Table 3. The maximum Z/E isomer ratios
achieved for various hydrazone derivatives

derivatives Z/E derivatives Z/E
2C3-D 0.018 4C5-D 0.14
T2C4-D 0.035 T4C10-D 0.21
T2C5-D 0.035 C4C10-D 0.13
T2C6 -D 0.035 C7C10-D 0.15
T2C7-D 0.035
T2C8-D 0.035
T2C9 -D 0.036
T2C10-D 0.036
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BEhsd, C=N_ER&&&&~LR C=C =
ERAEEHESTAMS =L —24— T = b
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0.0041 Th » 7=,
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BIZIZ LRI MREEND, TORKEE,
LTRBBERFOTALVTE R—24— D=
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—RBEFEOEFRFEET D, HPLC ST
BT, BEEERWEERKIT E—- 2%
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FEFBRENREFDE (LEWEY 27 HEREE)
SHEMEREE

OI—1. 3. AILARUEBEFTILTER - o EORBST
SHEMEE KEE X TEKREFE LEIH HE®
Wil A FEKRE TLTFE JEFEEM
WAOWrEE REBILEE ENEELELEENEET
BEHLELSZT WHHOWRE
HMEEES HILARVEBETATER, ¥ M rEHE2RBIOOW T2 HFEZRELE,

AMFEOBRLEELRERL, INVAVEBN 24-Y=bfr 7= RTIVUERK
IEL,BERE NIV RFEBEEZERT I L THD,. 20 NI Y FFHEERKIL,

RIGTHE RT Y UFERLD 2~50CEEMANESALERICEN TV,
77, C1~Ca I NVARUEE-24-V =7 x=)Lt RT Y HEERKIT331~334 nm
OB RBEIEE L 1.4X104 L/imol/em O HEHRKE WE AT BB EERLEZZ &
75, HPLC-UV THRHET 3 Z XA TH H., RP-AmideC16, Ascentis
RP-Amide R DT I RZRDOHI T LE2HWAHZ ET, C1~C4 OHNVEKVEE, T
NTF e FEA2ZESICOBETDH I ENTEL, REOBEIZIF 24V =r T =
e RKZY (DNPH) 8BV VM ERELEI— P v PE2ERALL, RRF
DHNVRECBITZR2ICA—FNY vy VIR ET A2, DNPH & O KGIFFEFITEWY,
LaL, MEZEOI—F) vy P% 80CT4AEMMEAT S Z & T, KRGO D /VR
VEBIIETE FI Y RFEARZEMLE, TOE FI YV FFERITIE FT Y 5
EERILCTE M= FNIATHEHTE S, REZEKR%E 100ml/min O FE T 24 K

RIS L7255, LODIL 0.4 ug/m3 Th » 7=,

A. FRE®
HNRCEBE, TAOFe RE, ¥ MUE
BREDHNVE =N EWITRREICRE T
DMETHY, ZL OB FEIRESN
TW3, INVRUVBOTORTORE D,
“NT F—F ROV AKEE{ET MY T AKE
BHE-S VAT ND T LI~ T T
A —BE VTHD, TD%, £ DHWE
BRBEBINTDE, BEXFTOINEBEEHE
ETHHAEE L TIE, K D0KkEELLT MY
U LAKEBR Ve EOREERANDI L DORE
W, FE7z, KEBEAIYUADRRET N
TANEERIEREAM, VU IS NO0K

BiAbA VT LER CI8VERE LA — b
Yo UhEQEHRHINTWS, 2O,
AR TFOREBREORERELFIALE
VBT =2 —F =89 KPR BED
BEICHAEINTWS, HEERD S
X, A F a5 T4 —10, A4 F
I/~ b o7 40—, BRKEGEI B
~ 777 4—HPLC) D, Xx Z5V—8&
K[IkEN 1D, HRI7u~ T T7 74— (GC)
4, SPME-GC/MSW7 ¥ £ < O FIEMNHEH
ENTW3,

