULTRA
us 1000uL
1 Chloride 1.0 ug/L
1 3 2 Carbonate 1000.0
0 3 Sulfate 1.0
0 ; 1|0
Minutes
4 AS15 2-mm CI' 8S0,”

Dionex
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IonPaC AG15 AS15 2mm ASRS-ULTRA
40mM KOH
EG40 1 Fluoride 2.0 mg/L
30 2 Chloride 5.0
0.5mL/min 3 Carbonate _
SuL 4 Nitrite 10.0
12 - 5 Sulfate 10.0
6 Bromide 20.0
7 Nitrate 20.0
usS 8 Phosphate 30.0
0
0 Minutes8
5 AS15 2-mm
IonPac AG15 AS15 2mm 1 Fluoride 2.0 mg/L
KOH 2 Acetate 10.0
8mM from 0 to 6min 3 Formate 10.0
8mM to 60mM from 6 to 16min 4 Propionate 10.0
EG40 5 Chloride 5.0
30 6 Nitrite 10.0
0.5mL/min 7 Butyrate 10.0
SulL 8 Carbonate 30.0
ASRS-ULTRA 9 Sulfite 10.0
10 Sulfate 10.0
11 Oxalate 10.0
12 Bromide 20.0
13 Nitrate 20.0
14 Phosphate 30.0
15 Thiosulfate 30.0

6 AS15 2-mm KOH

Dionex
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40—
us
Sul
0 4
ASRS-ULTRAL
[ I [ { I I I 1
0 2 4 6 8 10 12 14 16
Minutes
1 Fluoride Img/L Sulf 2
2 Glycolate 5 11 Sulf
3 Acctate 5 12
4 Formate 5 13 Bromide 5
5  Propionate 5 14
6  Chloride 2 15
7 Nitrite 2 16  Chlorate 10
7 AS15-5
IonPac AS15 NaOH KOH
F-
CI" NO, CO;* S0,*” Br NO;  PO,”
ACI15 ppt

Dionex
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lonPac AS16

IonPac AG16 AS16 4mm
35mM NaOH
30

ImL/min

us

10ul
ASRS-ULTRA
1 Flouride 2.0 mg/L
2 Chloride 3.0
3 Sulfate 5.0
4 Thiosulfate 10.0
5 Todide 20.0

6 Thiocyanate 20.0
7 Perchlorate 30.0

T T T T —
0 5 10 15 20 %
Minutes
1 AS16 4-mm NaOH
AGl16 AS16 4mm ASRS-ULTRA
50mM NaOH
1.5mL/min 1 Chloride 200.0 mg/L
1000ul 2 Nitrate 50.0
3 Carbonate 200.0
. 12,34
4 Sulfate 1000.0
5 Perchlorate ~ 0.005
us
ClO4
5
0 1-4 Cloy
T T
0 5 10 15

Minutes

2 AS16 4-mm 50mM NaOH

ClOo4

Dionex
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IonPac AG16 AS16 4mm 1 Fluoride 2.0mg/L
1.5mM KOH 2 Acetate 10.0
for 8.3min to 10mM at 14.3min 3 Propionate 10.0
to 55mM at 24.3min 4  Formate 10.0
EG40 5 Chlorite 10.0
30 6  Bromate 10.0
1.5mL/min 7  Chloride 5.0
10uL 8  Nitrite 10.0
ASRS-ULTRA 9  Nitrate 10.0
10 Selenite 10.0
11 Carbonate B
L 12 Sulfate 10.0
13 Selenate 10.0
o 14 Todide 20.0
15 Thiosulfate 10.0
Minutes 16 Chromate 20.0
17 Phosphate 20.0
18 Arsenate 20.0
19 Thiocyanate 20.0
20 Perchlorate 30.0
3 AS16 4-mm KOH
IonPac AG16 AS16 4mm 30
25mM KOH for 1.7min 1.5mL/min
to 65mM at 2.5min 10ul
EG40 ASRS-ULTRA
& A: Polyphosphate Standard
A
1 Chloride 3.0 mg/L(ppm)
2 Carbonate _
3 Sulfate 5.0
4 Phosphate 10.0
Minutes
7 B: Dishwashing detergent ; 3 Pyrophosphate 100
sample, 300 mg/L 6 Trimetaphosphate 10.0
7 Tripolyphosphate 10.0
8 Tetrametaphosphate 10.0
9 Tetrapolyphosphate 10.0
Minutes

4 AS16 4-mm KOH

Dionex
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IonPac AS16 NaOH KOH

-
SCN™  S,0:;* Clo,2 20 ClOy

ppb

Dionex
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lonPac AS17
IonPac AG17 AS17 4mm 30
KOH 2.0mL/min
ImM from 0 to 1.5min 10ulL
1mM to 20mM from 1.5 to Smin ASRS-ULTRA
20mM to 40mM from 5 to 7min
EG40 A
10— A) Anion Standard 1 Fluoride 2.0 mg/L
us 1 45 6/ 1 . 2 Acetate 5.0
IUL i * N 9 A F 3 Chlorite _
0
T 4 Chloride 3.0
25— ) 4 9 5 Nitrite 5.0
. B) Boltled Fvian 10
. Water 6 Bromide 10.0
I
7 Nitrate 10.0
0 I 8 Chlorate _
) 4 o 9 Carbonate _
2071 ¢) Ssumnyvale (s
Drinking Water 10 Sulfate 5.0
S
w i ? 1‘,1 ! 11 Oxalate _
\
0 : l : : 12 Phosphate 10.0
0 ? 4 6 8
Minutes
1 AS17 KOH
IonPac AG17 AS17 4-mm 25ul
KOH ASRS-ULTRA
1mM for 1.5min to 20mM in 3.5min
from 20mM to 40mM in 2min 1 Fluoride 0.36 mg/L
EG40 2 Chloride 0.45
30 3 Nitrite 0.19
2.0mL/min 4 Nitrate 2.29
10g 100mL 5 Carbonate _
10 — 6 Sulfate 1.03
I 7 Phosphate 8.65
S .
6
1 2
| S
0
I I [ I I | [ [
0 2 3 4 5 6 7 8
Minutes

2 AS17 KOH

Dionex
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IonPac AG17 AS17 4mm 10uL
KOH ASRS-ULTRA
ImM from 0 to 3min
ImM to 12mM from 3 to 10min 1 Fluoride 2.0 mgL
12mM to 35mM from 10 to 14min 2 Acetate 5.0
EG40 3 Propinate 5.0
30 4  Formate 5.0
1.5mL/min 5 Chlorite 5.0
10 6  Bromate 5.0
7  Chloride 3.0
8  Nitrite 5.0
s . }4 9 Br.omide 10.0
10 Nitrate 10.0
v 11  Chlorate 10.0
12 12 Carbonate 20.0
: 13 Sulfate 5.0
; 5' 1[! ]; 14 Oxalate 5.0
Minutes 15 Phosphate 10.0
3 AS17 KOH
IonPac AG17 AS17 4mm 10uL
KOH ASRS-ULTRA
ImM from 0 to 1.5min
ImM to 20mM from 1.5min to Smin 1 Acetate,Glycolate 2.0, 2.0 mg/L
20mM to 40mM from 5 to 7min 2 Formate 2.0
EG40 3 Chloride 20.0
30 4 Nitrate 1.0
2.0mL/min 5 Carbonate 50.0
1:1000 6 Sulfite 4.0
7 Sulfate 40.0
7 I 8 Thiosulfate 12.0
2
us
1
. L_
0 ; 0
Minutes
4 AS17 KOH
Dionex
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IonPac AG17 AS17 4mm 1 Fluoride
KOH 2 Acetate
ImM from 0 to 3min 3 Formate
ImM to 12mM from 3 to 10min 4 Chloride
12mM to 35mM from 10 to 14min 5 Nitrite
EG40 6 Nitrate
30 7 Benzoate
1.5mL/min 8 Unknown
0.5g 100mL 9 Carbonate
0.45um 10 Monofluorophosphate
10uL 11 Sulfate
ASRS-ULTRA 12 Oxalate
13 Phosphate
n T T T
g Minutes 10 L
5 AS17 KOH
IonPac AS17 F- AC CI’
NO,” Br NO; SO,” PO,> KOH NaOH EG40
10 F-

Dionex
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AS18

lonPac AS18

F CI' NO, SO0, PO,>  ASIS8

ASI8

EPA

300.1

® O9min

EG40 EGS50

AS18

AS18

EPA300.0

AS18

AS18

Dionex
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L] U.S.EPA Method 300.0 A

AS4A-SC AS12A AS14 AS14A  AS17

® EG40 EGS0

® ASRS-ULTRA  Atlas AAES

® 285ueq/col.  4><250mm column
[ J
[ ]
AS18 FF CI' Br NO, NOj
3- 2- .
PO, SOq4 39mM KOH 9min 2
3 33mM KOH 11min
Ceiumn: lonPac AS18 4 mm
Column lorPac AS18 4 mm 169 Eluent: 33mM Potassiur hydroxide
Eluent: 39 mM Potassium hydroxide 8 Euent Source: - EGC-KOH with CR-ATC
129 Eluent Source:  EGC-KOH with GR-ATC Temperalure: 22 °C (ambient)
Temperature:  30°C Fiow Rate: 1.0mL/min
, Flow Rete 1.0 mL/min 5 ‘D”![V?‘“'“E ém st
3 \m‘VnIurre 2511 i electicn: uppressed corductivily,
5 6 " ) ASRS ULTRA 0mA
| Detection: Suppressed conduct vity, ] ' M;S!JW mﬁomclg‘eﬁ ode
by | 7 L O s Loy Pesks: 1 Fuorde 05 ml (spm)
ian® ouela 2 . Flu mgiL (ppm}
us | . AutoSuppression® recycle mode 124 “ el
| Peaks 1. Fluoride 1 mg/L (ppm) 3. Fomae 10
| 2. Chloride 2 4 Chiote 5
\ ‘\ 3. Nitte 5 ST B
\ | \ }\ I 4, Sulfte 6 s ﬁa’rﬁg““‘ Zg
i \ ;
W | WL T A D L S . Bromide 10 8 Sulle 10
6. Nitratg 10 20 T T — 9. Bromide 10
i T T T T | 7.Phesprae 20 0 5 10 B 90 N 10
0 2 4 -6 8 10 Minutes 11. Chlorate 10
Minutes B 12. Phosphale 10 P

Figure 3. Optimized isocratic separation of the common inorganic anions, plus organic
acids and oxyhalides on an IonPac AS18 column, using a 33 mM potassium hydroxide
eluent delivered by an Eluent Generator.

Figure 2. Fast isocratic separation of the common inorganic anions on an lonPac AS18
column using a 39 mM potassium hydroxide eluent delivered by an Eluent Generator.

