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Table I Dependence of the equilibrium
constants on temperature
Temperature (°C) log Kp log K1 log K¢y
25 1.28 —0.526 5.57
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Table II Thermodynamical values for

equilibrium reactions

. Temperature 2G 4H 4825
Reaction ¢C (keal/mol) (keal/mol) (e.u.)
25 —1.74
Extraction 20 —2.13 —5.46 —12.5
15 —2.52
25 0.718
Ton association 20 0.861 2.03 4.39
15 1.00
25 —7.32
Complex formation 20 —7.39 —2.51 16.1
15 —8.91

4525 denotes the value at 25°C

W ~ZE(L 4G, BT E Ve FiE AH BT
b u ¥ —ZE(k 4S &3k, fERE Table LIZRT.

5 ¥ G

RO 4 HF VIV F A RERMES L EBD
TSRS E NS . T OMARIIERERE A BT
WIEEREA A4 A vA2E L, MIBK TiiiEins.
ST v RIEE 332mp KRB RZ #
2. BIEERA A VIEERSLOF T REREOSEIT
T HE s SR LEER Te(thiourea)(ClOY: T
BHoLEREEL, T oul-FX REEED £RE
BRI ik E BEER A A LD F v SRE
¥, xS E¥E D MIBK ~O 5 LRI k7.

BEERRA AL DR ~DA T SR B2 TH
Froevy, fER4MOFUNMIFTAREIRLD 2MIC
BEEND Vb TV ERESTAHLOTHY,



Tarayan 5% OFEFR 24315, L, GfrLT

WVEFARBOICDWVTIE, Rz 2 ZHEL T
D% BELOBREIIATEH 2. b OBk
DR T D BA RS FAATER 300~325my o
oo TRWIRIZTRT & ST 593, B 5 0E -4k
D LIR30 mpy 12 B UG A & 00 75 D S0 T
BARs bvThh, BRLEKEELZLNG. BET
Te(thiourea),(Clz &3 SR H BTV ED 7 Lan
Dy VWA TF A [RIFA 4 7 FERL L 7245 TTE L 70
ELTHLELETHEA .

E, S PEEHOREZEL» L, SEEE, 4 4
DENEE L OBERECEES 8= ov s —25F,
g 22 —ZE L B IRy b o — Z{hE sk
7z.

=77, REIEEET ST, BRERIZF AV LOR
B 4.7X107M FTEbd T I B 2R, ©
6X1075M £ Clipiz- CIRIEHESEM T L, SE s
KOG FBOERRAS 4L Fh 38.3 (15°C) Lok 1.75
X108 THoto. FIoF wov-Fof REEEKT KN D
THEE 303 mp iIRE K2 3 >58, = DEFTDHE
ORI & ShwTAX . Fhic #1T MIBK

ABFRIT I 1 B BEURE 332 mp WM A 2 b by Tl

RTOH SEEED BT AT FhE v, b
D Db, TOBEBHEERT VAV D5 ME X o g
DFERELTL S BAFIFHTE54 0 : Bbh 5.
SOICHR L ORBERTEAKR XV 21T, SRCH)
HfsZ lwky =0 s T8 S5 40 TH
5.

CNBHDZ LDV TIRIMO S BEARIC D\ T DR
BESTELHEY LIV
COMBEOWWEBRO~HECHEREFEBICL - 7=
LDTH 5.

(7)
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5) V. M. Tarayan, A. A. Sarkiyan : Zk. Neorgn.
Khim., 10, 2684 (1965).

6) P.J. Hendra, Z. Jovi¢ : J. Chem. Soc., A1967,
735.

Z. Metallk., 45, 300

w

Extraction of tellurium-thiourea complex with
methyl iso-butyl ketone. Kenjiro HavAsHr*,
Yoshiaki Sasaki, Daisuke Araki and Saburo Tre*®
(*Faculty of Literature and Science, Yamaguchi
University, Yamaguchi-shi; **Government Industrial
Development Laboratory, Hokkaido, Sapporo-shi)

Tellurium(IV) forms a vyellow complex withe
thiourea in an acidic solution which may be utilized
for the determination of tellurium. It was ‘found
that the -complex could be extracted with methyl
iso-butyl ketone (MIBK) in the presence of per-:
chlorate ion. The extract had an absorption maximum
at 332my (Fig. 1). The extraction ratio of this
complex was affected by various conditions, -namely,
concentrations of acid, thiourea and perchlorate ion,
and temperature (Figs. 2, 3, 4 and 9). It was.
considered from these results that the chemical species.
extracted in MIBK was Te(tu),(ClO,);, where tu
denotes thiourea. Distribution coefficient (Xp) and
association constant (Ky) of this species were obtained.
from equations (8) and (9) and Fig. 3. Owerall
formation constant (K¢) of the complex was obtained
from the above-mentioned Kp and Kj, equation (7)
and Fig. 4 (Figs. 7 and 8, and Table I). Beers.
law was obeyed up to 4.7%x10-5M of tellurium in
the aqueous phase at constant temperature, and the
molar extinction coefficient at the absorption peak.
was 1.75x 104 Thermodynamic properties obtained
from Table I are given in Table 11,

(Received Mar. 31, 1970)
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OHBHEICET 58, TRET, BEAEEIEAL L M, TRtEEIIRMRAT @3 TI Ry