TATe R, FRSHEOSWHELTED
ELFHAERTWHWD O, 73/ &ENH)
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EEOALEW DO I NR =L (C=0)RE~D
REMMEIS, ROERER Y v 7 HEE
(C=N)ERKRIETH D, ZOFBEMAKER
GCR HPLCIZBWTHEICHEATH Y,

0-(2,3,4,5,6-2 Z 7 Fua X P )E
Fed$i 718 0k Fak
YNT I8 2-TT 2= T EF 1,3
AV ETF -1 KTV 1D 5T A
FNALT ) FT7HLU1-ANFE TV
Y(F e RTUU)8 N-X FjLb-4-b
KRS -7 baxXr )7 5H L 19 =
VETZNNMFR T o= KT UL 20, 2 4-
ke 7 oz =t KT Y
(DNPH)21-28 72 © D %% < O 75 BB FE R
fERAENTWVWS, %I, DNPH L7 A7
bR, M oEORIGE 80 L AN D
HRINTWD 2429, TALTFE R, F b
#H ¢ DNPH 3% 8 {K 1% 360 nm 37 12 fiz K%
WEEEZL 27, UV s x|z
HPLC THO#Hr &5 Z L%\ 26270, L4,
DNPH-HPLC #1X REF O I VA =vik
EMOSHHEELTHROEASFHAINT

T =

W5, B, EERRE, BEEXBF O
RUBE, TATER, ¥ MNAEOSDHICE

WT, 2= huarvz= Ve R DL B
FERMERESERIL TV S 2829, L
L, ZOHFEXNAKESH L LT DCC,
flrt e LCT7T =Y vEERL, BRIENSEME
ThHHIEPD T, ERREHTEAT
HZERIREETH D,

UED XS, hVR VBB, TAT ENR,
FRUVEOSHFEREFTICEZ L OFEEN

HBHMN, RAFPOBEESITEZT>HEIZ
LN, LHrL, T/IAFEe RnbhVR

VEE~DOBALRIS L, RR]EALFERIS &
ATA2LETCHLEETHY, SECESME
D5 ETHRBESIBGE L, RBFE
TIX, C1~C4DAINR B, 7L5FE R,
3% DNPH & XIS S EREESHTT
DEHLVFEERRRE L,

B. B A%
£ E . HPLC X 2 A0 #EEH R o 7
LC-10ADvp , & — + #+ v & T —

SIL-10Advp, %44 2 SPD-10Avp, 7
+ N F A4 F — FT v A K HE
SPD-M10Avp % {f 2 7= LC-10 (B E R {ERT
®) 2EHA L, SBES T 21 Discovery
RP-Amide C16 (250 mm L X 4.6 mm 1i.d.
2 st ) AW
. REEEIBHMEATE =Y VK,

40,60 viv, BB B: 7 b= U L/
K, 6040 vIivERW, TEROISIFTV =
NTa TS AT2RT TV = Mo zlT

ST,

5um particle size,

Time (min) O 8 30 45
A (%) 100 100 0 0

L 1.5 mL/min Th - 7=, Z DA,
Discovery C18 (5um particle size
250 mm L X 4.6 mm i.d., A/ =2k
) LEBOZOERLL,

FEFEOMAREICIT QIO REEE
ZEE  (DSC, TA Instruments fH5)
rERK[WT THEM L,

B VR k- DNPH FE K ORE,
BEMITICIEMRERBEE (NMR
JNM-ECX400, HAZEFHR) % 400
MHz THfEA L 7=,

AE HPLC B L R E O E I IT Milli-Q

Water System ZfER L7, 7k h=
kU vt HPLC grade (Ffoy¢fiZE T3
&), ¥ (96 %), Hife (99.8 %),

u A R (99.5 %), BEEE (99 %),

FNALT VT E R (83T% KEBHK), 7
T RTATE R (995%), TavAd s
TATE R (97 %), 7FALT LT E
K (99.5 %), ¥ U &%/ (Davisil™
grade 635, 60-100 mesh) X7 /L KV
vy F f ® % A L 72, DNPH
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(containing approx. 50% water) & U
VEEGC8EW) T I TR, . 2,4-
votezz=e BT VVEBEL
BMEFHEEZER L,