Dionex
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ASI8

AS18

ASI8

U.S.EPA Method 300.0 Part A

Columr,; lanPac AS18 4 man
40 3 Cofuran: lonFac AS18 4 mm Eluent Potassium hydroxide: 12 -44 i
5 10 n Eluent: Potassium hyd-oxide: from 0-5 miin ang
22-40 mM & 7-8 min 29 3 12 18 4-52 @M fram 8-10 min
Eluerit Source:  FGC-KOH wih CR-ATC Eluent Source:  EGC-KOH wil CR-ATC
S . i e wc
8 Temperaure:  30°C ‘ Temperature: 3
fy Flow Rale: 1.0 mu/min ‘ i ‘F,,lfwvgi(fm ;D%Ti/mm
y Inj. Valume: 100 L Detectior Suppressed conductivity,
'\ i Detecrion Suppressed conductivity, ASRS ULTRA 4 mm, 150 mA
s o ASRS ULTRA 4 mim, 1 Aut0Suppression recycie ode
e j 100 mA, AuloSuppression i ‘ Sample Prep:  Wastewater sample ailuted 1001
1 \ J ') recycle mode Peaks: 1. Fluoride 10. Carbonate
! . 2. Avelate 1. Sulfte
3 [ 19 2 I.FLeride 8. Carbonate & 4 Fomate 12 Sufate
2 \‘ s \N ‘ s = 2 Acoale 9. Bromide | [ 4. Unknown 13 Bromide
Nl ’ 10ji £ Unknown 1. Unkngwn
J[/ \JUJ v Moo NN f EQ,‘M”;W; 1? ﬁﬂv::: M‘fsﬁ | NN 70 Eurkiont 15 Ny
e s JUEVZATIARNY; 7.Urknown 16, Unknown
5 oride 12 Chlorate — £ Chioride 17, Unknown
r\ T T 1 6. Nitrite 13. Phosphae -2 T T T T T T € Nitrite: 18. Thiosulfate
4 S 0 15 20 7. Unknown o 2 1 6 8 w12 19. Unknown
Miutes 18903 Mintes
19065
Figure 4. Determination of inorganic anions in a drinking water sumple on an IonPac ASI18 Figure 5.1 i of i VTS C] - sample on an lonPac ASI8

column

using a potassium hydroxide gradient delivered by an Elueni Generator.

AS18

ASI8

BI'O3-

Column: lonPac AS18 4 mm
147 Elvent: Potassium hydroxide: 12-44 mM
5 from 0-5 min and 44-52 mM
from 8-10 min
g 1 Eluent Source: EGC-KOH with CR-ATC
12 Temperature: 30 °C
B Flow Rate: 1.0 mL/min
6 Inj. Volume: 25 L
7 Detection Suppressed conductivity,
. ASRS ULTRA 4 mm,
us 150 mA, Autosuppression
114 1 recycle mode
1 B \ 15 161 18] Peaks 1.Fluoride 0.5 10. Bromide 10.0 mg/L
2, N 2.Acetate 25 11, Selenale  10.0
|| it \ M | r\ H 'I 3. Formate 10 12 Nitrate  10.0
ULM‘ | JU\\ i 4.Chlorte 50 13. Chlorate  10.0
LINWURUURA UV 5.Chioride 3.0 14. Phosphate 10.0
6. Nitrite 6.0  15. Molybdate 10.0
TTTT D, Lhee % i
ulfite X . Arsenate
U c . aMmuIese 0 i & 9. Sulfate  10.0  18. Thiosulfate 10.0
19. Chromate 10.0
19054

Figure 6. Anion separation including inorganic anions, organic acids, oxyanions, and
oxyhalides on an IonPac AS18 column using a potassium hydroxide eluent delivered by an
Eluent Generator.

column using a potassium hydroxide gradient delivered by an Eluent Generator:

14min

Dionex
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lonPac AS19

IonPac AS19
F ClOz_ BI’O3_
CI' NOy PO, SO ASI9
AS19 U.S.EPA Methods 300.0
300.1
AS19 ppb CI' SO~ COs™
AS19
AS19
< 350ueqg/column  4x250mm
< EPA Methods 300.0  300.1
< KOH RFIC EG50
< ASRS-ULTRAII
30
AS19 Dionex 350 ueq/column
Br
Dionex
OH"
AS19 ppb
EPA WHO ppb
Dionex
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10ug/L AS19

1 AS19
RFIC
AS19 RFIC KOH
KOH
2 23
EG50 KOH CR-ATC
AS19 ASRS ULTRA 30
AS19 1CS2000 ICS2500
EG40 RFC-30
KOH
EGC CR-ATC
EGC ATC-HC
NaOH
ATC-3 DQP DXP TonPac
AG19 TACLP1 TAC-ULP1
Dionex
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Column: fonPac AS19, 4 x 250 mm
Eluent: Potassium hydroxide:
10 mM from O ta 7 min,
5 ] 10--15 mM from /1o 20 min.
300 ~ " 15-55 mM fm_m 2010 30 min
i h Eluent Source: EGC 1! KOM with CR-ATC
]! i Flow Rate: 1.0 mL/min
it i Temperature: 30 YC
i Suppressor: ASRS ULIRA 1L 4 mm, AutoSuppression
! \ external waler mode, 300 mA
o k injection Vol.: 500 ~d.
Peaks: 1 Fluoride i mg/l. {(ppm)
i 2 tormate -
9 \ 3. Chiarite 0.005
1 i 4.  Bromate 0.005
A 23 6 78 N 10 | 1[2 5. Chioride 50
B L N A i 6. Nitrite 0.008
7. Chiorate 0.005
-50 T y T y T ; 1 8 promide 0008
itrate
e & Y ) Y s il e 10. Carbonaie 25
11 Sulfate 50
0100 —‘ 12.  Phosphate c.2
9 10,11 12
is
||
oS 7 i 7
LY
K’,‘-‘j \J
o '\\l
|
-0:035 it T T T T T T 1
(¢ 5 10 15 20 25 30 35
Minutes .
20282-a
1 ASI19
Colume: fonPac AS19, 4 x 250 mm Peaks: 1. Fluoride 2 mg/L {ppm)
50.0 Eluent : Potassium hydroxide 2. Acetate 10
10 mM from 0 to 10 min, 3. Formate 10
12 10-70 mM from 10 to 30-min 4. Chiorite 10
Eluent Source:  EGC It KOH with CR-ATC 5. Bromate 20
Flow Rate: 1.0 mL/min 6. Chloride 6
Ternperature: 30 7. Nitrite 15
Suppressor ASRS ULTRA 11, 4 mm, AutoSuppression 8. Chiorate 25
recycle mode, 300 mA 9. Bromide 25
Injection Vol.: 25l 10. Nitrate 25
1t. Carbonate =
12, Suffate 25
o5 13. Malonate 25
14. Oxalate 25
N 15. Selenate 25
° 16. Phialdte 25
5 * 17. Phosphate 30
t 18. Thiosulfate 25
i\ 19. Chromate 25
i l 20. Arsenate 30 -
Lot 21. fumarate 30
22. lodide 30
-50 T T T T T T | 23 Unvknown -
0 10 15 20 2 30 35 %0 U ocyanalcipse
Minutes
20315
2 EGS50 KOH AS19
Dionex
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lonPac Cryptand Al
IonPac Cryptand Al Dionex
Cryptand Al
L 2
¢ 10
L 4 35
¢
L 2
L 4 73ueq/column  3><150mm
L 2
IonPac Cryptand A1 cryptand
1
Na" Li" K
Ju— AN
[} 0
<: M+ /N> M+ : Li. Na, K, Rb, Cs, Sr, etc.
-
&:tjo)‘
Covalent attachment to stationary phase
\3
ig :3— Cryptand
5 é- Cryptand
1 IonPaC Cryptand Al
Dionex
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Li" 1
Na* 3.9
5.4
“< 7z Cryptand A1
NaOH 10mM 0.1min
10mM LiOH Cryptand
Cryptand
2
11min
I
Column: lonPac® Cryptand A1 (3 x 150 mm)
Trap Column: ~ ATC-3 (2-mm)
Eluent: 10 mM NaQH, step at
0.1 min to 10 mM LiOH
Flow Rate: 0.5 mL/min
120 Inj. Volume: 5uL
a Temperature: 35 °C
Detection: Suppressed conductivity,
1 5 ASRS®-ULTRA 2-mm,
external water mode
i 1. Fluoride 2 mg/L (ppm)
23 2. Chloride 3
3. Nitrite 5
us 4. Bromide 10
5. Nitrate 10
6. Sulfate 5
7. Thiosulfate 5
8. Phosphate 5
9. lodide 10
R 10. Thiocyanate 10
ik 1 T T 7 11 Perchlorate 15
Minutes
2 NaOH/LiOH Cryptand A1
Dionex

Page 40 of 113



—
Cryptand Al 3
Cryptand Al /
Cotumn: lonPac Cryptand A1 (3 x 150 mm)
Trap Column  ATC-3 (2-mm)
20 o 3 Eluent: 25 mM NaOH, step at 2.1 min.
to 25 mM LiOH
Flow Rate: 0.5 mL/min
inj. Volume: 5pL
2 Temperature: 30 °C
Sample Prep:  Diluted 1:400
us Detection: Suppressed Conductivity,
ASRS-ULTRA 2-mm,
1 external water mode
4 0 Peaks: 1. Methanesulfonic acid
2. Sulfate
9 3. Chromate
T ] 4. Methanedisulfonic acid
0 5 10 5. Unknown
Min 6. Ethanedisulfonic acid
3 Cryptand A1
Cryptand Al
PH
4 Cryptand A1
10min
Column: lonPac Cryptand A1 (3 x 150 mm)
85— Trap Column:  ATC-3 (2-mm)
Eluent: 50 mM NaOH
2 5 step at 0.1 min to 50 mM LiOH
4 Flow Rate: 0.5 mL/min
Inj. Volume: 5L
Temperature:  35°C
Detection: Suppressed conductivity,
5 ASRS-ULTRA 2-mm,
external water mode
Hs 6 Sample: Polyphosphoric acid  0.1%
1
-4 T
0 10
Minutes
4 Cryptand Al
Dionex
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—d
Cryptand A1 5 NaOH / LiOH
20min
Column: lonPac Cryptand A1 (3 x 150 mm)
Trap Column:  ATC-3 (2-mm)
Eluent: 10 mM NaOH, step at 0.1 min
to 10 mM LiOH
20— 5 Flow rate: 0.5 mL/min
Inj. Volume: 5uL
4 Temperature: ~ 35°C
Sample: 50 ppm Polyvinyisulfonate
7 Detection: Suppressed conductivity,
Anion Atlas, recycle mode
S 3 Peaks: 1. Sulfate
w 2-12.  Polyvinylsulfonate Oligomers
02 T T T |
0 10 20 30 40
Min
5 Cryptand Al
Cryptand A1 Cryptand Al
35
Dionex
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lonPac CS5A
02 - IonPac CS5A CGS5A
MetPac PDCA
1.2 mL/min
50 uL
N 530nm
MetPac PAR
1 TIron( ) 1.3 mg/L
00 2 Copper 1.3
0 : 6 zla 1|0 2 ) 3 Nicker 2.6
s 4 Zinc 1.3
5 Cobalt 1.3
6 Cadmium 6.0
7 Manganese 2.6
8 Iron 1.3
1 MetPac PDCA PC10 PAR
0.37 IonPac CS5A CG5SA  4mm
1.2 mL/min
50uL
520nm
MetPac PAR
T T T T T 1
0 2 4 6 8 10 12
Minutes
1 Lanthanum 5 mg/L 8  Terbium 5
2 Cerium 5 9  Dysprosium 5
3 Praseodymium 5 10 Olmium 5
4 Neodymium 5 11 Rbium 5
5 Samarium 5 12 Hulium 5
6 Europium 5 13 Tterbium 5
7 Gadolinium 5 14 Lutetiun 5