Livl, PY by X-100 0k 5 s AEEERHOEET S & A TIETWEEOEMMIIRRE $>2HE
BEERERL, TOERBRELDTEETHY, ch24M7ArvOBRAREEZEEERCFATES L
BHES BT, RET 5V 7 OREEOMNAER 300mp TORPT OEATIKREE ) v X-100 25
4.2%10-20, ©r & 5.3IxX10% Tho7r. SROWPWERE, -7 ~uwvERL L ThETHLILLD,

i, ok, W, FYIvA, floBEERFAAe MIBK X nHilHa# T2 LT XKL

LB TE
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ol orpFdhrnNi v, TTIALFIAE
HTCVELD =T FAHANE UERE LB LEH)
WEARL, i, BOBROBEE T 5 EEKER
BECTHRTEL CEVEZINTWAD™D. 4 {I7 vov
Bra)osroFthaxni aEE pH 2~6 OHIFHT
HEIBEERT S L Rl OB D HEOH KGR
CHEETH D, Lidto T4 M7 vovdE B AR
BTHLC EBABILTWAY,  FHEEHCHEN
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138 5759, BRI X 5 FEIRHE ShTnit.
Lird rdF vu-Yo ) oo F b oo B
O E DM FHER ICOVTO #E XHE Vv
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AFENA D TFNT SR ETCESCHMBTESERN, F
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EEELTVHE, EETOBENEL L, BobERE
WHRIATEL SRy, FELE, dlFar-do
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FALGERE: EBRTF LR ERORER CIMME
BL, KEBLCHERTET 2. chiCRERE2MX TH
EREEEETS. COBRERZSELIIZLIZOL SN
EEEmEETE L. BERELE-AA2zRYHERT
FEECIVEEL - (8.86x1073M). C OiTHEHER
WUICHRLCEVE. TOE, EBEEOOIN ks X
5L .

Pr ) SISt S viBT Y ESY AR M
WHEH LT YV IV I FLDARIVET VE =T A
(LLF PDTC rRE) 2 %0% %0 xr5=L, 6.1X
10-2M oRk@E L. HEHE chz®REAT 10 5
CHRRLTHAVWA, BERESHRERICREFL 2.

FU by X-100 ¥ REEERE L ORI R
FY Py X100 (7aAFpATYARYE—F 0T Lz
—) BAEOEERGARTHEHITHRL THW .

FOMOBBITTATHERLELCOEE RV,

2.2 I B

SR L O AR OEEEEEICE A E 139 B a0k
Eisio lom AHEMer 2BV, E2EHR® pH
BEr R EAEEY HM-5A ¥ 5 2 8# pH 2 —#%
— & i,

3 EBRBIUHR

3.1 $EROBIRIARYT ML
1.77%10-4M F v s lml @ 2.2N Efg 2ml



FTINATzD B FEHAKER W0ml jmzx %. Y b X-
100 @ 0.839% (v/v) ¥ Iml 2z T X< &S
2Db, 6.1x10-3M PDTC i Iml iz 5. ¥ 3N
DT EFIHET PH -2 -2 P LARS pH
RRET L. BRICA AV Y v F—FHVT 2B 20
ml THD LS EKRZ MASL. LOLEQBED
PH Z 5/ 0AlET 5. i pH % 0.9 %7213 1.2
Kool EOMN A ~S Mg Fig.d Ry, 7,
FREIH 3.4M Th D XD -Gy e =
LOREMEHY 2ml iz T, Y& LRI 2T
PEULE fovd MEREWT ik pHL & 3.7 s XU 5.7 1T
Lick 2R % Fig. 2 10571,

Fig. 1 iZRBhRD X9, 290mye L b IGik-ERIcE

0.6
0.4r-
3
[=1
B I
3
B
=< 0.2
I
0 ! 1 -
280 300 320 340 360
Wavelength, mpu
Fig. 1 Absorption spectra of Te-PDTC complex
and reagent blank in acidic solution
I : Complex (Ref, : Reagent blank); II : Reagent
blank (Ref. : Water); [Te]: 8.8x10-60f; [PDTCT:
3X10-*M; [Triton X-100]: 4.17x10-285(v/v); pH:
0.9 and 1.2
O‘GF
0.4
W
o
=1
o
=
g
4
< 0.2F
0 1 1. 1.
280 300 320 340 360

\Wavelength, my
Fig. 2 Absorption spectra of Te-PDTC complex
and reagent blank in acetate buffer solu-
ticn

I: Complex (Rel.: Reagent hlank); II:
blank (Rel. : Water)

Reagent

(9)

U Ry X-100 7 B X BEREE T T o ONIRISE
UL MBI, SIS CHRERBUNA RS bk
BH T LR TER, 7. L L, 250my (i TRE
TS5 2y DEEESS HOT A1, 253mp FRHECR
PWHERPBEFET D 2 EBERD LI (8/N=2 of&f:
T). 2L, COWETOERBEICRESS 70
WSS pH £ DD [REHTH 7 b OERA L, BEE
EZ Lz, EESTCFIET0RAEYETHS.

Fig. 2 OFa0r Fig. | 2R E 0 BBARY baveg
Bz 58, WTENLOBEE T WTh, 300my X hER
ERTCERET S s 0RREF NS L, pH 0E400
LT X - ThilEs TORIE T 7 o 7 OB RECER
i, DO R ITs T 300mpe F70ir 310
mp OEEEEEL L.

32 REFMAMEOBRAEICRIIITEE

MY by X-100 OiEE EES—-k b)) BEZR
a OPHEOHHZ bz A~ iR e Fig. 3 R,
SHETEHERIREE DS 0.1~0.29 (1 CESRE R K
HX5CELNED, FDOX5E I ATIIREREER
IREEDRE S /0T 5. DIBOER T, FEEEH
B OB NHE D 417107204 OBRELE B
2.

0.5
> —o—
4
0.4 I ,
— O
Qe
0.3
L3
1=
L
2 05r -
[ - -
2 e ® e
1 A
0.41-
© ©
®
0.3
i | L [ 1
0.2 10 20 30 0T 50
Time of standing, min
Fig. 3 Effect of standing time on absorbance at
300 mye i
[:pH 1.0; II: pH 4.7 (acetate buffer solution);

Concentration of Triton X-100 (v/v) : —Q— 0.625%,
—@— 0.125%, —O— 6.25x10-294, 4.17x10-294
and 2,1x10-29
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33 HERERSTCHRR

F N RS 2ml R O6.78~67.8 pg 0D X SER
EicE b, ohic 22N EE 2ml 2z b K
#9 10m! 2inz%. 0.839 v b X-100 {EHEZ &
—WERy T Iml MEATILED BES. 20T
6.1x10-3M PDTC % lml iz CHExw5. pH
A—B—% BT # 3N 7o£=7kT pH 0.95 {
SWIKEHI LD h, XAV g — RRWTKTLE
Z 20ml Zt 5. 20X nIBECHERORE pH &
1,05-:0.05 W3 5DHEAES ThHs., 20X THE
BB oBicE & 300my F7213 310mpe THID,
L i B A Fig 4 ORT. LWEREGESES
N, B oT v EseEEE 300me T 5.31x 104,
310mp © 4.86x 104, EMEEFILFh 0.0024, 0.0026
28 Tefem? TH o7z,