1. ALKRUVE—24-S- bR Tz )L E
FSVUHEBERDERRK
FE—DNPHEEEWRK 5 gD 2,4-¥= |

o7 x=)be RTPUEBRES 50ml OX

BRIZVED T, FiK 50 ml % Z O ITHM X

etk 2RFERET 5, AR LIZEERDIL

Bex ABL T, EEZMAK 500 ml THH

TH UhBEEY ) —LVTEBERIELE,

HZEEGBL-,

BrEg, JOEAVE BE—24-D= b
M7z )LERSYVEBERDODER .
5g®h 24—tz KT¥
CHEBE L 5 mLOMBEZENLFRO
AR B 50 mLICE»T, =|ET
24 BFRHIERE Lok, LR A8 LERE
ik 500 mL THET LH, LEx =
) —VTHEESRIELEG, Bk
L7,

2. hKREEER DNPH-cartridge @
Y& B

50 g DU A% 500 mL Ok T 3
B, 2WT500mL DX%/—/)LT 2],
B#IZ500mL o7& b= kU VT 2EKE
BT hH, 24V =2bknT7x=ke KTV
B 0.18g &V VB OSmL 27k =
NU L 150 mLIZE» T, Z OBWIRIZHEE
Liev U A5 n (60g) 2Mi, K<ER
T5, 40 CEERELZzu—4& J —= AR
L— X —THE#ZESE, 7EI=FU
FEECRYVER, DNPHERY U 57V
500 mg 2RV zF L o®Bobr— Y v
(50 mm Lx 8.8 mm i.d.) IZFRE LB FREAT
(4 °OHTRTFL T2,

FEIELEH XD HFE & DNPH-cartridge <

L HHE
FEEOEET AT AHEEE (RX—Ix—
% —PD-1B, GASTEC #:#) % F\TH 4
= w e, BT R B E & L
DNPH-cartridge & & 238 4& OB E % Fig.
1IZ7R9,

Permeater PD-1B, 30 °C

testing chamber

—>

flow meter
1.35 Lfmin
- formic acid

d

Fig. 1.
generation and collection by DNPH cartridge.

Schematic diagram for formic acid gas

F4Ta—TYarFa—7@mmi.d)ilF
a2 2mLMx, 30,L0°CIZREL 72/3—
Sx—F—CAND %, MESXE—ED
MHETNA—IZ—F—ITHT, FHBEEY
ZADEEL, T4 T7a—VarFa—JT0
B LEXBOEELEALZMERDOE
DHEETES, FlE, FBEETRZ
30°C MIEE T 1.835 L/min OED & % 5
ppm DEETH D,

DNPH-cartridge ®—¥ % F ¥ > /A —|{Z
BHEL, bH)—FHr~wAaryiire—7—%
HWAx=ERER 7 (SP 208 Dual, GL #
AT A ICER LT,

C. IRBREBLUVEE
1. AR E—DNPHEERK

X EBE® T R fafn X%k
DNPH-cartridge % ft& L T & < &,
DNPH o#E&aVWER KL ITHEFEAICEL
L, ¥ 6 REITETHRREAIIEDLS =,
Z @ DNPH-cartridge 7 b= F I VT
B“H L, HPLC TH4#94 % & DNPH ot
— 7 LRBROTREBFMICIE -7 BNENT
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Z & 25, DNPH-cartridge N TX 8 &
DNPH REIG L7 ERHREND, BB
BN 2 2fafn X ¥ 7 DNPH-cartridge &N
TOXIEE®RL T SO,
DNPH-cartridge N @ DNPH & KIS#%E O
REEE L %2 BE L 7= (Fig. 2),

5 © DNPH
o formic-DNPhydrazide
4
£
=
2
o (e}
® 3
ju
o
[
'?5 2 (3
Q@
o
1
o . :
0 100 200 300 400 500
time (min)
Fig. 2. The reaction of excess formic acid and

DNPH with time (A=360 nm).