Dionex
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0.01

IonPac CS5A CG5A 4mm

MetPac PDCA
1
1.2 mL/min
50ul
AU 530nm
MetPac PAR
2 1 TIron( ) 0.09 mg/L
2 Nicker 0.03
000 3 Zinc 0.01
I I | |
0 4 6 10 12
Minutes
3 HPLC 1 20
IonPac CS5A CG5A 4mm
0.2+ MetPac
1.2 mL/min
50ul
6 530nm
AU 4 MetPac PAR
1 Lead 5.0 mg/L
2 Copper 0.7
0.0 3 Cadmium 3.3
l | | I 4 Cobalt 0.7
0 4 6 10 12 5 Zinc 1.3
Minutes
6  Nickel 2.0
4
0.020 — IonPac CS5A CG5A 4mm
MetPac PDCA
AU 0.3 mL/min
0.06g PAR/1L MetPac
-0.005 PAR 0.15mL/min
0.020 — 530nm,10-mm cell
30
AU 1000ul
1 Iron( ) 2ug/L 5  Cobalt
-0.005 2 Copper 1 6 Cadmium
0 3 Nicker 2
Minutes 7 Manganese
4 Zinc > 8 Iron
5 PC10 ppb
Dionex
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0.025 — 4 IonPac CS5A CG5SA 2mm
IonPac TCC-2
1 MetPac PDCA
. 0.3mL/min
AU 5 8 0.06g PAR/IL MetPac
3 6 PAR 0.15mL/min
530nm,10-mm cell
30
4.0mL
VW 77
0 2 4 6 8 10 12 14 16
Minutes
5 Cobalt 250
1 Iron( ) 500 ng/L .
6 Cadmium 1250
2 Copper 250
7 Manganese 750
3 Nicker 500
8 Iron 500
4 Zinc >500
6 2-mm ppt
IonPac CS5SA
PAR 4-(2-pyridylazo)rescorinol
Dionex
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lonPac CS12A

5- IonPac CG12A CS12A  4mm
18mN
EG40
1.0mL/min
25uL
CSRS-ULTRA 4mm
1 Lithium 0.5 mg/L
Minutes 2 Sodium 2.0
3 Ammonium 2.5
4  Potassium 5.0
5 Magnesium 2.5
6  Calcium 5.0
1 IonPac CS12A EG40
IonPac CS12A-5um  3mm( )
. s 33mN
. 5 6 0.5mL/min
1 30
3 25ulL
b CSRS-ULTRA 2mm
1 Lithium 0.12 mg/L
2 Sodium 0.50
0 | T T T | 3 Ammonium  0.62
U L 2 . 3 4 5 4  Potassium 0.25
Minutes
5 Magnesium 0.62
6  Calcium 1.25
2 33mN 4min
Dionex
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IonPac CS12A  4mm( )
18mN
1.0mL/min
25ul
CSRS-ULTRA 2mm

T T 1
0 ’ Minutes 10 ¥
1 Lithium 0.5 mg/L 5 Diethylamine 10.0
2 Sodium 2.0 6  Magnesium 2.5
3 Ammonium 2.5 7  Manganese 2.5
4 Potassium 5.0 8  Calcium 10.0
3 Mn*", Li*, Na*, NH,", K", Mg®", Ca*",
IonPac CS12A  4mm( ) 1.0mL/min
at 7min from 16mN H,S0,/2% 25ul
to 28mN H,S04/4% CSRS-ULTRA 4mm
at 11min to50mN H,S04/15%
40
1 Lithium 0.5 mg/L
2 Sodium 2.0
3 Ammonium 2.5
4  Potassium 5.0
5 Morpholine  10.0
6  2-Diethylaminoethanol  10.0
0 ‘: ; 1|2 1I6 2|0 7  Magnesium 2.5
Minutes 8  Calcium 5.0
9  Cyclohexylamine 15.0
4 Li",Na",NH, , K", Mg*", Ca*
Dionex
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IonPac CG12A CS12A-5um 3mm
20mN
0.5mL/min
25ul
6 — 25
U CSRS-ULTRA 2mm
4 : 1 Lithium 0.1 mgL
us 1 2 Sodium 04
4 10 3  Ammonium 0.5
4  Potassium 1.0
5 Rubidium 5.0
0
T — 6  Cesium 5.0
Y 5 2 7  Magnesium 0.5
8  Calcium 1.0
9  Strontium 5.0
10 Barium 5.0
IonPac CS12A  4mm( )
at 12min from 3mN to 20mN
1.0mL/min
25ul
CSRS-ULTRA 4mm
1 1 Lithium 0.5 mg/L
Minutes 15 2 Sodium 52.0
3 Ammonium  0.05
4 Potassium 5.0
5  Magnesium 2.5
6  Calcium 5.0
6  lonPac CS12A 1000:1 NH,"
Dionex
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IonPac CS12A  4mm( )
at 10min from 22mN H,S0,/2%
to 44mN H,S0,4/16%
i at 14min to S0mN H,S0,/30%
1.0mL/min
2 8 25uL
q CSRS-ULTRA 4mm
4
s 40
J J | Lithium 02 mgl
1 3 Al 2 Sodium | 0.8
1 3 Ammonium 1.0
4  Potassium 2.0
0 LJ 12 13 5 Magnesium 1.0
6  Calcium 2.0
T T T T ] 7  1,2-Propanediamine 8.0
Y 5 W Minutes 15 2 & 8  1,6-hexanediamine 8.0
9 1,7- hexanediamine 8.0
10 1,8-Octanediamine 8.0
11 1,9-Nonanediamine 8.0
12 1,10-Decanediamine 8.0
13 1,12-Dodecanediamine 8.0
7 /
at 6min from 10.4mN MSA/0.5% CSRS-ULTRA 4mm
to 10.4mN MSA/5%
at 10min to 36.8mN MSA/5% 35
from 14 to 16min to 50.4mN MSA/0.5% 1 Lithium 0.5 mg/lL
1.0mL/min 2 Sodium 2.0
25ul 3 Ammonium 2.5
4 Potassium 5.0
5 5-Amino-1-pentanol 20.0
6  Morpholine 10.0
7  2-Diethylaminoethanol 10.0
8  Magnesium 2.5
9  Calcium 5.0
10 Cyclohexylamine 15.0
0 é 1'0 1|5 210 11 3-Dimethylaminopropylamine 10.0
Minutes
8  IonPac CS12A MSA/
Dionex
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0.9— IonPac CS12A-5um 3mm
22mN
0.5mL/min
1000ul
us CSRS-ULTRA 2mm
1 Lithium 0.11 ug/L
2 Sodium 0.42
0 V“\
I 3 Ammonium 041
. i . 4 Potassium 1.01
Minutes
5 Magnesium 098
6  Calcium 0.99
9
0.04— IonPac CGI12A  CS12A-5um 2mm
2 IonPac CGI12A
us 1
3 20mN
0
0.25mL/min
40mL
CSRS-ULTRA 2mm
T T T gl
0 5 10 15 2
Minutes Sodium <10 ng/L
Ammonium <10
Trimethylamine
10
7 lIonPac CGI2A  CSI2A 2mm
Amine Matrix lonPac CG12A
at 10min from 5mN to 30mN H,SO,
us 0.25mL/min
9 7.5mL
1 CSRS-ULTRA 2mm
0
Lithium 0.1 ug/L
T T T T T ] .
0 5 10 15 2 %530 Sodium 1.0
Minutes
11
Dionex
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IonPac CS12A
NH,"

Ml’l2+ Ca2+ Mg2+

Dionex

Page 51 of 113



lonPac CS14
IonPac CS14 1 Lithium 0.5mg/L
/ 2 Sodium 2
ImL/min 3 Ammonium 2.5
25ul 4  Methylamine 5
CSRS 5  Ethylamine 5
6  Dimethylamine 10
7  Potassium 5
8  Trimethylamine 20
9  Propylamine 5
10 Morpholine 25
11 sec-Butylamine 10
12 iso-Butylamine 10
13 Magnesium 2.5
0 5 10 Mi;ﬁtes 20 25 30 14 Calcium 5
15 2-Methylpiperidine 20
16 Di-n-propylamine 20
17 3-Methylpiperidine 20
18 Cylohexylamine 20
19 N-Methylcyclohexylamine 20
20 Tripropylamine 20
1 IonPac CS14 /
i 3 IonPac CS14 CGl14
i | 8mM /5%
ImL/min
' 1.0mL(IonPac CG14 )
N |
| | . 1 Lithium 0.5ug/L
‘ | || I'. 2 Sodium 2
: |I | \ . 3 Ammonium 150
L H_,I\_."'u.»i "\h,\ » II'\.,_ - _,'N_ AN 4  Potassium 2
I"*’ . . 5 Morpholine 200
4 I 14 6  Magnesium 2
! 7 Calcium 10

Li* Na* NH,” K" Mg* Ca*

Dionex
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‘- IonPac CS14
/
8 ImL/min
i 18uL
1 | |'| 1 Lithium 0.5mg/L
| 2 Sodium 2
‘ ; ‘ 3 Ammonium 2.5
m U‘| U 4 Ehylamine 10
______,l AV lL_J _.'| 5  Potassium 5
T I T | ‘__—_| 6  Diethylamine 10
: ’ \ .:: ) I : 7  Magnesium 2.5
8  Calcium 5
9  Triethylamine 50
3
IonPac CS14
10mM /1.5%
B - 2 ImL/min
18ul
I 5 ' CSRS
ps 1 Lithium 0.5mg/L
2 Sodium 2
3 Ammonium 2.5
4 Triethanolamine 400
5  Potassium 5
I 1 6  Magnesium 2.5
d Minute " 7  Calcium 5

