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o 2.8 min 3.2 min.
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Pd(ID) o
2
2.1
ESIMS  TSQ QUANTUM ACCESS MAX
XT (
Thermal ) ICP-MS  Peek
; OriginPro 7. 0 . LC—-
20AB ( )
( DAD) Acclaim PA2 C, (250
mm X4.6 pm ) 5 1 5-<dGMP( a) Pd( en) Cl, (b)
99% Pd Fig.1 Structure of 5°~deoxyguanyli acid ( 5°-dGMP) ( )
( Sigma-Aldrich ); Na,HPO,. and Pd(en)Cl, (b)
KH, PO, HCI.NaOH( ); ( 18 MQ em) 1000 mg/L
Lu Pd ( Spex ) HNO,( ) o
2.2 Pd(en)Cl, 5’-ddGMP
4.7 mg(0.02 mmol) Pd( en) Cl, 7.8 mg 5'-dGMP (0.021 mmol)
10 mL 5°dGMP NaOH pH6.0 8.0 9.0
10.0 37 C 48 h o
2.3 ICP-MS ESIMS
106Pd( 27.33%) HPLCACP-MS
50 0 1
1 R Table 1 ICP-MS experimental conditions
EST-MS( MS/MS) Pd Parameter
10 mg/L( Pd ) Plasma gas flow sate (L /min) 13.2
Auxiliary gas flow rate ( L/min) 0.7
Nebulizer gas flow rate ( L/min) 0.92
Nebulizer temperature ( °C) 3
ESIMS : Forward power ( W) 1300
Dwell time ( ms) 100
3000 V 450 C 400°C
12 L/min 3 L/mino
2.4 Pd Pd
Pd( en) 5-dGMP1  Pd( en) -5"-dGMP2
Pd Pd o
2.2 Pd 4.0 mg/L 50 pL 2.0 ~4.0 min
1.6 mL 1 mLL HNO,-HCI( 1: 3 V/V) 100 C 30 min
10 mL ICP-MS o 1CP-MS 10 wg/L Lu o
3
3.1 HPLCACP-MS HPLC-DAD
HPLCHCP-MS ICP-MS
; Pd o
ICP-MS o :25 mmol /L
0.8 mL/min. pH Pd( en) Cl, 5'dGMP 2.2

(pH 6.0) HPLC-ICP-MS 2.
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2a Pd( en) 5"-dGMP1
Pd( en) 5"-dGMP2
o 2b ~2e pH
Pd( en) 5"-dGMP1
;pH 8.0 2. 8 min
Pd( en) -5"-dGMP2 3.2 min ;
pH9.0  Pd( en) 5"-dGMP2

o

25 mmol /L (pH 8.0)
S3 50 pL,  Pd(en) Cl,
2 Pd 60 wg/L  HPLCACP-
’ MS
HPLC-DAD . . .
Fig. 2 HPLCHCP-MS chromatogram of reaction diluent
HPLCHCP-MS . DAD .
( containing 60 pg/L Pd)
200 ~350 nm 1 nm. (a) (b) 25 mmol/L
3.2 Pd(en)Cl, 5°-dGMP pH (pH6.0) (c¢) 25 mmol/L (pH 7. 0)
(d) 25 mmol/L (pH8.0) (e)25 mmol/L
2.2 pH 6.0 8.0 9.0 (pH9.0)
Eluent phase: ( a) water b) 25 mmol/L phosphate buffer
10.0 48 h Pd ol (@) waer (D) .
(pH6.0); (c) 25 mmol/L phosphate buffer ( pH 7. 0);
40 'J’g/L HPLCACP-MS 3 ° (d) 25 mmol/L phosphate buffer ( pH 8.0); (e) 25 mmol/L
2.2 Pd 4.0 mg/L phosphate buffer ( pH 9.0) .
2.4 Pd
Pd o
3 pH Pd( en) 5°-dGMP1 Pd ( en) 5"-dGMP2
pH 6.0 ~9.0 pH 10.0

Pd( en) 5--GMP1
Pd( en) -5"-dGMP2

11 13 Pd(en) Cl,  5'-AGMP
Pd( en) 5"-
dGMP1 5'«dGMP  5°-GMP o
3 pH Pd( en) 5"-
dGMP1  Pd( en) 5"-dGMP2
Pd o
2.4 1CP-MS 3 pH HPLCACP-MS
Pd Pd 9% ( pd 40 pg/l)
(pH 6.0) .92% ( pH 8.0) .81% ( pH 9.0) .43%  Fig.3 HPLCACP-MS chromatogram of reaction diluent
(pH 10.0) pH with different pH value ( containing 40 wg/L Pd)
3.3 pH 6.0 Pd( en) -5"-dGMP1
4a 3.1 pH6.0  Pd(en)Cl, 5-dGMP Pd( en) 5°-dGMP1
Pd( en) 5"-GMP1 Pd( en) 5"-dGMP1
( 4. 4 pH 6.0 Pd(en) 5°<dGMP1 12 h