L5

L0~

Absorbance

0.5

1 ' 1 ! | 1 L
0 20 40 60 80

Te, p3zin 20mi
Fig. 4 Calibration curves at pH 1.054£0.05

CPDTC] : 3x10-4Md; [Triton X-100] : 0.041%;
Reference : Reagent blank :

Fiz, EROXALTTFVA-PDTC 0&EE 3.4
M OEERR-TRRE Y ' =0 AREEEME 2ml Bhnz, 7o
T=7KkT pH 4.7 WKL 20% 20ml T UTERK
LB HOBERD DWEBERRIESNS. £/, &
515 E VBRI S S OBA L RER o7

Fig. 3iciR L7 X 9 b Y kv X-100 OEEEHS 0.1~
0.29 IRETTHOLE IR BRI S, - oS Fig.
SAmET LS pH LLO Lok s, ~—ibo BAr
R YOFhEHEE. Lil, pH 4.7 T LEEE
LWELHERAE LS.

1.5
1ok 300mye
g 310mu
=
[
2
8
A
<
0.5
]
1 L L ] ] ! 1 1
20 40 60 80
Te, pgin 20ml
Fig. 5 Calibration curves

Triton X-100: 0.125%; PDTC:

6.1x10-3M4

pH 1.054-0.05;

34 HEAFDOBRE

Fov 22.6 pg B —Hh—inkD, i 2.2N i
B 2ml 2hinzs. XOCEEREDA & »2mx <o
ERAS. LT 33 OIMECHt» CRBE 2T, 300
my F72bE 310my COEKEZAD, ZFA L L O%
W otk R —3 % Table I o733, Table I ic
P EEEE ST PDTC E RS LTV E 7ciia e
DU ER L EvwhOTH 5. Table I 2545
L5, Bf-EIRRT e =0 A SEEBWE ML Gs
(PH 4.7) O35 3%, HUEOVELE TR L CHREEOR
R K E .

HERE ZER T2 L9 b0 SAGEN THEX
N, TOBEELLPUDHEOUNERDS. & 21E
k4 4 0 PDTC L REBOURERART 5700, HE
DOHFEDTFERTER . LR o T, BETHEIZHD
PUDRALPDOFETHETLLERDD. L5
LTI Ne Vi XD ROV TR L. §9
L2N REeERpE W Uil flidm 2 Eimslic k 5. —F
1.2N ERsAwEmR (0.6g/20ml) o4& Cu % onk
An20ml THIH L, SEEL 722 » o oskov AFEA IR
THAL TS EOGMIRL M T aiRE S T5.
HEBE2ECIOL, S0y e vEH 7 ook
ABWEINZ T ST 5. COEEREK-s o v
AR X 2EAEEMATHREDONEL R ETL I
23 2BEICBVOEBET L S SATHS. 6N
B Sml #hixi-0b oo ki sV, TR
OIS ETAMEEFTS. G20 E, AH
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Table I Effect of diverse ions on absorbance T & B R DT,
at 300 my EBI, $1 A OEPICEIED &F4 A vk
. Absorbance at 300 mpu ] ’3"%%1 ;d\::ﬁ‘j—éi?%ﬁ oW Th *ﬁ%ﬁbf: j;?’éffﬁﬁ_ﬂi
Added Amount of —_—— . " Ly .
Ion as ion added Final pH 4.7 Fig. 6 Wit -7 BN ERi: Table 111 Qlﬂﬁ'ﬁ"&
1.054£0.05 ‘
FOT, MBRTNELOTH-Tz.
- — — 0.46 0.45 T
0.4 ¢ 0.47
Cl- HCI 0.97 0.46 0.45 .
1.95 0.46 Sample (15m!, 6§ HCIL)
0.42 0.46 0.45; 20 m! MIBK
SO, 2~ H,S0Oy 1.06 0.46 0.45; shake for 2 min
2,12 0.455 | |
{0. 138 0.47; Agqueous phase Organic phase
Na* NaCl 0.246 0.47 . (discard) back washing with
g wit
0.345 0.47 0.445 20ml of 6§ HCl | repeat 4 times.
0.234 0.47 |
5
(discard) back extraction
0.041 0.46 0.47 with 15 ml of water | repeat 2 times.
Ca?+ CaCly-2H,;0 0.201 0.47 | ‘
0.41 0.47 0.49 Aq. phase Org. phase
0.024 0.46 0.45; (discard)
Mg+ MgCl,-6H,0 0.121 0.47 evap. to dryness
0.9243 0.475 0.46; on the water bath
15m! 1.2N HCI
0.095 0.46 0. 445 repeat 2 shake with 20 m/ of chloroform
PO, 3~ KH,PO, 0.475 0.43 0.41 to 3 times | containing ca. 0.6 g of cupferron
0.949 0.425 |
0.3 mg 0.46 - Aq. phase Org. phase
(NH4)350,4Al,- = is
Als+ s&oa-si0 113 0.46 0.42 add 3mi of 6N HQI (discard)
. : : repeat 2 back washing with 10m!
B 0.62 0.45 0.52 to 3 times | of chloroform
NO;- NH;NO; 1.24 0.475 0.58 |
3.1 0.50, Aq. phase Org. phase
8-?355 0.46 0.42 evap. to dryness (discard)
2 . . - 103 Z2.2ml 2.2N HQl
Mps MnCl, -4H,0 0.32 0.463 10 ml water
0.64 0.44 1 m/ Triton soln.
17 . 0.45 1 m! PDTC soln.
# . 3N NH,OH pH 1.0
Zn?+ ZnCl, 35 0.46 f K wi
{52 0 46 . dil. to mark with water
1 0.47 Photometry at 300 my (1em cell)
Cd2+ CdcCl; - 24H,0 2.3 0.48 .43 . . .
P 3.4 0.50 0.47° Fig. 6 Scheme of the separation procedure of
0.36 0.46 0.46 tellurium from iron, nickel, zine, cadmium
Sed+ S8eQ, in HCI 0.72 0.47 d
1.22 0.49 ana copper
. : 3.7 0.464 44
As? Asy; O3 in HCI {7.5 0.57 0.55
Te: 22.6 pg in 20m! Table IIT Determination of tellurium in synthetic
sample containing iron, nickel, zinc,
I IOVEMR 27K BC BBERTS. 2.2N E 2ml cadmium and copper
Tﬁé b Yﬁﬁ??(ﬁﬁﬁﬁ 0)75?5‘4:@;& 2T %ﬁ#ﬁgﬁs% L (pH Tellurium
e Amount of ion added —_—
1.05) 300my T OESEEARIEL 725558 % Table 11 (mg) Taken () Found {,2)
WRd. AECLY, ShOF VVOERBTIETH D Fel-  55.9 92.6 2.5
Niz- 58.7 22.6
Znz+ 64.5 22.3
i . . Cd2~  56.2 22.1
Table IT  Separation of tellurium frem iron (IID) Cu?+  63.2 22,1
21.8
Fed* (mg) Absorbance at 300 my 4.5 4.5
0 0.46 4.4
0.455 4.4
5.58 0.46 4.4
0.46 4.3
0.46
11.17 { 0.46
0.46
27.92 { 0.45 . . .
0.46 AL EIDEZATARANL D4 0D, <o HY
0.46 T s
55.8 : . RSP e L e e
{ 0145 AF Y, ) VB, WEROAA A L EOWEITE S IR