4 TonPac CS14

Dionex
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4 Elsmnt A IonPac CS14
2 4 1 A 9mM MSA
) ‘ ! | g | ] at 7min to 11mM MSA at 12min to 40mM
N ‘1 s || o MSA
B 6mM MSA+2%
! at 9min to 8mM MSA+10%
' u I z ImL/min
] ) Elue 25uL
; 4 11 CSRS
H .| ? ' 5 7 -MI 1 Lithium 0.5mg/L
I " 2 Sodium 2
3 Ammonium 2.5
0 E 4 Potassium 5
M 5  Propylamine 7.5
6  tert-Butylamine 12.5
7  sec-Butylamine 12.5
8  iso-Butylamine 12.5
9  Magnesium 2.5
10 n-Butylamine 37.5
11 Calcium 5
5
IonPac CS14
7 4mM /5.45mM
q ImL/min
: 25uL
‘ ‘ P CSRS
’ E || ||| 1 Lithium Img/L
‘ “ H _ ||I | |I 2 Sodium 4
? N\ lLI '.u.'ﬁ'-_hh_). '\ ).l Iu ) 3 Ammonium 5
. '—“lll"d 4 Potassium 10
V 5  Manganese 2.5
' : 6  Magnesium 5
7  Calcium 10
6 Mn®* Li* Na* NH,” K" Mg** Ca*
Dionex
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6 _ TonPac CS14
L MSA 2.5mM 18- -6
ImL/min
25uL
' Y CSRS
e 12 1 Lithium 0.5mg/L
] . 2 Sodium 2
5 I | ] 3 Diethanolamine ?
'l |l| |I| :| m |.| \ N 4 Methylaminoethanol 5
o b— |l ,I II',J ul I|,\‘_I UJI U - _Jllr\\\_ 5  Triethanolamine 200
6  1-(Dimethylamino)-2-propanol 10
| | . 1 ] 7  Diethylaminoethanol 10
o 5 10 1 :v'l a0 s 30 3 8  N-(n-propyl)diethanolamine 30
e 9  Magnesium 0.5
10 Calcium 1
11 Ethanolamine 5
12 Ammonium 2.5
13 Potassium 5
7 18- -6-
IonPac CS14 NH,"

Dionex
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lonPac CS15

IonPac CS15 CGI15 4mm
> 10mN /9%
2 1.2mL/min
40
us 1 4 6 25ul
5 CSRS
7 1 Lithium Img/L
3 2 Sodium 4
. 3 Ethanolamine 3
I | | 1 | 4  Ammonium 5
0 5 10 15 20 25 .
Minutes 5  Magnesium 5
6  Calcium 10
7  Potassium 10
1 NH,"
0.08 1 3 IonPac CS15 CG15 4mm
10mN /9%
2 .
us 1.2mL/min
40
25ul
00 CSRS
I T | ] 1 Sodium 100mg/L
0 5 ?0 15 20 2 Ammonium 0.025
Minutes
3 Calcium _
2 Na® NH,"
2 IonPac CS15 CG15 4mm
0.1 3 10mN /9%
1.2mL/min
40
us
25ul
1 CSRS
l ” 1 Ammonium 0.01lmg/L
0.0 2 Potassium 100
| ] { | 1
0 5 10 15 20 25
Minutes
3 KCl1 NH,"
Dionex

Page 56 of 113



o 2 IonPac CS15 CGI15 4mm
’ 10mN /9%
1.2mL/min
us 40
1 25ul
CSRS
0.0 .
1 Sodium 0.01mg/L
2 Ammonium 100
| I 1
0 5 10 15
Minutes
4  NH, Na*

IonPac CS15 CG15 2mm
2mM (for 14min)
at 30min to 27mM

0.3mL/min
20 1
40
2.5ul
CSRS

1 Lithium 0.5mg/L

us

2 Sodium 2

3 Diethanolamine 10

4 Triethanolamine 100

00 5  Ethanolamine 5
I I | | | l 1 6  Ammonium 2.5

0 5 10 15 20 25 30 35 )
Minutes 7  Magnesium 1

8  Calcium 1.5

9  Potassium 5

5 NH,"

Dionex
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IonPac CS15 CG15 4mm
18mN /13%
00— 1.2mL/min
40
25ul
CSRS
us
1 Lithium Img/L
2 Sodium 4
3 Ammonium 10
- T 1 4  Magnesium 5
0 10 13 5  Calcium 10
Mimutes )
6  Potassium 10
6 18mN /13% NH,"

IonPac CS15 CGI15 2mm

2.5mM /6% (for 10min)
at 15min to 14mM /6%
1.09 0.3mL/min
40
2.5uL
CSRS
1 Lithium 0.5mg/L(ppm)
2 Sodium 2
3 Diethanolamine 10
4 Triethanolamine 100
I T T T 1 5  Ammonium 5
0 5 10 15 20 30 6  Ethanolamine 2.5
Minutes
7  Magnesium 0.5
8  Calcium 1
9  Potassium 5
7

IonPac CS15

Dionex
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lonPac CS16
30 mM Methanesulfonic acid IonPac CS16 5><250mm
30
1 .0 ‘
4 1.0mL/min
us ; 6 40
/\ 25ul
0 = CSRS-ULTRA 4-mm
I I I | ]
0 5 10 15 20 25
48 mM Methanesulfonic acid 1 Lithium 0.1mg/L
30 2 Sodium 0.4
] 123 5.4 6
3 Ammonium 0.5
uS 4 Potassium 1.0
5  Magnesium 0.5
0
I I
0 5 10
Minutes
1 NH,"
IonPac CG16 CS16 5><250mm
30 mM Methanesulfonic acid
00877 1.0mL/min
1
40
CSRS-ULTRA 4-mm
0
I | | I 1 1 Sodium 100mg/L
0 2 4 6 8 10
2 Ammonium 0.01

48 mM Methanesulfonic acid

L

6 8

0.08
1
uS
0 ———ﬁ
I I
0 2 4

Minutes

Dionex
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0.07

us 1

Minutes

IonPac CS16  5><250mm
30mM
1.0mL/min
40
25ul

CSRS-ULTRA 4-mm

1 Sodium

2 Ammonium

CTC-1 column placed between Cell Out and Regen

In Ports

0.0lmg/L
100

0.6

IonPac CS16  5><250mm
26mM
1.0mL/min
65
25ul

CSRS-ULTRA 4-mm

W suppresspr outside oven,100mA
1 Lithium 0.05mg/L
0 2 Sodium 0.20
3 Ammonium 0.25
0 1]0 2|0 3'0 4  Ethanolamine 0.50
Minutes 5  Methylamine 0.50
6  Potassium 0.50
7  Dimethylamine 1.00
8  5-Amino-1-pentanol 2.00
9  Morpholine 2.00
10 Trimethylamine 1.50
11  Magnesium 0.25
12 Calcium 0.50
4 IonPac CS16
Dionex
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14— IonPac CS16  5><250mm
’ 12mM for 10min
at 20min to 50mM
1.0mL/min
70
25ul

CSRS-ULTRA 4-mm

suppresspr outside oven,100mA

Minutes 1 Lithium 0.1mg/L
2 Sodium 0.4
3 Ammonium 0.5
4 Ethanolamine 0.5
5  Diethanolamine 1.0
6  Potassium 1.0
7  Triethanolamine 2.0
8  Magnesium 0.5
9  Calcium 1.0
5
1109 . IonPac CS16 5><250mm
' 50 mM H
3 30mM
1.0mL/min
40
25ul
CSRS-ULTRA 4-mm
1 Lithium 0.lmg/L
2 Sodium 0.4
3 Ammonium 0.5
4 Potassium 1.0
3 150 mM #* 5 Magnesium 0.5
6  Calcium 1.0
Minutes
6 IonPac CS16 PH