HPLC omHHEEIE 360 nm TH S,
DNPH OEDICEWRMB B EM LT, K
ISEEMEeElic oY —2 oW EITEmML,
&P DNPH 3 L 7= (Fig. 2), B

B, oA omg, BBRLERREEZR
L7, REBOEMIHFEONRIGHERbE

K ITpotl- o INVAR L DNPHOKEG & L
T, EFe FIYrFEEIERL, &
=z /= NVEEBRMEIZEIVE FF Y
FHEERNER LI EBHER TE B,

¥ OH
~ / H*
NH, O==d
o \R H0
SN
|
&

2,4-dinitrophenylhydrazine

carboxylic acid carboxylic-2,4-dinitrophenythydrazone

(enol form)

carboxylic-2,4-dinitrophenylhydrazide
(keto form)

N ' d [¢) f
R
¢ \N/ \H
H f
Oxvyyv a ¢
T b c a
L
b
10.0 9.5 8.0 8.5 8.0 75 7.0
ppm
Fig. 3. 'H-NMR spectrum of the DNPH

derivative synthesized with formic acid.

DNPH-cartridge 25 H LE-WE &K
EBRTERLEFEAELZ 2 BEON T A
(C18 and RP-Amide C16) T HPLC 73 #79
e, REBMIRB-—ThbolZ &b,
INLOMEIRUFEERTH L L3 H
NN gV

2. HILKRUEE—DNPHFERK
KEBRTEMRLEI VAV E — DNPH
FEE % NMR CTHRIE L7, ¥8—DNPH
ko 1H-NMR 2227 k% Fig. 3 IZ
~%, £7, NAH KB —-DNPH O
IH-NMR 7 —Z XU TO®Y Th D,
formic-DNPH: 'H-NMR(CDsCN, TMS),
§(ppm): 7.25 (d 1H, J=9.6, a); 8.28 (dd 1H,
J=2.5, 9.4, b); 8.94 (d 1H, J=2.8, ¢); 9.36
(s 1H, d); 8.49 (s 1H, e); 8.23 (s 1H, f)
acetic-DNPH: 'H-NMR(CDsCN, TMS),
§(ppm): 7.25(d 1H, J=9.2, a); 8.25 (dd
1H, J=2.75, 9.6, b); 8.92 (d 1H, J=2.8, ¢);
9.37 (s 1H, d); 8.49 (s 1H, e); 2.02 (s, 3H,
CHs). propionic- DNPhydrazide 'H-NMR
(CDsCN, TMS), &(ppm): 7.22 (d 1H,
J=9.6, a); 8.23 (dd 1H, J=2.52, 9.39, b);
8.91 (d 1H, J=2.29, ¢); 9.37 (s 1H, d); 8.48
(s 1H, e); 2.30 (t, 2H, CH2); 1.13 (t, 3H,
CHs). butyric-DNPhydrazide 'H-NMR
(CDsCN, TMS), &(ppm): 7.21 (d 1H,
J=9.15, a); 8.24 (dd 1H, J=2.75, 9.62, b);
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8.91 (d 1H, J=2.75, c); 9.39 (s 1H, d); 8.49
(s 1H, e); 2.27 (m, 2H, J=7.56, CH2); 1.66

(t, 2H, J=7.42, CH2). 0.964 (t, 3H,
J=7.327, CHs)
DSC ST o#EERE, HNAR 8 —DNPH

FERFALZEHITENALTNHA Z ERHAL
Mo, C1~Cs® DNPH FE KO

A% Tablel IZm/R7, B RT U RFEERX
HIETHE FT Y - FEMELD 32~50C
BEENE N T,

B VR B —DNPH FEERORIN AR
WIX A~ 27 b V% Figd ZART, FEMKIT

£ T, 20umol/L 7 & r= U LVEHK T
»H5H, Figd IZixxE L LT, DNPH 0%

AR "V RLTHD, H/LR -

DNPHZFEERED AT ML, U LR
INERLE, ¥FICEBE, e d Ui, %
et N7 ¥ RFEMRIT 333~334nm 13T

BRI E %2R L, %/Mﬁj‘ﬁ{ﬂe%{u,m %
104 - 1.44 X 104 L/mol/em) b RFEE Th -
7= (Table 1),