o

3.4 Pd(en) 5'-dGMP1  Pd( en) 5"-dGMP2
pH 9.0 Pd 6.0 mg/L.  HPLC-DAD .
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5 Pd( en) 5°-dGMP1  Pd( en) 5
dGMP2
Sa 2c
Pd
. 11 13 3 5
Pd( en) 5<dGMPI ~ 5-dGMP NI
Pd( en) C, 1: 1
Pd( en) ( N1-5"-dGMP) Pd( en) 5"-dGMP2
Pd( en) 5"-dGMP1 o
Pd( en) 5"-dGMPI ESI-MS( MS/MS)
bl s “pd(10.97%) pd  * P60 HPLCACP-MS
(22.23%) ."°Pd(27.33%) .'®Pd(26.71%) "°Pd ;gée:;i eMPL b
(11.81%) . Fig. 4  Peak heighttime curve of Pd ( en) -5'<IGMPI
6 o under reaction pH 6.0 acquired by HPLCACP-MS diluent
6 m/: 510 511 512 514 516 containing 200 /L. Pd
Pd(en) 5°-<dGMPI M +1 *
5 pH9.0 Pd 6 mg/L HPLC-DAD Pd( en) 5°-AGMP1 . Pd( en) 5"
dGMP2 (a) HPLC (b) ¢=2.8 min Pd( en) 5 ~IGMPI (c) 1=
3.2 min Pd( en) 5°-AGMP2 (d) 1=7.3 min 5°-dGMP

Fig.5 HPLC-DAD study of Pd( en) 5°-dGMP1 and Pd( en) 5"-dGMP2 under reaction pH 9.0 (a) HPLC

chromatography (b) ¢=2.8 min Pd( en) 5"-dGMP1 UV spectrum
UV spectrum (d) ¢=7.3 min 5°<dGMP UV spectrum

Pd Pd( en) 5"-dGMP1
1 Pd
4 o m/z511 512 514 MS/MS
m/z(315  152) (316  152) (318
152) . Pd( en) 5°-dGMP1
m/z 315 316 318 M +1 * m/z 152 M +
1Y 7 o
Ta Pd( en) 5"-dGMP1
Pd( en) ( N1-5"-dGMP) PO;” Pd
Pd
Cl( H,0) .
MS/MS Pd( en) ( N15-
dGMP) m/z315 316 318  M+1
o 7b Te Ta

(¢) t=3.2 min Pd( en) 5"-dGMP2

6 Pd(en) 5<dGMP1  ESI-MS
Fig. 6 ESI-MS spectrum of Pd( en) 5"-dGMP1

+

o Pd( en) 5"-dGMP2
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150 mg/L Pd

7 ESIMS Pd( en) 5°<IGMP1
Fig.7 Structure of Pd( en) 5"-dGMP1 and its fragments
derived by ESI-MS
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Analysis of Reaction Products of ( Ethylenediamine) palladium(l) Chloride
and 5 "-Deoxyguanylic Acid in Aqueous Solution by Liquid
Chromatography-dnductively Coupled Plasma Mass Spectrometry
and Electrospray Ionization Mass Spectrometry

LIU DeYe ZHU Feng" MA YongJian JI Wendiang LIU Hualiang
( Jiangsu Provincial Center of Disease Control and Prevention Nanjing 210009  China)

Abstract A method based on HPLCHCP-MS was established to separate the reaction products of
( ethylenediamine) palladium(Il) chloride ( Pd( en) Cl, ) and 5°-deoxyguanylic acid ( 5°-dGMP) . Two
reaction products were detected at pH 8. 0 with 25 mmol/L phosphate buffer solution as chromatography
eluent. One was the main product with HPLC retention time of 2. 8 min the other product’s retention time was
3.2 min. According to ESI-MS( MS/MS) study m/z =510 511 512 514 516 M +1 * parent ions
( abundances same to palladium isotopes) were detected. Further analysis showed that the main product was
Pd( en) (N1-5-<dGMP) . However the other product was hardly to be detected by ESI-MS. By using HPLC—
DAD and HPLCACP-MS we found that the two reaction products had the same UV absorption spectra and
palladium percentage content. Combined with other groups” research the other reaction product was deduced
as dimmer trimer or tetramer form of Pd( en) ( N15°-dGMP) . Further study revealed that Pd( en) ( N1-
5’dGMP)  was easily formed in acid solution while its polymer form was generated in alkaline solution. At
pH6.0 Pd(en) (N15-dGMP)  was formed within 12 hours with good stability. Research also revealed
that the total amount of two reaction products declined as reaction pH climbed.
Keywords Inductively coupled plasma mass spectrometry; Liquid chromatography; 5°-Deoxyguanylic acid,

Palladium compound
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