Dionex
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IonPac CS16

Na" Li" 10 000 1

IonPac CS16 IonPac CS15 IonPac
CS16 40

Dionex
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—_—
———1
e ———T
F——
e
F—
Column; fonPac €517, 4 mm Suppressor: Cation Atlas® Electrolytic
Sample Volume: 25 ol Suppressor in AutoSuppression” : IonPac CS1 7,4mm
Eluent: A. 6 mM Methanesulfonic acid (MSA) Recycle Mode, 24 mA
Eluent B: 2 mM MSA isocratic to 11.0 min; . 2 SuL
step change to 7 m MSA Peaks: 1. Lithium 0.1 mg/L (ppm) . u
4111 min; isocratic (o 22 min; 2. Sodium 04
step change back to 2 mM MSA al 3. Ammonitm 05 A: 6mM (MS A)
22.1.min 4. Potassium 10 :
Equilibration time s 2 min 5. Dimethylamine Ll .
FlowRate: 1.0 mUimin 6. Tielhyamine 7.0 B: 2mM MSA, 10min
Temperatire: - 30 °C 7. Magnesium 0.5
167 § Celoom " to 7mM MSA, at 11.1min
A
7mM MSA, 22min
to 2mM MSA, at 22.1min, 2min
< .
i 7 : 1.0mL/min
[\ :30
u T T T T 1 : CAES, ,24mA
-+
1 Li 0.1mg/L(ppm)
16 - +
8 2 Na 0.4
3 NH," 0.5
6 8 n
" 1y 7 r 4 K 1.0
2
l 5 1.0
5
6 7.0
01 T T T T 1 2+
0 5 n i 0 5 7 Mg 0.5
Minutes
8563 +
8 Ca 1.0
1 CS17
Dionex
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‘ : IonPac CS17,2mm
(ol o G, (517, 2 Pl 1. L 0! o) : 25uL
SempleVolume: 25 o 2 S L] .
Bk 3 MSA s to 33 mi; 3. Ammonigm i 3mM MSA, 3.5min
Mo S mMMSh gafirtat 2y 4... Plassun 100 to 6mM MSA, at 12min
s 15 iy 5 Mapesim 9 .
gt OnMNSH 2207 Ltam 6mM MSA, to 15min
isorall 10 24 min: sl charge 1. Puisecing 100 to 40mM MSA, at 20min,
ek I M MSA a1 24! min § Cadaering 0 .
Eqilboningis i ) om0 40mM MSA, to 24min
FowRee, ~ 04DmLinin 0. Spemidne 200 to 3mM MSA. at 24.1min 2min
Tempeare, - 401C 1. Sperming L) ' ’
Suppesor (SRS ULIRA 2. : 0.4mL/min
Cation e Regenrating Soprssir® 40
AuoSuppresion RecyleMocs '
0m :CSRS-ULTRA,2mm, ,100mA
2 1 Li' 10ug/L(ppb)
! 2 Na' 40
3 NH, 50
b 4 K 100
o 2
5 Mg 50
B, i 6 Ca’’ 100
§ p !
1 !
| | 7 1000
—
o | : : , l 8 600
0 i 1 1§ il i 9 600
Hindes
- 10 200
11 400
2 CS17
Dionex
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Colume:+ lonPac C617, CS17, 2 mm Pecks. 1. Litium 25 ol fopo) : TonPac CS17,2mm
Sample Volume: 25 o 2. Sodiom 100
Eluent: 0.5 mM100.7 mM MSA graiert 3. Anmonium 125 - 25ul
4125 min; tep changeto 4 mhd MSA 4. Hydrazine 1000 .
a1 251 i soeraic 0 27 min 5, Ehnolamine % 0.5~0.7mM MSA ,at 25min
sepenange o5 mM MSA 2L 211 min; 8. Potassium 20 .
isacrac to 3 mir, Sep change btk T, 2{2-aminoelhony) to 4mM MSA, at 25.1min
100.5mM MSA & 37.1 min ethanol 1000 .
Eailtvation time s 2 min b Samo-lpne S0 4mM MSA, to 27min
FlowRale: 0,35 mLimin 9. Mophofine 1000 .
Temperare:  30°C 10. 2-Ciethylaming ethanal 1000 to 6.5SmM MSA, at 27.Imin,
Suppressor:  Cation: Atlas Electrolyic Suppressor 11, Cyclohexlamine 1000 :
in AuloSuppression Recycle Made, 12. Magnesium 125 6.5mM MSA, to 37min
S 13, Gl ) to 0.5mM MSA, at37.1min, ~ 2min
130 . : 0.35mL/min
] :30
10 ( :CAES, ,8mA
9|
& \ 1 Li 25ug/L(ppb)
; :
] ] 0l 2 Na 100
! A 5 % .
i }UU 5 ﬂ\ | 3 NH, >0
____A__;\uU\NL/ ULAJ\JLL 4 1000
0 T T i I
0 0 1 ¥ 0 5 250
Minues - 6 K 250
7 2-(2- ) 1000
8 5- -1- 500
3 CS17 9 1000
10 2- 1000
11 1000
12 Mg* 125
13 Ca* 250
Dionex
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: IonPac CS17,4mm
Column: lonPac C$17, 4 mm Peaks: 1. Lithium 0.1 mg/L (ppm)
Sample Volume: 25 ot 2. Sodium 04 :25ul
Eluent: 0.5mM Lo 0.8 mM MSA gradient 3. Ammonium 05 .
25 min;step change o 9 mM MSA 4. Bthanolamine 05 0.5~0.8mM MSA ,at 25min
at 25.1 min; isocratic to-35 min; 5. Potassium 10
step change back 0 0.5 MM MSA 6. Digthanolamine 10 to 9mM MSA, at 25.1min
a 35,1 min 1. Trigthanolamine 180
Equilioration time is 2 min 8. Magnesium 05 9mM MSA, to 35min
Flow Rate; 14 mL/mia 9. Calcium 10
bt 0% . to 0.5mM MSA, at 35.1min, ~ 2min
Suppressor: ~ Calion Allas Electrolytic Suppressor
in AutoSuppression Recycle Mode, - 1.4mL/min
43mA s
U :30
X :CAES, A3mA
s 1 Li 0.1mg/L(ppm)
| 2 Na® 04
& i
;o f 3 NH, 0.5
1 2 3 ] i‘ 4 0.5
4 t +
e U UL J \_~_J 5 K 1.0
B T T T
0 0 % 0 6 1.0
Minutes
7 18.0
8 Mg* 0.5
4 CS17 9 Ca 10
: IonPac CS17,CG17,2
Column: . lonPac CG17,CS17, 2men Pesks: 1. Litium 003 my!L {pp) o
Sample Volume: 234 2. Sodiim 00 :25ul
Fliest: 05 mM o 1.1bd MSA gracient 3. Anmonium 04 .
2l 12 min; gradient 10 1.3 mig 4. Patassium 0% 0.5~1.1mM MSA at 12min
MSA a1 16 min; redient o 5. Ehylamine 050 to 1.3mM MSA. at 16min
10 MSA 1 25 min; 1. lgt-Butylamine 1.5 ' ?
iscgratic 1o 27 min; step change back 8. sec-Bulylaming 125 to 10mM MSA, at 25min
100.5 M MSA 21 27.1 min 9. iso-Butylamine 125 )
Equibreon ime s 2 min 10.0-Butyamine 3 10mM MSA, to 27min,
FowRale — 040mLimin 11.1,2-Dimeltylpropylamine 1.00 . .
Temperatire: - 40C 12.0i-mpropyamine. 100 to 0.5mM MSA, at27.1min, 2min
Stppressor: - - Ction Alas Elctiolytc Suppressor 13 Magnesium 0 - 0.40mL/min
inAdtoSuppression Recyele Hode, 14 Caleiurn K
13mA 40
180 :CAES, ,13mA
i 1 Li" 0.03mg/L(ppm)
2 Na 0.1
3 ! | 3 ONHS 034
8 !
. ‘ 7 ll . l S 0.25
| i 1 i
P _n
1 E [L L[ I’UM fl }\ 6 unknown
b L i
SRS W\ LJ WUl 7 tert- 1.25
010 i T |
0 10 2 1 8 sec- 1.25
Minutgs 9 iso- 1.25
L]
10 n- 3.75
o ) 1 1.2- 1.00
5 CSl7 12 Di-n- 1.00
13 Mg* 0.14
14 Ca” 0.34
Dionex
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Coloma: lorPac 0617, CS17, 2erm Peks: - A8 : IonPac CS17,CG17,2mm
Sample Volume: 25 4 1. Littham 5 -l .
Fluert; M MSAsocratic o35 min; % 2?nmum' gg 1? : 25ul
3mM 106 mit MSA gradiént . AMONIIM i
at 12 min; isocratic lr? 15 min; g :ﬂotassiqm N8 : 3mM MSA,to 3.5min
gradien to 40 mM MSA &L 20 min; . Magnesium u - .
iceratc 1o 24 min; g change bk g E{ah‘fl'“mn. , % 2{])?) to 6mM MSA, at 12min
o 3 mMMSA 3241 min .~ Einyleneciamine - .
Exilbraiontimeis 2 i g }évgmpaﬂﬁdiamine ;08 s 6mM MSA, to 15min
FlowRae: 040 mUmin . 1.6-hexanediamine 0 - )
Temperalore:  401C 10.NN-dielhylerediamine - 200 to 40mM MSA, to 20min,
Suppressor:  CSRS ULTRA 2-mm Cation 1.0.)-bephanedtamine. 125 - .
Seb-Regeneraling Suppressar, WZ.%ihN,lN,N;g(ra'methyL . 40mM MSA, to 24min
AutoSuppression Recycls Mode, elnylenediamine - . .
100mApp ¥ W bwwedame %0 - to 3mM MSA, at 24.1min, 2min
14.3,3-diaminapropyleming - - 200 . .
181 8nonenedlamine 375 - : 0.40mL/min
1T 4 16.1,10-caregiamive. 375 - 40
8
:CAES, ,100mA
l A B
= ! I Lif 5 _ug/L(ppb)
; 1 1 2 Na' 65 16
5
| | 3 NH 89 4
UUL 4
010 : , , . 4 K 47 8
(] 10 15 il % 5 M g2+ 24 7
2+
Wy 6 Ca 56 18
1 7 _ 200
1 8 1,2 500 3
o . 9 1,6- 250 _
0 10 N,N- ~ 200
[}
11 1,7- 125
A -
12 N,N,N,N- 200
010 T ; . . _
0 10 15 2 o 13 1,8- 250 _
Mingtes
72 14 3,3- _ 200
15 1,9- 375 _
16 1.10- 375
6 CS17
CS17 R
CS17 1.45meq
col
Dionex

Page 67 of 113



lonPac SCS1
Colume: ~ See chiomatograms
Elyent: 3 mM methanesulfonic acid
(A) fonPac SCS 1, 4mim Flow Rale:  1.04mL/min : 3mM MSA
5 5 I Volume: 25 ot _
1 14 Temperature; 301C : 1.0mL/min
z Detection:  Nonsuppressed conductivity
5 6 7 :25ul
oS
Peaks: A B
] }1 JLJ Litien 04 05 mgt ppm) : 30
’ T 2Sudem 18 2
-1 T T T T T T 1 3 Ammonum 20 25
0 5 Beon 5w % AHnnoamie 200 —
Minutes 5.Poussun 403 A B
6. Magnesium 20 25 —+
G (B)lonPaz SC6 1, SCS 1, 4 mm )Cddm 40 5 ILi 04 05 mg/L(ppm)
1,3 2Na' 1.6 2
5 5 ?\ 7 3NH, 20 25
5 -,._..JJL_._J\ 4 20
08 =y T T T T T 1 S5K'
0 5 1N B B W B 40 5
Windes 6 Mg** 20 25
18013
7 Ca** 40 5
1 SCS1
Col: fonPac SCG 1,651, 4mm : lonPac SCS1, SCG1, 4mm
Conc, Colyran: lonPac TCC-LP1, 4 35 mm .
- . Fluent, 3 methanesilonic zcid "JonPac TCC-LPL, 4><35mm
! 3 Temperaure:  301C : 3mM MSA
Fowhae  1.0mbmin .
Inj. Volume: - 3mL : 1.0mL/min
. . Deteclion: ~ Nensuppressed conductiviy - 3mL
l i Peks: 1, Sodium 0.25 oL {opt) 230
\ 2 hmmoim - -
1 ,2\ 3. Eandgmie - 000
—'-*-—f mirrmssssnebod Sk .
-wezg 5| ]|0 115 1 Na' 0.25 ug/L(ppb)
Minutes 2NH," _
3 3000
30
2 SCS1
Dionex
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Column: ~~ lonPac SCG 1, SCS 1. 4 mm - TonPac SCS1. SCG1. 4mm
Ploent: 3 mM methanesulfonic &cid ’ ’
Flow Rate: 1.0 mb/min - 3mM MSA
nj, Volume; 25
Temperature:  30YC - 1.0mL/min
100 7 1 Detection: - Nonsuppressed conductivity
] :225ul
Peaks: 1. Sodium 100 mg/tippm)
2. Ammonium 01 230
&
K\z 1 Na"
a 100 mg/L(ppm)
o — —— 2 NH, 0.1
-1 T T T 1T T 1T T 1 4 :
0.2 4 6 8 0 12 1182
Minutes
1937
3 SCS1
: IonPac SCG1,SCS1,4mm
Column:—lonPac SCG 1, SCS 1 4 - 3mM MSA
Elugnt: 3mM methanesulfonic acia
FlowRale: 1.0 mLimin : 1.0mL/min
inj. Volume; 25 .
Temperatre: 30 :25ul
206 Detection: . Nomsuppressed conductivity .30
' Pesks; 1. Lithium 05 mgll (pmi
2. Sodium 1
13 3. Ammorim 2
%) 4. Mongthanolanine 5 o+
05 < P ‘ 1Li 0.5 mg/L(ppm)
R B 6 Detwomre 10 2Na' 2
liﬁ | h ) 1, Tiethanclamine i .
“E | }] | !11 f\\ 8. Mebydtaralarine 20 3 NH, 2.5
11 i 8. Magnesium 25
! i‘\f‘uJL...JU U L_,___J Le 10 Clitm 5 4 >
AT T T T 5K* 5
0 5 M B AN BN B
Minuies 6 10
19376 7 20
8 20
9 Mg?* 25
4 SCSI1 10 Ca?* 5
Dionex
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: TonPac SCG1,SCS1,4mm
Column: - lonPac SC6 1, SCS 1, 4mm : 3mM MSA
Eent: 3 b mehanesuonit e/ 0% acetontrle . .
Temperge: 30K + 1.OmL/min
FlowRate: 1.0 mLimin -25ul,
Inj. Vol 25 of
409 Defection:  Nensuppressed conduclivity 130
Pesks: 1. Lithium 05 mgfl {opm)
2. Sodium 2
3. Ammonium 28
" 11 4. Motoetinolanne 5 1Li" 0.5 mg/L(ppm)
0 b 5 Gighenclamine 10 )
‘ 56 ’ J 1 5. Palassum § 2 Na 2
b L 1. Trietharolamine 0 i
By ‘U b Melydetdanie 2 3 NH, 2.5
! 9. Magnesium 5 4 5
10 Diisopropylamine 20
- B B N E | .
O N T 11, Cakiom 5 5 10
Minges 6K" 5
“uEig
7 20
8 20
9 Mg** 25
5 SCS1 10 20
11 Ca* 5
Colutne: . JonPag SCG 1, 5CS 1, 4mm : IonPac SCG1,SCS1,4mm
Conc. Column: JonPac TCC-LPY, 4 x 35 mm
Bt~ 25mM MSAB mM oallc zid : lonPac TCC-LP1, 4><35mm
Terperalure:  301C
FlowRale:  1.0mLimin :2.5mM MSA/0.8M
). Volume: -~ 3mL . :
<1017 4 Detection: ~ Nonsuppressed conductivity + 1.OmL/min
Peaks: 1. Lithim 035 agit {pob) - 3mL
2 Sodium 69 230
3. Ammonium 69
4. Ethanolaming 7000
5. Potassium 58
8. Diethanclamine 69
1. Iinc 11 n
8. Cobak £6 1 Li 0.76 ug/L(ppb)
9. Magnesium 93 ¥
10.Manganese 69 2 Na 6.9
T R R I 3NH," 6.9
Minites 190
4 7000
5K 5.6
6 SCSI 6 6.9
7 Zn*" 7.1
8 Co*" 6.6
9 Mg** 9.3
10 Mn?* 6.9
11 Ca* 72
Dionex
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: TonPac SCG1,SCS1,4mm
Column: lonPac SC61,5C5 1, 4 mm
Eluent: 4mM tartaric acid/2 mM oxalic acid :4mM 2mM
Temperature: 30
FlowRete: 10 mL/min : 1.0mL/min
Inj: Volume: 25 ot
Detection:  Nonsuppressed conductivity :25ul
8150 Paaks: 1. Copper 10 mg/L{ppm) 30
2. Lithium 05
3. Sodium 2
4. Ammonium 25
5. Nicket 10 .
6. Potassi 5
L 1 cu® 10  mg/L(ppm)
8. Cobalt 1 -+
9. Mangaiese 10 2Li 0.5
10. Magnesium 2.5 3 Na' 2
11. Cadmium 10
12, Calcium 5 4 NH," 25
5N 10
19314
6K" 5
7 Zn*" 10
8 Co?" 10
2+
7 SCS] 9 Mn 10
10 Mg** 25
11 cd* 10
12 Ca** 5
IonPac SCS1 SCIC
PH 2 7 100
4-mm ICS1000 ICS1500 I1CS2000
2-mm I1CS2500 DX-800
EG40/50
30 3mM MSA PH2.5
35 IonPac Mixer
2
Dionex
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lonPac ICE-AS1