Table 1. Maximum absorption wavelengths
(Amax) and molar absorption coefficients (g)
of Cq-Cy carboxylic acid and
aldehyde-DNPH derivatives. Melting
points of aldehyde-2,4-DNPhydrazones
are the literature values.

e i
FEEKOSWEHFZBRE LI,
RP-Amide-C16 T L2 BV & ZD

Amax €

(um) (L/mol/cm) mp (6
formic-DNPhydrazide 331 1.36 x 10* 185.7
acetic-DNPhydrazide 333 1.42x 10 201.5
Propionic-DNPhydrazide 334 1.44x10" 192.0
butyric-DNPhydrazide 334 1.44x10* 167.1
DNPhydrazine 351 1.55x10* ca. 200°”
formaldehyde-DNPhydrazone 349 1.91 x 10* 153-156°Y
acetaldehyde-DNPhydrazone 359 2.10 x 10* 165-168 *"

acetic-D
propionic-D

03 ¢ butyric-D

absorbance
I3
Ny

o
o

200 250 300 350 400 450 500
wavelength (nm)

Fig. 4. UV-visible absorption spectra of
carboxylic- DNPhydrazide  derivatives in
acetonitrile solution (20 pmol/L).

3. AIARUELDNPH ZEXRD D&

C18 & RP-Amide-C16 # 5 A% BT,
BElg, 7o ¥4 B, B&EE— DNPH
Fig.5 IZ

Fc AC
PC

DNPH
BC
FA

PA
BA

AA

—
[ a—
=
—
AA'
PA'
BA

L
0 4 8 12 16 20 24
time (min)
Fig. 5. Chromatographic profile of C4-C4

carboxylic- DNPhydrazides and
aldehyde-DNPhydrazones on RP-Amide C16
column (100 pmol/L). A prime sign indicates
the Z-isomer peak and the other peaks without
prime sign are the E-isomers.*?

FC: formic-DNPhydrazide, AC: acetic-DNPhydrazide, PC:

propionic- DNPhydrazide, BC: butyric-DNPhydrazide,
FA: formaldehyde- DNPhydrazone, AA:
acetaldehyde-DNPhydrazone, PA: propionalde

Ci1~C4 e RST K, E RSV U 5HE

morsrm< 7o 5% 9, DNPH#HERK
MERFEOREX 100 pmol/lL TH Y,
0.1%D Y VEEEZEATWD, TIALT & K —
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BAEEnzneE EERBERLMFELR
W, RERETHLIV VBAFET D L
BEARIENRBZ 0 2 -BEERNERT D
33,34), DNPH-cartridge (Ifiifit & LTV »
BEresHL WS, LER- T, LRI
WMHBERICEIFEEL, BECEUSAE D
L, THICH UEBBERICIIEREENT
W WO TRELERSITEZ bRy, #H#
R EBEERROBEERLEZR -T2
DI, EEBEEIZH 0.1% 0 Y B E RN
THERXTHD,Fig. 4 lZBWVT, ¥ —,
Bift—, 7o b4 B -DNPHFHFEEKOY
— 7 X DNPH O v — 7 ORIICHH S 1, B
2 —~DNPH FEMFITRICHRE S iz, it
T AT C18 REMR LSS, FBE—
DNPH #F&E (kL 2 — DNPH FEEo
— VMERVAEY, TEINTALTE F—
DNPH #HE ko Z-BMEHE L E-BEEDO S
BN R5EE2TH o7, RP-Amide-C16 72 &
DT IFITAEFEMEY Y HE2N—R|Z
L7EET7AdAT I REEITLTHLDL, 7
FNLT I REE, ODSOT7T AT AEIT L
HBKHERM IR - L BIREE £
D8, T INITLADODTIVFNLEETLF
NT I NEOWARFEET DI LITLY,
ThATFeER=—24—Y=baT72=bE R
TV UHEEROBEE LT I NEORM DM
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Fig. 6. Reaction of formic acid and DNPH in
the DNPH-cartridge at various temperatures.
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&£ % E HIC DNP H cartridge % 80°C T
5EFMIMEAL, 5mLO7 & b=k VU LTE
H LU 72% HPLC THfrL7z, V VBRNE
L2 FIVIFEFRORNEDOEE
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Fig. 7. Influence of phosphoric acid
concentration on formation of hydrazide
derivative.
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Figure 8. Chromatographic profiles of DNPH derivatives from air sample measured with a heat