Te: 22.6 4g in 20l E35THAIN, LR EEOWERRET B - &
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VXEEEE B .
EThHD.

IO ERELTEENCERT 5T

4 i =

U Ry X-100 OFETF v u-PDTC &S TE
bT2BREL oD &z bhd. —DXAm
il RFT, AR L7z RO BN T &b T
WML D, BT EH—BRICRAD 23 28 TH
D, L REEEAIVKIBER TS v EEERL, £D
TRV ORICEEESBBET AL ETH L. S bEVEE
T » TX— W OERI RIS 5 2 &2, R
FEDB ORI E S OE 2 THRBAR L —EiIcThug
FORFEERE LS Z &, 7 av-PDTC gfkss b
)b X-100 WA GCEBEEL, R EARERTES
iz FMOBEAERT L b, ZOMKROEE
{LRGE, KPTERLAFY by X100 @ T #v~
DUERE L THBTSETHASS.

5 VORCIREER 6 {l;, 4 i XU 2 MioRiE L
< PDTC » OE R E#REL 7

6fliF i R E okl MGk REEWT
&, E7, 3.3 OEVEHE - 7oR4E, Table U1 i
Lo, 4MFVNVOERTHERES LN &R Ed
B, 67tk PDTC LEsFEAERLTVEV AL

>

5.

tellurium on

Table IV Effect of sexavalent

ahsorbance at 300 mpy

Teb+ (mg) Absorbance
- 0.46
25.5 0.45
127 0.47
255 0.47

Tet+ 1 22.6 pg in 20mi; Final pH : 1.051+0.05

HEERRTDF VOB LIREED 2 MICETT ST
WNHLELFEZENEOT, NaTeS,0f 4L TPIE
L7z, 2fEFvd PDTC EREIGL TR CRE S
EBL, COWESS FAL Y FFL b (MIBK)
T 58, FonBoae MIBK ~ofhiHoFkin
WRAR BT VOEPRDENDS.

FHTE s S e S 2 ORI 2 o i hiE e B 7 w3,
4 {7 Ak PDTC ik b 2 B SN S 2 &3k
WHODEHEESINS.

ERNEEER PR D EHVREZ 008, BIRMERY
DEFWEOIE S ZITR2T . L, MY SEE
PRI IS D OSAEANETES.

x [
) XK. Gleu, R. Schwab : Angew. Chem., 62A,
320 (1950).
2) H. Malissa, E. Schoffmann : Mikrochim. Acta,
1955, 187.
3 EREIET, FIE 5P ¢ fb¥ o i, 21, 206
(1967).

4) C. E. Mulford : Atomic Absorption Newsletter,
5, 88 (1966); Chem. Abstr., 65, 19291 (1966).

5y J. Y. L. Wu, H. A. Droll, P. I'. Lott : Atomic
Absorption Newsletter, 7, 90 (1968); Chem. Abstr,,
70, 43819 (1969).

6) PIEZRS, MEREn, KEHL Ak, 12, 257
(1963) .

7) J. C. Bailar, Jr. : “Inorganic Syntheses”,
Vol. IV, p. 88 (1953), (McGraw-Hill Book
Co., Inc., New York).
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Uliraviolet spectrophotometris determination
of tellurium (IV) with pyrrolidinecarbodithiocic
acid. Kenjiro Havasur, Yoshiaki Sasagi, Michio
Naxanisur® and Saburo ITto** (¥Faculty of Literature
and Science, Yamaguchi University, Yamaguchi-shij
*kGovernment Industrial Development ILaboratory,
Hokkaido, Sapporo-shi)

Pyrrolidinecarbodithioic acid (PDTC) forms a spa-
ringly soluble precipitate with quadrivalent tellurium.
This precipitate dissolves in methyl iso-butyl
ketone (MIBK) and other organic solvents. The com-
plex in organic solvent is unstable, and the fading
oceurs rapidly. However, tellurium (IV) reacts with
PDTC to form a yellow water-soluble complex in
the presence of surface active agent such as Triton
X-100 (alkylaryl polyether alcohol). It is assumed
that the solubilization of the complex is caused by
the resolution of it into micelles formed in water,
because the sparingly soluble precipitate dissolves
easily in pure Triton X-100 and its-solution gives a
similar coloration. The water-soluble complex was
stable and Beer’s law held for 5 to 70ug of tellurium
in 20m! of the aqueous solution containing 1m! of
0.83 24 Triton X-100 solution and ! ml of 6.1x10-2
M PDTC solution at pH 1.0 or 4.7. The apparent
molar extinction coefficients at 300mp and 310 mgp
were 5,31 10% and 4.86 X 10¢, respectively.