5 IonPac ICE-AS1
3 0.4mM
2 1.0mL/min
N 50uL
T8} L 5
AMMS-ICE
1
6
2
0 U 3
4
T T T L
0 10 2 30 4 5
Minutes
6
1 Cl1~Cé6
100— . IonPac ICE-AS1
1mM
0.8mL/min
AMMS-ICE
us
2 52%
) 1
3
2
0 3
T 1
0 15 30
Minutes
2
3_ TonPac ICE-AS1
0.1lmM 100mM
1.0mL/min
1 AMMS-ICE
us 1 10 mg/L
2 2 80

0——]

1 T T 1 T 71 1

0 2 4 6 8 10 12 14 16
Minutes

Dionex



120 - TonPac ICE-AS1
2 20mN
1.0mL/min
50ul
nC
1 Mannitol
1 2 Sulfite 104 mg/L
0
T T T T T 1
0 2 4 6 8 10 12
Minutes
4
1
TonPac ICE-AS1
0.1M
1.0mL/min
0.5M NaOH
Ag
1 Cyanide 10 mg/L
I T T 1
0 5 10 15 20
Minutes
5 TIonPac ICE-ASI AMMS-ICE PH

mAU

Minutes

IonPac ICE-AS1
SmM
1.0mL/min

uv 210nm

—_

O 0 3 O W B W N

uv

Dionex




IonPac ICE-AS1
6
607 50mM
0.8mL/min
: 25uL
3
" 2 1] 1 SomglL 7 50
1
i 2 50 8 2- 200
1
8 [2 3 50 9 1I- 200
10 4 20 10 2- 200
’ 5 20 11 1- 100
T T T T T T ] 6 50 12 3- -1- 300
0 5 10 15 20 25 30 35 40
Minutes
7
20
L) 1 mM PFBA
3
us 4 TonPac ICE-ASI
PFBA
5
. 1.0mL/min
U 50ul
’ AMMS-ICE
T T T T 1 1
0 10 20 30 40 50 2
Minutes
3
20 4
4
1 1 mM PFBA in 5
2 10% Acetonitrile
6
3
uS .
6
0 ( Ju
T T 1
0 10 20 30
Minutes
8

Dionex




IonPac ICE-AS1

Dionex



ICE-AS6

IonPac ICE-AS6
0.4mM
10 1.0mL/min
T 50ulL
AMMS-ICE
us 1 5.0 mg/L 6 10.0
2 10.0 7 10.0
3 15.0 8§ HBA 30.0
4 20.0 9 25.0
’ 5 10.0 10 25.0
Minutes
1
IonPac ICE-AS6
10 1.0mM
—} 1.0mL/min
0.25% 50ul
us AMMS-ICE
1
2
00 3
1 1 I 1 4
0 5 10 15 20
Minutes 5
6
2

IonPac ICE-AS6

0.4mM

1.0mL/min
50ulL
AMMS-ICE

1 9
10
11 Unknown

12

13 Unknown
14
15
16

Minutes

0 N N B W

Dionex




IonPac ICE-AS6

2 0.4mM
i 1.0mL/min
us
50ul
1 34 AMI\JC‘ e
6 7 8
0 1 5
[ T T |0 6
10 15 2
0 ’ Minutes 2
3 7
4 8 Unknown
4
o TonPac ICE-AS6
0.01M
3 1.0mL/min
: 45 uv 210nm
AU 1
2 2
3
00 4
T T T T 11 5
0 2 4 6 8 0 12 1
Minutes
5 uv

4.0}
4

uS

0.0

IonPac ICE-AS6
75mM
1.5mL/min

Dionex




—
0.4 mM Heptafluorobutyric Acid
IonPac ICE-AS6
1.0mL/min
AMMS-ICE
1
2
3
I I I I T T 1 4
0 5 10 15 20 25 30 3 5
Minutes
0.4 mM Heptafluorobutyric Acid in 10% Acetonitrile 6
5.0W 7
8
KS
0.0
1T 17T 1T 1T 17T 17T 717171
0 2 4 6 8 10 12 14 16 18 20
Minutes
7

IonPac ICE-AS6

Dionex



ICE-Borate

usS

TonPac ICE-Borate Column
TonPac TBC-1
2.5mM 60mM

ImL/min

AMMS-ICE
25mM TMAOH
15mM
160mL at 8mL/min
Sppb

100ng/L
1 Borate

ppt

271 A Before breakthrough

us '————}
2

Minutes
21 B After breakthrough

Minutes

IonPac ICE-Borate
TonPac TBC-1
2.5mM 60mM

ImL/min
AMMS-ICE
25mM TMAOH
15mM
3mL/min
8mL/min
160mL
1 Borate as boron 700ppt

IonPac ICE-Borate

Dionex

ng/L  ppt

TBC-1




lonPac NS1
IonPac NS1 10um 1 Fluoride 5 mg/L
A 1mM TBAOH 2 Chloride 1
ImM Na,CO;, 10%ACN 3 Nitrite 2
B ImM TBAOH, 4 Bromide 2
ImM Na,CO3;, 20% ACN 5 Nitrate 2
1.0mL/min 6 Sulfate 2
50uL 7 Phosphate 3
ASRS 8 5
10mN 9 5
10 10
0257 Eluent A 0257 Elvent B
0 5w 1520 0 10 15 20 25 30
Minutes Minutes
1
8.0
IonPac NS1  10um
2mM
24% ~48% 10min

1.0mL/min
50ul
ASRS
0 2 4 6 8 10 12 14 16
Minutes 10mN
1 5.0mg/L 5 1- 8.9
2 1- 8.6 6 1- 8.9
3 1- 8.7 7 1- 9.1
4 1- 8.8
2

Dionex
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2019 m IonPac NS1  10um 25ul
2mM CSRS
20% ~80% 10min
1.0mL/min
(as the chloride salts) 4 5
25mg/L 5 50
50 6 100
— T 25 7 100
0 2 4 6 8 10 12 14
Minutes
3
IonPac NS1  10um CSRS
07 34 2mM 2%
: 1.0mL/min 10mN
LE 25ul
us 67
1 Lithium 5.0mg/L 6 50
80 2 Sodium 2.0 7 100
00 —J Y 3 Ammonium 5.0 8 Calcium 50
' ' . - 1 4  Potassium 5.0 9 Magnesium 25
0 5 10 15 20 25
Minutes 5 25
4
IonPac NS1 10um
1.0mL/min
1 24% 6% 0.03mM
2 60% 24% 0.05mM
g SmM
0~100% E2 in 20min
) AMMS-ICE
42
3 58 1 8
ICE 1 S 2 9
Region | 1112
013 14 3 10
Baseline 4 11
0 2 ) 5 12
Minutes 6 13
7 14
5
Dionex
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0.1

4 IonPac NS1 5S5um
. 3.0mM
32% ~48% 10min
1.0mL/min
. UV  254nm
1
3
2
3
00 [ L__JL
T T T T 1 4 -
0 6 8 10 12 14
Minutes 5
6
IonPac NS1
/
Dionex
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OminiPac PCX-100, PCX-500, PAX-100  PAX-500

OmniPac PCX-500 PCX-100
HCl NaCl ACN

1.0mL/min
UV  254nm
[ I I ] 1 10
0 5 10 15
Minutes 2 4 11
3 12
OmniPac PCX -100
/1,2,10,12,13,15—18 4 13 2.4
: 5 14
6 15 N- -N-
72,2 16 4- -2-
8 17 26- -4
I I T ]
0 5 10 15 9 18
Minutes
1 PCX-500 PCX-100 PCX-500
PCX-100 1 2 10 12 13 15-18
OmniPac PCX-500
HCl DAP ACN CMMS-
1.0mL/min 0.IM TBAOH

