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Desorption ionization on silicon (DIOS) is a novel matrix-free variant of laser desorption/ion-
ization (LDI) techniques for mass spectrometry. DIOS sample targets or DIOS chips are pro-
duced by the electrochemical etching of silicon wafers under light exposure. In the present
report, the optimal conditions regarding the resistivity of a silicon wafer, the etching current
density and the etching time, for making DIOS chips with good ionization performance are
described. The DIOS mass spectra of various kinds of synthetic polymers are compared with
the matrix-assisted LDI (MALDI) mass spectra. In the quantitative analysis of mixtures of diol
and triol types of polypropyleneglycol (PPG), DIOS provides more reliable data than MALDI
under the optimized conditions. The ionization process in DIOS was studied in terms of the
redox reaction of the analytes. Copper(Il) chloride, some organic dyes and riboflavin, were
reduced and some ferrocene derivatives were oxidized as well as MALDI. These results indicat-
ed that electron transfer between the analytes and the chip surface occurred in DIOS. The

reduction of riboflavin was accelerated using water as a solvent.
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Fig. 1 Schematic representation of electrochemical
etching device for preparing DIOS chips (upper)

A DIOS chip is taped on a stainless sample stage which
was prepared in-house to offset the chip thickness
(lower).
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Fig. 2 SEM image of a porous silicon
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Fig. 3 Effect of etching current density on the positive ion DIOS mass spectra of angiotensin I

(a) 5, (b) 20, (c) 33, and (d) 66 mA cm % The mV values represent the peak intensity of a base peak.

(Fig. 1).
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Fig. 4 Effect of etching time on the DIOS mass spectra of angiotensin I
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Fig. 5 Positive ion mass spectra of polyethyleneglycol
(a) MALDI and (b) DIOS
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Fig. 6 Negative ion mass spectra of nonylphenolpoly-
ethoxylatesulfate sodium salt
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Fig. 7 Positive ion mass spectra of polymethyl-
methacrylate
(a) MALDI and (b) DIOS
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Fig. 8 Mass spectra of a low molecular weight poly-
ester (NPG-AA),NPG (Mn = 600)

(a) MALDI spectrum using CHCA, (b) MALDI spec-
trum using F20TPP and (c) DIOS spectrum with a
cationizing agent of Nal. O and A represent the poly-
ester ions and the matrix-related ions, respectively.
The m/z 413 and 803 ions in the DIOS spectrum
result from sodium adduct ions of dioctylphthalte
(DOP). *Used with permission from R. Arakawa et
al., J. Mass Spectrom., 18, 961-965 (2004), John Wiley &
Sons Limited.
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PSD EETIZT ) A= — A F > D m/z ORGP %+
SHCIEERD SN2, R A+ L OB TR
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Fig. 9 DIOS-MS spectra of PPG mixtures
(a) TPPG3000 10 wt%, (b) 25, (c) 50, (d) 75, () 90, at
TPC 1 mg ml ', using THF/CyH;OH as the solvent.

Used with permission from S.  Okuno et al., Int. J.
Mass Spectrom., 241, 43-48 (2005), Elsevier.
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BB GOY A AR MVOFEBER EEEICRE L
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DERMEEBE L7220, P51 2000 DY — v 5 A
7 PPG (DPPG2000) & F-¥55F& 3000 D bV F— L %
4 7 PPG (TPPG3000) % 10/90~90/10 (wtlt) TiR&

L7z, BEICI3K/ 72 b= MY VRO THE/ 5 J —)b,
B FF ALANIE Nal % Hlv 7z,

MALDI, DIOS WIhDHb, F& LT Na fnA
FreLTHIEESh, 70 b HMma 4 5 mbsh
7z. DIOS A7 bV % Fig. 9 II/RT. YAANRY M uh
51% 5% DPPG2000 & TPPG3000 K1) v —D A F Vif
B PIZ7TODALF =2 #HWCHME LY. TPPG
DEED 50 wi% DB B VT, PIHOERERFE®E (o5)
% Table 112F &7z K/ T =FUNV1/1 (v/v) %
BIIZHWA &, MALDI, DIOS WINOAED o5 HA
KEL AR FVOTBEDSE ., Z0 L & O6EHMEE
BEICED< MY v 7 AL RB ORIV A —THB I L
Wodhroiz, THF/ 2% 2=V 1/1 (v/v) WA & T
MmO —ENPH L, o5 DHEL/NEL 2572, DIOS F
v TR TOREOFFEIRE A M IR T & %
Molzd, THF/Z¥ ) —ViEK/ T r=Z b LI DY
—MHEORVEBREZ KT 2b0LEZONS. MUY
WA O — 7 BB OB ILBT 50T, PAE
I3 TPPG3000 D HE % (A4 3 5. TPPG3000 D &E =%
LT PiiZ 7oy b LZHE, ZoREHoEB#RM%E
EFIMEGE, B2 TR <, MALDI TiHwz< b1
v 7 ZAOFHE, R E< MY v 2 ZDRELICKEL,
DIOS TIEAE DREEIHALT 5 2 LAV o7z, iz
FMETIZBWT, DIOS DI 9 A MALDI & 0 RAF 2% M
WMAE SN, PPGIRAMWOEESHICH L TWDHE LS
oz,