treatment of 80 °C and 20 °C.

FC: formic-DNPhydrazide, AC: acetic-DNPhydrazide, PC: propionic-DNPhydrazide, FA:
formaldehyde- DNPhydrazone, AA: acetaldehyde-DNPhydrazone, PA:
propionaldehyde-DNPhydrazone, BA: butyraldehyde- DNPhydrazone, AN: acetone, DB:
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DNPH-cartridge #x AW T KKF DAL N7 HZ AT AT e FiE HPLC THO#H$

HEE, CAFHEEKLLTERETAHAILATESD
AL BFEBEH FlEEEZDLVOIBE VDY, etk
EEEEACEVWTARESOERSBE RBBRIBSHATHRY, £, ST FELHF

DEEHEHEFEAN L LTELEREATWS S
NELNT AT E R, KE, SKEHICXT
LHIBHELETHIMWETCHLY, ERIE
BEECTCINZRIBR FEEICKERSE
DREEEENERAL TS, T07HD, K
T, ANVEFTEALTATE FRREL LT
EREND L )WCR,TER, LL, &
NETEALTATE RS EECHEREESERIZ

FEIN TR,
BREOITINVFEALT AT E FIZEEL T
X, xR FEIRE SN TWS, &
HEZVWDIX, BEME-FEFRMALE 20T
HDH, WMEFELLTER LV Z72HVWET
T 4T T Y TE, ST OB RIEE
FRA LR ERD L, WER, 7
ANTNAT e FOFEERISEREKS v <

- 119 -
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Fig. 1. HPLC chromatograms of
OPA-DNPhydrazone (upper),
IPA-DNPhydrazone (middle) and TPA-DNP-

hydrazone (lower) at maximum wavelengths by
photo diode array detector. Light-colored
chromatograms indicates the derivatives
synthesized with excess of aldehyde and
dark-colored chromatograms indicates the
derivatives synthesized with excess of DNPH.
Each concentration was 2 mg/L.
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Fig. 2. FTIR spectra of OPA-A, IPA-A and
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Fig. 4. Transformation of OPA
mono-DNPhydrazone to OPA bis-DNPhydrazone
in acetonitrile. (Panel A) OPA

mono-DNPhydrazone data were read directly.
(Panel B) OPA mono-DNPhydrazone data were
converted by multiplying the absorbance by the
molar absorptivity ratio of bis- to
mono-DNPhydrazone (i.e. 1.7).
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Fig. 5. Transformation of OPA mono-DNPhydrazone to
OPA bis-DNPhydrazone in dimethyl sulfoxide. OPA
mono-DNPhydrazone data were converted by multiplying
the absorbance by the molar absorptivity ratio of bis- to
mono-DNPhydrazone (i.e. 1.7).
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Fig. 6. Transformation of OPA mono-DNPhydrazone to
OPA bis-DNPhydrazone in ethyl acetate. OPA
mono-DNPhydrazone data were converied by multiplying
the absorbance by the molar absorptivity ratio of bis- to
mono-DNPhydrazone (i.e. 1.7).
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Fig. 7. Transformatton ofii@PAimono-DNPhydrazone to

OPA bis-DNPhydrazone in methanol. OPA
mono-DNPhydrazone data were converted by multiplying
the absorbance by the molar absorptivity ratio of bis- to
mono-DNPhydrazone (i.e. 1.7).
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