1 Lithium 8

2 Sodium 9

3 Ammonia 10

4 Potassium 11

5 12

6 13 Magnesium
7 14 Calcium

0 5 10 15 20 25
Minutes

2 PCX-500

Dionex
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LiCl Eluent

OmniPac PCX-500

HCl CI' ACN
1.0mL/min
UV  254nm
=
0 5 10 15 1 10
Minutes
6 2 4 e 11
1
KCI Eluent 12 3 12
1245 4 13 24-
5 14
6 15 N- -N-
I I [ | )
0 5 10 15 7 22- 16 4- -2-
Minutes 8 17 2,6- 4-
9
3 Li" K' Li
K+
UV Detection OmniPac PCX-500
HClI DAP ACN
1.0mL/min
UV  254nm
Minutes 1 C 7
2 B; 8
Suppressed Conductivi
pp " onductivity 3 9 B,
2
? 4 H 10
Kt Mgz+ Ga
L/\ 5 11 ( B))
| | | 1 6
0 5 10 15
Minutes
4
Dionex
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! OminiPac PAX-500
CO;*/ACN
> 1.0mL/min
. UV  254nm
7
3 . 1 7  Carprofen
. 2 8
2 3 9
0 11
N 10!\ LJ\J 4 10
5 11
; T T T 1 6
0 5 10 15 20 ’
Minutes
5
Multimode Retention on PAX-500 12
2 4 0 OmniPac PAX-500
- CO;*/ACN
1.0mL/min
3 UV  254nm
1 7
UU 2 8 N- 5 5
—_MJ 3 9
I |
0 5 4 1 10
Minutes 5 11
. _ . 6 12
Anion Exchange Retention on PAX-100
1
3
OmniPac PAX-100
5 87 CO;*/ACN
) 1.0mL/min
UV  285nm
4|
8 1 >
2 6 N- -5 -5
3
-] 4 7
[ 1
0 10
Minutes
6
Dionex
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OmniPac PAX-100

NaOH, MeOH,
1.0mL/min
UV 254nm
1 Fluoride 13 Nitrate
2 14
3 15
4 16
5 17
6 18
r I I I I ] 7 19
0 10 20 30 40
Minutes 8 20
9  Chloride 21 Phosphate
10 Nitrite 22
11 23
12 Mannuronate
7
OmniPac PAX-500
27% NaOH
1.0mL/min
7 ;
8
Chloride 9  Sulfate

0 10 20 30
Minutes

AN L A W N =

10 Phosphate
11

8 OmniPac PAX-500

OmniPac PAX-100

7 NaOH
3 g 9 1.0mL/min
6
4
1 Fluoride 7
1 2 0 11
2 8  Phosphate
3 9
] [ [ I [ | 4 Chloride 10 Iodide
0 5 10 15 20 25 30
Minutes 5 11
6
9
Dionex
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OmniPac PAX-100
1 NaCl/NaOH
10 1.0mL/min
5 8 13 UV 254nm
6
1 8
! . no12 2 9
2
3 10
3
y L_ 4 } 11 25-
| T I T | > 12
g 5 10 15 20 6 34- 13 124,5-
Minutes
7
10
OmniPac PAX-100
NaOH/
1.0mL/min
1 Ins(2)P 6 Ins(4,5)P2
2 Ins(1)P 7 Ins(1,3,4)P3
3 Ins(4)P 8  Ins(1,4,5)P3
4 Ins(1,4)P2 9  Ins(2,4,5)P3
e 5 Ins(2,4)P2 10 Ins(1,4,5,6)P4

0 10 20 30 40 50 60

Minutes

11

Minutes

—_

O 0 9 N Bk~ W

OmniPac PAX-100
HCIO,
1.0mL/min
UV 254nm
Indigo Carmine
Orange G
Tropaeolin O
Orange
Alizarin Red S
Orange
Chrome Azurol
Acid Blue 40
Thymol Blue

NaClO4/ACN

10
11
12
13
14
15
16
17

Acid Blue 113
Fluorescein
Methyl Green
Acid Red 114
Acridine Orange
Nile Blue
Rhodamine B
Malachite Green

12 OmniPac PAX-100

Dionex
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OmniPac
OmniPac PAX-500 PCX-500
OmniPac

OmniPac PAX-100

OmniPac PAX-500

OmniPac PCX-100

OmniPac PCX-500
L]

Dionex
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AminoPac PA1l

Ju—

O 0 9 AN W bk W

—_
[e]

Ju—
J—

—
\9)

e e e
~N N N B~ W

AminoPac PA1

Dionex
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AminoPac PA10

0.25M NaOH 4 10 16 22
1.0M NaOAc 5 11 17
6 12 18
1 7 13 19
2 Omithine 8 14 20
3 9 15 21
2757
17 21 ] — 80
B
- 60 Eluent®
0.25mol/L NaOH
— 40
— 20
1.0mol/L NaOAc -
- 0

GalN

Thr (Cys)2 Tyr
Arg\

A: 200-pmol Standard

Glu B: Collagen Hydrolysate

Phe‘ Asp

His I

0 5 10 15 20 25 30 35 40
Minutes

Dionex
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AminoPac PA10

pHO-14
pH

Dionex
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CarboPac PA1l

CarboPac PA10

CarboPac PA10 PG10 Borate Trap
52mM NaOH
A 1.5mL/min
Sul
ED40

4.0 ug/mL

2.0

1.5

3.0

5.0
8.0
2.0
8.0

AW =
0 9 N W

Minutes

CarboPac PA10 PGI10

s N 18mM NaOH
1.5mL/min

=g 10ul

5 ED40
6

o

N

IS

=3

©

=]

N

=
LSV I )

1 CarboPac PA10 A

CarboPac PA1
A 0.1 M NaOH
B 0.l MNaOH 1.0M NaOH
20%B to 60%B in 40min
ImL/min
3000nA
PAD

0.1M NaOH

(', 1|0 zlo ;0 }0 Sample Courtesy of Dr. c. Mitchell
i California natural Products, Manteca, CA

Dionex
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CarboPac PA10
2071 A 0.1 N HC Digestion A 100mM NaOH
nc 2 ] B 100mM NaOH/1M NaOAc
Lo e,
T T ImL/min
0 B Newraminidase Digestion 25uL
2 3 ED40
nC
)
e e I 3 WP | W
0 : | I NeuSAC
0 5 10
Minutes 2 KDN
3 Neu5GC
3 bovin transferrin
CarboPac PA1
1mL/min
10,000nA

Minutes

PAD
A  100mM NaOH
B 100mM NaOH/IM NaOAc

1 o-D-Galactosamine-1-P  1.13 ug 9  D-Glucose-6-P 1.25
2 o-D-Glucosamine-1-P 0.45 10 D-Fructose-1-P 0.96
3 oa-D-Galatose-1-P 1.75 11 D-Fructose-6-P 0.42
4 o-D-Glucose-1-P 1.75 12 A-D-Glucuronic acid-1-P 3.08
5 o-D-Ribose-1-P 1.46 13  A-D-Glucose-1,6-Di P 1.06
6 B-D-Glucose-1-P 1.75 14 B-D-Fructose-2,6-Di P 0.92
7 D-Glucosamine-6-P 3.75 15 D-Fructose-1,6-Di P 0.92
8 D-Galactose-6-P 2.04
4
Dionex
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Amino Trap, CarboPac PA10

18mM NaOH
1.5mL/min
166 Quadruple Potential Waveform
ED40
1 5 pmol
2 5
3 5
Minutes 4 3
5 5
6 5
5 CarboPac PA10
A Without BorateTrap
907 2 , CarboPac PA10
: 18mM NaOH 10ng/mL
e 4 d 1.5mL/min
) ] 1
-5 T T
0 5 10 2
B With BorateTrap
100 7 ) 3
| 2 :
nC 11 ’l 45 i
! | A 6
L UWY
. i L_____} \ N
- 7 T
0 5 10
Minutes
6
A Without AminoTrap
80 i
CarboPac PA10
18mM NaOH
nC
1.5mL/min
. ‘ ! ED40
0 5 10 15 20
Minutes 1
B With AminoTrap 2
80 3 3
4
nC . 2 . 5
Ut
ot T T T 1
0 5 10 15 20
Minutes
7 IegG
Dionex
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CarboPac PA1 PGl

2 150mM NaOH
4 ImL/min
| 50uL
nC
1 4.39%
L} 2 6.67
3 3
T T T T 1 4 30.8
0 2 4 6 8 10
Minutes
8
CarboPac PA1  PAI10 PAD
CarboPac PA1
CarboPac PA10 EG40
Amino Trap
Dionex
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CarboPac PA-100
CarboPaC PA-100
0-80mM NaOAc 250mM NaOH
ImL/min
0 25ul
2
ED40
. i 57 3w 1 Fucosylated Man;GIcNAC, 7 Asialo bi, core fuc
n 8
st o 2 Man;GIcNAGC, 8  Asialo bi
3 Asialo agalacto bi, core fuc 9 Asialo tri
0 ‘ : : : . 4 Asialo agalacto bi 10 Bisected hybrid
¢ ° * Minutes " . ® 5 MansGIlcNAC, 11 Asialo tetra
6 Asialo agalacto tri 12 ManyGIcNAC,
1 12 N 20min
CarboPaC PA-100
0-250mM NaOAc 100mM NaOH
ImL/min
PAD
Net Negative Charge
200 -
Fucosylated Man;GIcNAC, 6 Asialo bi

nA

20

0 10 20 30 40 50 60
Minutes

Man;GIcNAC,
Asialo agalacto bi, core fuc

Asialo agalacto bi

(O T N O S

Asialo bi, core fuc

7 ManyGIcNAC,

8,9 Disislylated bi(reduced)
10,11
12,13

Trisialylated tri(reduced)
Tetrasialylated tri(reduced)

Dionex
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F—
CarboPac PA-100
120
2 0-250 mM NaOAc 100mM NaOH
’ ImL/min
nA PAD
20
T T T T T -
40 45 50 55 60 65 70
Minutes

NANA —Gal — GlcNAc — Man, NANA— Gal — GIcNAC — Man,

E R = ab g o6

s B o \Man aGIcNAc 1—4G1cNAc il & /Man " GlecNAc 1:GI(;NAC

NANA —Gal — GleNA — Mar &3 © 2 NANA — Gal — GIcNAG — Marf @8 © .

26 fi-4 B12 o2-6 Bl-4 B12,

Bl-4 B4

NANA —Gal — GICNAC Peak 1 NANA — Gal — GIeNAC Peak 2

o023 P4 02-3 B4

3 CarboPac PA-100
1 2 02-6
o-2-3
5

A) Pure Orange Juice

CarboPac PA-100
NaOH/NaOAc

ImL/min

PAD

Minutes
5 —_
B) Orange Juice Adulterated with
Beet Medium Invert Sugar
pA
0
I T 1
0 10 20 30
Minutes
4
Dionex
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CarboPac PA-100 4><250mm
A 600mM NaOH
B 0.5M NaOAc
1000 _m 1000 3 C 18SmQ
A B 0.7mL/min
PAD
mv mv
12 2
0 T T T T 1 0 T T T T 1
5 15 20 25 30 0 5 10 15 20 25 30
Minutes Minutes

Seminars in Food Analysis, Vol. 2 No. 1/2, 1997, Corrandini, C. et. al.,
"Application of HPAE-PAD to Carbohydrate Analysis in Food Products and Fruit Juices”, Rapid Science LTD.