The interference from iron was removed by extracting
iron as the cupferrate complex and that from nickel,
zinc, cadmium and copper was avoided by extracting
tellurium with MIBK,

(Received May 25, 1970)

( a6, 19, p. 1673~1677(1970) )
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6-(2-T7 VT )FT7 L —A (TAN) 7 v ek b aBHYRAGALERSD = o » 4 (1) ©
BB S pH #iF 5.8~7.1, BI04 VERE 4=0.1 @B\ THE~N,

& D FEHE 330 strokes/min [l ECILERGER /0D, =5 a (ID, TAN, KEA 4 i
BeoeClRBLC —1THD, KEFPCRTDL =k TAN O 1:1 F 1 — b B RIEAEEE
Thotco CORIGOBRETEFT 298K wk\ T 2.5x105/smol esec™! "TH D, XL DOEE
BHOMEELBEEAT A —x — kL LT, E,=13 kcal/mol, 4H*=12.4%cal/mol, 4F+*=85

kcaljmol, 45 =13.0e.u. DENRES R,

FERBEERTE= v () ©1: 1 SEERIGEECH LT, = v 7 A-TAN & 0 kX
ERHEEEDWT= vy ik TAN ONBEED = » r ATERE LT W2 KON EETSL L5 =

FahbEE TN .

¥, pH FBETHIE ULCRMECIZ 72 ) VvIEES o v s EEN T B R B b i Lie s, R

AR & LR DRI B AR & 0 = O

1 #

AAEFOERE A + v &, v — bR SR B v T
M5 SV OHEBEFGIC 2V T, TR D 0F IR
FEERTLAEORIFERAT, KB REFS 1:1 Fv—©
OEREETHS EMESTR TS ko 2, Freiser Hine
FVY, BIVEOFEGEL A ST 0 M), = 7 A (1),
IO (M) 28T %5 & v olEi% 3R, WEHr 2-7 7
FAFF N AT VOBET 1:2 F V- FMERRIGHISET S
BEEWT, 111 Frv— P ERRIGHEEL, =y (1)
DT, TOMREELITRE 25°C s\ C 109~10% [ mol 1.
sec THE LHEL BV,

—7, BFEREECE L TCIEE A 4 v bOKMKGTD
BSOS T A D, 27, © RIS SRA A
B FOAESEOLE R ICHNEETLZ LB Mmbi T
B0, FESIHEIEOTIRC ST, 101 Fv— b EREN
DL ER B IKTNEE A 7 v s LOBSL RS T O I ¥ koo
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HEERTH D Z &, e, SOMERIGHUIMCIZ SR 1 4 v L7
T LD BREGOENTEPFETH 2 L 3 RESh TV 3,

* TPk AL¥EE TR, ETETEREAK

1) B.E.Mclellan, H. Freiser, Anal. Chem., 36, 2263(1964).

2) Joon S.0Oh, H.Freiser, sbid., 39, 295(1967).

3) M. Eigen, R.W. Wilkins in “Mechanisms of Inorganic

Reaction.” Advances in Chemistry Series, No. 49, Ameri-

can Chemical Society, Washington, D, C., 1955.
4) N.Sutin, Ann. Rev. Phys. Chem., 17, 119{1966).
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%f‘?}%\l‘fco

AETIL, PF Ve HRTEWREEE A & o5k
Bl Pizs 6-2-F 7 VI AT V)57~ (T TAN & W
BT 5) DrewRAABEEEAVWD = Y () Okl
ZHOMC L, EOREERECEST DA EINOEE SR
B LD ERRT, ks, HKHOWREA F ViEEY—FEIicd o
HITHACHEEHOMEEER T 5P o TL S ¥ b5
ERNTNTed o e, SOREE T LBHEY It T,
TAN OBEHEN K, BIUKE 2= et aflEo SEG
4 Kpr DEELFR %D THRET S,

2 HERLUTEE

2.1 # %

= 7ob () RETEHEWEE= F A2 KCEBEL, BEX
EDTA EERTEE L, COBOLERT 5 Iz 5.0X107¢
mol/? B X5 FHRL TRV o

TAN D 7 v vl AERL R EME TAN (H5E 99
%L E) I bt =% ) — L TEERL, IR SRR
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5) G.K.Schweitzer, J.L.Mottern, Anal. Chim. Acta, 26,

120(1962).

6) wHlITE, FHEGLT, Hik, 83, 1185(1962).
7y N 8, S, 13, 553(1964).

Table 1 Distribution coefficent and acid
dissociation constant

Temperature (°K) log Kpp pK,
288 3.98 10. 24
293 3.85 10.33
298 3.64 10.51
303 3.54 10.61
308 3.45 10. 58
0.2~
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o
o
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Fig. 1 Effect of shaking speed on absorbance of organic
phase at 595 nm alter 30 minutes shaking

[Ni?*7, =0 : 5. 0% 107% mol/l, [HR7,: 1. 0Xx 1078 mol/l,
pH : 6.49, Temperature : 303°K
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Fig. 2 Rate of extraction of nickel (I) ion using
chloroform solution of TAN

[Ni%*7, = * 5. 0% 1078 mol/]
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a 15.0%107% b :1.0Xx107%, ¢ :1.7x107%
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pH 1 7.12, Temperature : 298°K
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Fig. 3 Rate of extraction as a function of
concentration of TAN

[(Ni?* Ty =0 : 5. 0X 1070 moal/t
pH : 7.12, Tempecrature : 298°K
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Fig. 4 Effect of buffer on the rate of extraction

[Ni%*7], ;o0 2 5.0X107% mol/]

[HR7y ¢ 1. 0x107% mol/l
pH :7.02 Temperature : 298°K
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Fig. 5 Rate of extraction as a function of [H']
[Ni**7, =0 : 5. 0X 1075 mol/]
[HR], : 1. 0X 1073 mol/l
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Table 2 Thermodynamic data
E, : 13. 0 keal/mol

AH* : 12. 4 kecal/mol
4F= . 8.5 kcal/mol

A45% :13. 0e. u.
6.8
66
[
o 64—
]
62|
60 I 1 {
33 34 35
1/T(x10%)

Fig. 6 Axrrhenius plot
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8) R.E.Connik, D.Fiat, J. Chem. Phys., 44, 4103(1966).
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Tahble 3 Reaction order for metal complexes

Reaction
Metal Reagent order in
[HR], [HY]
Nickel(II)  Dithizone® 1. 10 —0.82
" Di-p-naphtyl-thio- 1.35 _p.78
carbazone®
1" TAN 1.30 —1.0
Di-p-naphtyl-thio-
Zine (TI) cfrbazpong‘l’ 1.80 —1.13
Di~p-methoxy-phenyl- N
" thiocarbazone® 1.20 1.0
" Di-m~trifluoro-methyl- 1.90 1.0

phenyl-thiocarbazone®

a) Ref:1). b) Ref:2).