Table 1 Standard deviation (05) of P values at TPPG 3000 50 wt%

Concentration” H>O/CHsCN THF/C.H;OH
-1
mg/ml DHB CHCA DIOS DHB CHCA DIOS
10 — — 4.31" — — 2.44
5 _9 4.98 3.92 3.33 3.93 3.00
1 451 5.02 3.93 2.98 1.84 0.37
0.5 5.43 5.31 3.73 2.58 3.19 1.31
0.1 20.52 5.34 — 3.89 6.47 3.38

a) Total PPG concentration ; b) Data points were obtained in five replicate experiments; ¢) Intense molecular ions of PPGs were not

obtained.
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Fig. 10 DIOS TOF mass spectra of CuCl; in negative
ion mode at various concentrations of CuCls, (a) 0.01
mgml ', (b) 0.05 mgml ', (¢) 0.1 mgml ', and (d) 0.2
mgml '
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72. Sunner 5%, DIOS ® A * YL L surface-assisted
laser desorption ionization (SALDI) &M LTHBY, K
BH R DIOS RO A7 & A% o 72 KM BV TRk
AF AL TVEDOTIE RO EREL TV B,
DIOS ® A4 * »1ki%, MALDI & £ 2B TREZ 520D T
FewheEZzoN5.

AF L 7 )V—ix MALDI & DIOS O 1 #+ {LiZB W T
BILENL. AFL YT —L)BEITEINRLT WV Cu(ll)
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AFYERBEPRMT LI EICEY, 2 FLYTL—D
MALDI (2B 2B ILEMR B ENTERY,. Lal,
DIOS TlE Cu(l) 4 4+ Y ORMAE LR SN h o7z,
MALDI T3~ MV v 7 2R LB O MO E T BEH 5 O
FICICHERSEHZR2Z2LTBY, Cudl) 4 F ¥ Z2EHM
THIETY M)y 72 AN SOBTBEZWHTE 50,
DIOS TIFHEHE 7 L — MIE#HEHE L TB), FL— 2
5OMEDETBE % Cudl) 4 F ¥ ORMTHHITE
UQRVAL SR o

DIOS DRICIZ BT BIEWOHB L R0, 2% ) —
W/K1/1 (v/v) DY KRTFE YD DIOS AT MVTIE,
7a b AINA & Y OB R AR AT AT M+
21" KO M+ 3] OMXA F VIRED DY KE VDT,
VRTZFEGTFNOKFZNM, THDBYRT7ITE N
BWILENTWBZENSholz. ZOXKEEXEET L2
WIZ, BB WK, 2% —)v, M) 7V FafE
BOFKFNEMEZ A CTMEE T 572, ZORER, R—
T AMEEARITWAE S NIZKAKFZRIC R > T D 2 L A%
Mol WHIZAY )=V HwbsEZ LYY KRT
FSEVORILENPRYVINZ D LN TET.

5 Bb DI

FZHHIE, DIOS v FMED /- DML 2 BIEL,
YV arvy on—OEGE, BEE, TvF v 7ML
EOLME R L7z, F O, REEBIZB VTR
WA TV OEBNRILEALE RO AARY MVERLI L
DTELDIOSF v 7T&aFlT 52 ehTE&7. ZLT
DIOS DSV H WA G5 TF DA & ALK OV =55 H7
WCHMTH B Z EWohorz.

DIOS #i, ¥ M) v 7 A& LR WFNASH 512D
NboT, FEMICFHINDIZES> TV,
MALDI (2T DIOS O §5 i, EEIMENZ & &1 F
ALWHRE R T O ENNE VW ETH A, DIOS DA F
LD, HONICEN TV ARVONRBIRTH Y
DIOS TERED ] LD 7201213 A F VAL O ff W s T3 C
H5. FHSIE, DIOS OB\FEIZBIT 5 B OMILEITIC
DWW THX7z. DIOS Tld MALDI & RIKEIZ 3R 2 R 1L &
LN, TL—FERBOBTORTBEHVRNTH L Z
LERL B, FHSEIY T 70— Lt =%
—OREEFFOTL— MBS MYy ZXTYY—L
—H—WiHEA AL L BIREBWT 201, TL
— FOMHE, MG, (ERPR SRk 2 R BLEA S O
TxITToTWwd. A+ MU EZH L NICT A2 LT
DIOS & Lz b v 7 271 — L —H%—JiiEkA o+
AL, BEES T, AREST, RS TROEWRY, &
IREEART ER A RUEOSHICBNT, KEREHz 317
FTILEEMBELTNA.
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<MYy 7 ARV —F—BilEA 4 21k (matrix-assisted laser desorption ionization, MALDI) &, &%
THOESTTICRLMA RILEWMDA F MLIZHERITH L. LeLEMNS, v M)y 7 ZAFEA F 2580 <
M ENZ72DITTAAXRY MUDSEMIC R Y, HA 4 OB R0 H 5. 72, AT MV
OFHEREZIEITRT, 44+ AMACDOBITHABORILETICE 20 WAEI Y RLT VW E VI REAVH L. K
—I Ay arrHwizL—H - A 4+ » b (desorption ionization on silicon, DIOS) &, ¥+ v~
AR LTAF DT THLEDT, /A AL Y OL LRl AXRY ]‘)Pﬁ§?%%ﬂélkﬁ§,ﬁﬂﬁ§éﬁ
5. FEHDLIE, DIOS F v THOEMEEZRIEL, DIOSERORESMZIEL, RERBIZHE VTR
MW A & > DRBRIIEAE LV AANRY MV ERT. 21T, DIOS IS WA OGS 55T

DERIENIZERIH THNITH S Z L 2mRL7z.

WS, G ¥, ARmE, 7JookrFEEAk, UK

7 J ¥ Y% T MALDI & DIOS DA + AMUEMEZ X5 72012, TN ORI OZE) 2 MEt L7z,