1 9
2 Aa,d- 10 Palatinose
3 11
4 12 /1-
5 13
6 14 Eriose
7 15 6
8  Unknown
5 A B
- 1600 CarboPac PA-100
00 : A 100mM NaOH
_ = B 100 mM NaOH /1M NaOAc
> g
% < ImL/min
g PAD
& S
a 5 1000nA
2 3
L 0.3% W/V 25ul
0 i 1 | L | | 1 1 | | | 1 | | | 0 | A | B
0 20 40 80
Time (min) 0 88 12
85 45 55
87 88 12
6
Dionex

Page 98 of 113




A) Maltose Oligomers

CarboPac PA-100
NaOH /NaOAc

nC

1ImL/min

ED40
600 — Minutes

i B) First Mash

o
o

10 15 20 25
000 — Minutes

nC 3 C) Wort

10 15 2 %
Minutes

(=}
3]

800 —

nC 4 D) Finish

o
o

10 15 20 25
Minutes

CarboPac PA-100
1-50mM NaOAc  5-85min in 100 mM NaOH
3 ED40

>

N- 1nmol
A CMD

1 56 B
nC

1 TriA-2S(Ia+2)

2 TriA-2S(Ia+Ib)
3 TriA-3S(2,6)
4 TriA-3S(2,3)
5  TriA-4S(2,6)

20 I %0 l 0 s &0 70 6  TriA-4S(2,3)

Minutes
8 N-
Dionex
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CarboPac PA100

Dionex
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CarboPac MA1l

"7 CarboPac MA1  4>250mm
480mM NaOH
0.4mL/min
ue ED40
1 - 7
2 8
U | | T T i 3 9
0 10 20 Minues 30 40 50 4 10
5 11
6
1
027 CarboPac MA1  4><250mm
1 18.6min NaOH
2 i 250mM  600mM
0.4mL/min
ue ) ED40

2
3 Glucopyranosylmannitol
0 | — T 1 | — | 4
0 5 10 15 20 25 30 35 40 45
Minutes
2
Tou
CarboPac MA1 4><250mm
3
150mM NaAC 0.2% V/V. HAC PH5.5
0.4mL/min
NaOH PAD
nA
4
1 4- 7.8mg/L
2 2 1,6- 2.4
y 3 Sucralose
I | [ | I 1
0 10 20 30 40 50 60
Minutes
3 Sucralose sucralose 400-800
Dionex
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087 A 1 CarboPac MA1 4>250mm
750mM NaOH
ue 0.3mL/min
25ul
Uy ED40
| I | |
0 5 10 15 20
097 B A)l 0.46ug/L
1 B) 1 0.45ug/L
uc
0.0
| T | T T T | ]
0 5 10 15 20 25 30 35 40
Minutes
4
6 - 1
CarboPac MA1 4>250mm
500mM NaOH
0.4mL/min
25ul
ue ED40
1 106ug/L
J : 2 17
0 T T T T T !
0 5 10 15 20 2 30
Minutes
5

500 —

nA

CarboPac MA1 4><250mm
500mM NaOH
0.4mL/min
PAD
1 0.39ug/L
2 1.1
3 0.34
4 0.06

Dionex
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s CarboPac MA1 4><250mm
500mM NaOH
2 0.4mL/min
ue 3 ED40
1 4 1 14ug/L
0 2 130
[ I I I I ]
0 10 20 30 40 50 60 3 36
Minutes 4 0.2
7
04 — CarboPac MA1 4><250mm
2 80mM NaOH 4min 11min
NaOH 100mM  850mM
} 5 67 0.4mL/min
4
pue ED40
1 2.0nmol
2 - 2.0
__\/J U 3 scyllo- 2.0
0 T T T T T T ! 4 2.0
0 5 10 5 20 % 30 3B
Minutes
8
0.16 — s CarboPac MA1 4>250mm
13 NaOH 100mM  850mM
2 8
13
6 10 12
14 0.4mL/min
9 ED40
nC
11
1 8
2 GalNAcol 9 GIcNAc
U U U 3 GlcNAcol 10
R U U 4 11  GalNAc
Y T T T T T T T 1 5 12
0 5 10 15 20 25 30 3 30 45
Minutes 6 13
7 14
9 B-
Dionex
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0.14+ 3
CarboPac MA1 4>=<250mm
500mM NaOH
0.4mL/min
5 10ulL
ue 2
ED40
1 1
\ 4 1 - 7
678
e 2 8
10
00 3 i 9
4 10
I I I I ]
0 10 20 30 40 50 3 1
Minutes 6
10 HPAE
015 — . CarboPac MA1 4>250mm
0.6M NaOH
0.4mL/min
ED40
uC
1 5
2 6
0 3 7
Minutes 4
11 CarboPaC MA1
CarboPac MA1 4><250mm
480mM NaOH
0.4mL/min
ED40
1
A . #
1000
910 1
810 2
710
600 3
3
) .
[ I ]
0 25 50
Minutes
12
RSD 0.8%
Dionex

Page 104 of 113



CarboPac MA1

Dionex
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DNAPac PA-100
028 ok DNAPac PA-100  4><250mm
NaClO, 7.5 124mM
25mM Tris-Cl  PHS8.0
AU 1.5mL/min
UV 260 nm
-20primer  17-mer
S T e
0 1|0 z‘o
Minutes

1 DNAPac PA-100 separation of crude synthetic-20 sequencing primer(17-mer) from its failure sequences

DNAPac PA-100 4><250mm
NaCl 100 450mM
25mM Tris-Cl  PHS8.0
1.5mL/min
UV 260 nm
pd(A)i2.18
1 pd(A)i 5 pd(A)s
. 7 5 1Is 2|0 2 pd(A)s 6 pd(A)
s 3 pd(A) 7 pd(A)s
4 pd(A)ss
2 NaCl lug pd(A)2.15
0047 DNAPac PA-100  4><250mm
NaCl 410 510mM
" 25mM Tris-Cl  PHS8.0
1.5mL/min
UV 260 nm
-0.001 Pd(A)so-60
: 10 18 2 %
Minutes
3 1.5ug pd(A)s.60 20min

Dionex
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A 4x250 mm
0027 1yg DNAPac PA-100 4><250mm
NaClO, 7.5
L 124mM 25mM Tris-Cl  PHS.0
0.33mL/min
0
T T T T T T T T 1 UV 260 nm
-20pri
S primer
AU
0
T T T T T T T T 1
028 9 g0y
AU
0
T T T T T T T T ]
0 10 2 0 ) 50 60 70 0 9%
Minutes
4A -20primer DNAPac PA-100 “<-20primer”~ 1 100ug
B 22 x 250 mm DNAPac PA-100 4><250mm
o167 1omo NaClO, 75
124mM 25mM Tris-Cl PHS.0
AU 0.33mL/min
UV 260 nm
-20primer
U T T T T T T T T 1
0 10 20 30 40 50 60 70 80 20
Minutes
4B 22><250mm 1.5mg 4><250 mm 50ug
4A 0.33mL/min 4B 10mL/min
Dionex
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0.008 —

AU

A pH8.0

0 2 4 6 8 10 12 14 16 18 2 DNAPac PA-100 4><250mm
Minutes
NaCl 500  900mM
0010 — B pH12.4 25mM NaOH PHI12.4
1 1.5mL/min
s | 4 UV 260 nm
AU pd(A) .18
1 pd(A)n 5  pd(A)s
0 w U\,/\,/\N 2 pd® 6 pdA)y
T T T T T T T T T 1 3 pd(A) 7 pd(A);g
0 2 4 6 8 10 12 14 16 18 20
Minutes 4 pd(A)15
5 A Attemped separation of 3 ug of pd(G);,.;5s with a NaCl gradient of PH8.0. Poly-G regions in DNA

can prevent oligonucleotide separation under nondenaturing conditions. (B) Resolution of pd(G),.s

homopolymers at PH 12.4 with a 500 to 900 mM NaCl gradient. At high PH, hydrogen bonding between

poly-dG sequences is eliminated.

0.09

AU

A 15-mer homopolymer

0.04 5

AU

T T T T L

B 27-mer heteropolymer

5 10 15 20 25
Minutes

DNAPac PA-100 4><250mm ,

NaClO, 56

330mM in 25mM NaOH
1.5mL/min

UV 260 nm

6  Analysis of phosphodiester content in phosphorothioates.(A)15-mer homopolymer.(B)27-mer

heteropolymer. Both samples have been previously purified to remove deletion failure sequences,leaving

only full-length oligomers. In sample(B),P31-NMR verified that the peaks eluting before the main product

peak contain progressively larger numbers of bonds in the phosphodiester form, and fewer in the

phosphorothioate form.

Dionex
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0.04 1 Full Lengh 12-mer DNAPac PA-100 4>250mm
NaClO, 120
184mM PHS.0

AU 1.0mL/min
UV 260 nm
J LA Crude synthetic 12-mer RNA, 0.5ug

0 —~ A A AN\

T T T T T T T T 1

0 2 4 6 8 10 12 14 16 18

Minutes
7 RNA 12-mer
DNAPac PA-100 DNA N N-1

pH

Dionex

Page 109 of 113




ProPac PA1

50ug
98%

—1
I ' 10 15
0 5 Minutes
1 Glycoforms
ProPac PAl pH 3-11
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ProPac WCX-10 SCX-10 WAX-10 SAX-10
ProPac SCX-10 4><250mm
A 20mM Na;PO,, 4mM KCN, PH6
B 1M NaCl
C
10 | ImL/min
10uL
2 220nm
AU 3 A
%A %B %C
JMW 50 0 50
0fF—= T T T T 3 30min 50 50 0
0 5 10 15 20 25
Minutes
1 Fetal hemoglobin 3 Sickle cell hemoglobin
2 Hemoglobin 4  Hemoglobin C

fetal(HbF), sickle cell(HbS), normal(HbAo), hemoglobin(HbC)

Control MAb W3Y B 10mM Na;PO,, PH7 1M NaCl

ProPac WCX-10 4><250mm
A 10mM Na;PO,, PH7

ImL/min

1 ! { KK
S 10uL
UL
SN A 220nm
MAD treated with carboxypeptidase 8 1
AU | @R370) Y h
I l %A %B
I o5 |4
J 30min | 85 | 15
LN e e N
N D
10 1 1
T 5 Humanized IgG1 MAb
1 Truncated Mab(no heavy chain C-terminal lysine residues)
2 Truncated Mab(single heavy chain C-terminal lysine residues)
3 Mab(C-terminal lysine on both heavy chains)
2 B IgG1 Mab 37 2
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ProPac SAX-10 4><250mm
A
B 2.0M NaCl
C 0.IM Tris/HC1 PHS.5
1.0mL/min
30ulL
220nm
AU
ombm
0.0 2!0 4.|0 6!0 8?0 10.0 12I,0 14.0 16‘A0 7oA 7B 7C
Minutes 80 0 20
15min | 67.5 125 | 20
3
ProPac WCX-10 4><250mm

A 10mM Na;PO,, PH6
B 10mM Na;PO,, IM NaCl

PH6

1.0mL/min
23 1
M 10uL
e 1 200h @ 37°C 280nm
25
,L ............... 100he@37%C
AU 1
L &_ﬂ 50h@37%C %A %B
1 96 4
N ,.JL Unireated (0h) 30min | 30 70
T T T J T
0 5 10 15 20 25 30
Minutes
1 Ribonuclease A
2,3 Deamidation products
4 A 3mg/mL A 1%
PHS.2 37
Dionex

Page 112 of 113



—
—
————
—)
e —
—
e
[ —
—

ProPac WCX-10 ProPac SCX-10

ProPac WAX-10 ProPac SAX-10

pH 2-10 SAX-10

80%
WAX-10

80%
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