Table 4 Formation constant K, of the
nickel (IL) phosphate complex

]  [NiHPO,]
ph Ho= T [ HPOF ]
6. 41 2. 68 % 10?

6.56 1.34% 102
6. 81 2. 16X 10%
Average 2. 10102
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Kinetics and Mechanism of Extraction of Nickel(ll) with 6-(2-Thiazolylazo)naphthol

Saburo Ito, Kensaku Haracucur, Katsutoshi Yamapa
and Koichi Nakacawa

Government Industrial Development Laboratory, Hokkaido ;
Higashi- Tsukisamu, Toyohiva-ku, Sapporvo, Japan

The kinetics of extraction of nickel(Il) from aqueous solution, using chloroform solution of
6-(2-thiazolylazo)naphthol (TAN), was studied spectrophotometrically in the pH range 5.8~7.1
and at an ionic strength x=0.1.

In a sufficiently high shaking speed region, the extraction was controlled by a chemical
reaction in the aqueous phase. The reaction svas of first-order with respect to nickel(1l),
first-order with respect to TAN and inversely, first-order with respect to hydrogen ion, which
indicated that the formation of 1: 1 chelate in agueous phase was the rate-determining step.
The rate constant of this reaction was found to be 2.5x10%/-mol~!-sec™® at 298°K.

The higher rate of the nickel (1[)-TAN complexation reaction than that of the reaction in
similer nickel(Il) systems, already reported, was discussed in terms of a model in which the
loss of the first waler molecule, coordinated to nickel in the outer-sphere complex, was the
rate-determining step. The influence of phosphate ion, added to the aqueous phase as a buffer
agent, on the rate of extraction was expelled.

The temperature dependence on the formation rate of the 1:1 chelate was determined and
thermodynamic data have been calculated. These values are E,: 13.0 kcal/mol, 4H*: 124

keal/mol, 4F~: 8.5 kcal/mol and 4S~: 13.0e.u.
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Fig, 1 Effect of shnking speed on absorbance of organic
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Table 1 Observed rate constants at various conditions

-] [EDTA] fegpg
Run No. (molJ]) (mol/D) (sec™1)
X108 X108 X 10t
1 2.82 2.03 4.12
2 5.07 5.75
3 10.1 8.12
4 5.01 2.03 6. 82
5 5.07 8.12
6 10.1 9. 95
7 9.78 2.03 12.0
8 5.07 12.9
9 10. 1 ‘ 14.8
10 15.8 2,03 18.2
i1 5.07 19.8
12 10.1 21.3
13 36.3 2.03 40. 3
14 5.07 41.5
15 10.1 43.6
16 51.3 2.03 42,0
17 5.07 43.2
18 7.61 44,
30
'>?'< 20 Sn = b [=] [¢] o
N o) o
1 'l 1 L 1 X 5 X L 1 L
DO 5 10

[HL] o, (molf2) > 108
Fig. 2 ko as a function of HL concentration in orga-
nic phase
[Culglgrg. & 2. 13X 10 % mol/l, [EDTA],q. ¢ 10. 1X107% molfl,
pH: 6.80, 25°C, u=0.1
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[HoPO,] 4+ [HPO,T (mol/l) x 102
Fig. 3 kg as a function of buffer concentration

[Culy]org. © 2. 13X107° mol/l, [HL] g, : 5. 041074 molfi,
[EDTA],,. : 2.03X1073 mol/l, pH :6.96, 25°C, =01

DER, EREETHE kows © EDTA ofR)E (Y], k1
UIKGEA A vig [HY] R\ o w Tl B EY R 4 TR T,
WIhOBE PR E L OBERY S, (2)ROBENIRIITS
CEETT, CITIREROAEEITH D,

kohs:kYT[Y]T"‘i (2)

F2Wi L kyy OFERTT. @ BIO kyy &% DH kEH
D, Mok ik (HY] oBfRey R4S, BAYBELIEGEYS
i, 1=kg[H'] THEBZL®FRT, by K4 DEHOHRDHE

45~ 1

-}t

10

1
0 2 4 6 8 10 12
[EDTA] (mol/?) x 103
Fig. 4 k., as a function of EDTA concentration in
aqueous phase at various pH
[Culglorg. : 2. 18X 1078 mol/l, [HL]yp,, @ 5.04%107% mol/l,
25°C, u4=0.1
pH—
1:6.29, 2:6.44, 3:6.80, 4:7.01, 5:7.30, 6:7.55

Table 2 ky, and intercept (7 ) values at various pH
obtained from Fig. 4

oH Interc;ﬁ(pltOi Fyr X 102
7.55 3.86 3.84
7.30 6.11 3.79
7.10 11.3 3.50
6. 80 17.5 3.91
6. 44 39.6 4.01
6. 29 41.0 4.13

50
0] o ©
=S 30 =
™
X
20
] o
0 1 1 i I 1
0 ] 2 3 4 5 6

[F*] (mol/l) x 107

Fig. 5 Value of the intercept {{) obtained from Fig. 4
as a function of H* concentration

T, ky=1.1x10tI-mol *.sec™! 5% 2, L’ o C E—YkE
BEFEW kops 12 EDTA ORMEERBL T —kOMEEREA 4
RECHLTRoE»ER DL, BN TERRKGI>E0
DORGER AR THETT5 LRI 5, Piobhh, FlE
LAMCHAEI Lz Culy #5, (i) EDTA I BW® S h 5 R
&, () KEAAVvORELL - THELAEDL EDTA R L o
THEZhLIBROZD T H 5, FRFhORKOEETHN
kyp & Ry ThHDo kyr Offir pH O{ET & & biciikd 523,
Chik EDTA of7Ef (Y, HY-, Y2, HYS, Y4) ofF
PRI PHIC X S TER L, Fhbd, BREFENEEESEH
TCuly EFEIGT B0 EELbRD, AEBELET T EDTA
DEBMEEIERS 25, TFERT HY? & HYS pik#sc, i
DAEFERIL & M  BER TE B2 X dinvs, Lindi, Thype
[Ylr i, 351K (3) XD X5 5ETED, 22T Euy,
kuy VI EHZ R H Y B0 HYS o Cul, wit4 » EiEn
BoREERTH 5,

kyr [ Y= ku,y [H Y2 4k y [HY3] (3)

EDTA oFE=@ititEis K s35& [HY*] & [HY?]
Erx (4) RoBEERAD BB, (83)HKE (4) s (5) B
[&:5iE5 (0N

[, V7] - K= [H*]-[HY] (4)
H* H*
kYT{ [Ka] +1}: [Ks] ckmy+kuy (57

R6iwc, by {[H /K1Y ofEs H)/K LR LTy ey -
LRERERT. ERAEL R, TORE, YHo@T+hFh
kupy 58X 08 bay 52 %, ROBIIZ kv, kay DIETER
Fh 4.6x107% X of 3.8x1072l.mol Lisec™! TH 5,

DEoEBERN O &RIEEERL (6) RThbban, X
TERAEE D L5 =00 RIBRK & TR TR R
EITT 5 LEHINRD,

d [%‘;LZ]-: {1 1X 104[H*] ++4. 6 X 10~2[H, Y2

+3.8X 1072 [HY* T} [Culy] (6)

4) R. Skochdopole, S. Chaberek, J. Inorg. Nucl. Chem.,
11, 222(1959).
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[H*/K,
. [H*]
Fig. 6 Plot of kv, oo 417 %102 against [H*]/K; for
the ligand substitution reaction of Cul, with
EDTA at 25°C

r CuLz
org.
it
ag i
HY -l oy
Cul: +
Yy —" . ooy
H‘I
In
Cul. HeY
lT + H —h—““t) CuY
Cu HY

Fig. 7 Proposed reaction scheme for the ligand substi-
tution reaction of CuL, with EDTA

RIGERCH A ML) -EDTA 25, % DL b
AT, Cu¥? ks w ki, CullY™ = CuY (OH)®™ 7 v
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Kruh 3 L0° Dwiggins® & X 2 X065 M O f R b 48 ?{Eé
B L5, Culy & ¥ AaRIEFR O O35 A7 AT R RS S
B, UFROiobflid 2 ]mj-‘rﬁjac—o(mj\f‘%ﬂdubfvZJ
bDOEELZ SR, !IZH@VL\—@{W(H) ﬂiﬁ—?#ﬁn = AR
BERDBEAHD ind (7)) FHinFEy b o'h,@c

ﬁlﬂ(@fﬁ%@*ﬂi?ﬁ”ﬁ)‘f‘@ﬁﬂg‘; DEEW BT, A

HaY
| ey P N_Cluﬁ(;,\
- H:D H:0
(CulL-2H:0) ?114_[* CuY + 2HL (D
|- 112 e L LieE

5) T.B.Bhat, M. Krishnamurthy, J. Inovg. Nucl. Chem.
25, 1147(1963).

6) R. Kruh, C. W. Dwiggins, J. Amer. Chem. Soe., 17,
806 (1855).
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7) F. Basolo, R. G. Pearson “Mechanisms of Inerganic
Reactions”, 2nd eddition, John Wiley and Sons, Inc.,
New York (1967) p. 421.

8) (7) R MY ©BaeR Ly, HYS o
CELZBRATHAS.

9) D. W. Rogers, D. A. Aikens, C. N. Reilley, J. Phys.
Chem., 66, 1582(1962),

10} 1-(2-Hydroxy-1-naphthylazo}-2-naphthol -4 - sulfonic
acid.

11) S. Funahashi, S. Yamada, M. Tanaka, Inorg. Chem.,
10, 257(1971).

12) (Ethyleneglycol)bis(2~aminoethylether)—N, N, N, N'-
fetraacetic acid.

13) 4-(2-Pyridylazo)resorcinol.

14) R.G.Pearson, R.Lainer, J. Amer. Chem. Soc., 86, 765
(1964).

15) W.B. Makinen, A.F. Pearlmutter, J. E. Stuehr, ibid.,
91, 4083(1969).

16) I. D. Carr, K. Torrance, C. J. Crutz, C. N. Reilley,
Anal. Chem., 39, 1538(1967).

17) Propylenediamine-N, N, N/, N'-tetraacetic acid.
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Kinetics of Ligand Substitution Reaction of Bis(2-methyl-8- qumolmolato)copper([l)
with Ethylenedlammetetraacetate lon

Kensaku Haragucur and Saburo Ito

Government Industvial Development Laboratovy, Hokkaido |
Higashi-Tsukiscmu, Toyohira-ku, Sapporo-shi, Japan

Solvent extraction technique was utilized to study the ligand substitution reaction kinetics of
his (2-methyl-8-quinolinclato)eopper (II) (Cul,) with ethylenediaminetetraacetate ion (EDTA).
The reaction is described as follows:

CtLatorgy + EDTA oy —+ Cu-EDTA gy + 2 HL e

The rate of back extraction of the Cul, complex from chloroform layer to the aqueous layer
by EDTA was determined spectrophotometrically measuring absorption band of the Cul.; com-
plex in the organic phase at 400 nm. The rate of back extraction increases quite rapidly by the
2t and above the shaking speed of 340
the observed rate of back extraction was
The pH and
EDTA concentration dependences of the pseudo first order rate constant, kg, were analyzed
over a pH range from 6.2 to 7.6 at 25°C and ionic strength of 0.1.

The initial rate of the reaction can be expressed by the following equation:

- AOULa] g (AT R TH Y] g T} [CuL, ]

elevation of shaking speed, and reaches constant value ¢
‘Within this region,
considered to be equal to the rate of chemical reaction in ihe agueous phase.

strokes per minute. “plateau”

The estimated rate constants, kuw, Zmy and kgy are 1.1x104, 4.6X107% and 3.8X107% mol -

-1

sec”!, respectively.
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Infrared Absorption Spectra of Silica Gel-H,"*0, D,*0, and H,"*0 Systems

Masao Hivo and Toshio Saro
Government Indusirinl Development Laboratory, Hokkaido, Higashi-Tsukisamu, Sapporo
(Received July 4, 1970}

Infrared absorption spectra of the systems of silica gel - H,*%0, D,*O, H,0, and some crganic vapors were

measured in order to assign the bands sensitive to adsorption at 870 and around 950 cm™2.
gel caused the absorption decrease at 870 cm™! and the appearance of a band at 620 cm™.

Deuteration of silica
The band around

950 cm—! appearing by adsorption not only of water but also of organic vapors showed no shift on deuteration, but
shified toward low frequency side by 25 em™ on the substitution of **O of surface silanol groups with 1%0. From
these facts the bands at 870, 620 and 950 cm—! were assigned to $i-OH bending, Si-OD bending and Si-O streiching
vibrations of surface silanol groups, respeclively. The oxygen atom of silanol groups of silica gcl was found to ex-
change with that of adsorbed water molecules even at room temperature for a sample treated at temperature below
300°C. On the other hand, higher reaction temperature of ca. 200°Ci was necessary for a sample calcined at 800°C.
Mechanism of the oxygen atom exchange reaction was discussed.

A number of investigations have been carried out
to elucidate the structure and propertics of silica gel
surface by use of infrared spectroscopy.r=® They were
concentrated on measurement of the OH stretching
band between 4000 and 2500 cmm—l. However, there
are very few investigations in other spectrum regions.

Beutelspacher? first pointed out that a wet silica gel
had'a 950 cm—! band, which vanished by heat treatment
at 1000°C. Soda® also found a 950 em~1 absorption
band sensitive to desiccation for a finely ground quartz
powder sample. He assumed that it was due to the
bending vibration of Si-OH groups on the surface of
the particles. On the other hand, Benesi and Jones®

assigned this bending vibration to the band at 870 em~1,
from the fact that it disappeared on deuteration.

The purpose of the present work is 1o establish the
assignment of these two bands more directly by meas-
uring the isotopic shift in wider frequency region when
H and ¥Q atoms of silica gel are substituted with 1
and 0 atoms, respectively, and also by measuring
the adsorption effects of various vapors on the surface.
The reactivity of the silica gel surface was also studied
through the exchange reaction of water with surface
silanol groups.

Experimental

Materials. Silica gel for chromatography (Kanto Chem-
ical Co., Inc.) made from sodium silicate and sulfuric acid
was ground in an agate mortar and then suspended in deionized
water to get a very fine powder sample. The surface area of
this material was 450 m?2/g, independent of the heat treatment
at temperature lower than 600°C. D,%0O (Showa Denko
Co., Ltd.) of 99.75 atom % in purity and H,®0O (Yeda R.

1) M. L. Hair, “Infrared Spectroscopy in Surface Chemistry,”
Marcel Dekker, Inc., New York (1967), p. 79.

2) M, R. Basila, “Applied Spectroscopy Reviews,” Vol. 1,
Marcel Dekker, Inc,, New York (1968), p. 296.

3)  A. V. Kiselev and V. I. Lygin, Russian Chem., Rev., 31, 175
(1962).

4) H. Beutelspacher, VI Congres International de la Science
du sol, Vol. B 329 {1956).

5) R. Soda, This Bulletin, 34, 1491 (1961).

6) H.A. Benesi and A, C. Jones, J. Phys. Clem., 63, 179 (1959).

& D., Co. Lid.) of 97.9 atom 9, were used. Methanol, di-
cthyl ether, acetone, and carbon disulfide, all of guaranieed
reagent grade, were dried, distilled and degassed before the
adsorption experiment. Pure hydrogen sulfide (Takachiho
Chemical Industrial Co.} was used without further purifica-
tion

Apparatus and Procedure. A JASCO Model 402-G double
beam infrared spectrometer was used for recording the spectra
in the wave number region between 4000 and 430 cm™.  An
all metal in situ cell used for measurement at room tempera-
ture is shown in Fig. 1. Another infrared cell with liquid

nitrogen cooling system was also construcied by modifying
the cell in Fig. 1 for measuring the adsorption of organic
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Fig. 1. All metal in situ cell.
1, adsorbent sample; 2, KBr plate; 3, thermocouple;
4, nichrome wire heater; 5, nichrome wire hanger;
6, evacuation outlet; 7, O-ring seal; 8, water jacket;
9, KBr window; 10, silicone rubber packing;
11, elastic epoxide resin seal; 12, chromium plated steel



vapors and hydrogen sulfide at lower temperature down
to —130°C. ‘

A sandwich method was used for sample preparation; 6
to 20 mg of silical gel powder dispersed in a few drops of
methanol was spread on the transparent KBr plate of 3¢ mm x
12 mmx4 mm, After the methanol was evaporated, the
silica powder on the plate was made even with a spatula and
sandwiched by facing another KBr platc on the sample. As
far as infrared spectrometer was used as a monitor, the silica
gel was found not to react with methanol during the course
of preparation. A vacuum reference cell was set in the light
path of the reference side to eliminate the background effect
of the spectra.  To prepare a sufficiently deuterated silica gel
sample, the sample was exposed to DO vapor at 10 mmHg
for 30 min and then evacuated, both at room temperature.
The procedure was repeated six times.®?

Results

1. Silica Gel- HA8O System. Measurement of
the spectra was carried out on the silica gel sample after
evacuation at various temperatures and also on suc-
cessive exposure to water vapor at room temperature,
As shown in Fig. 2, evacuation at room temperature
gave marked decrease of the OH stretching band at
3400 cm~! and the HOH bending band at 1630 ecm™1,
which were attributed to the hydrogen-bonded hydroxyl
groups and physically adsorbed water molecules, re-
spectively. A simultaneous decrease of the absorption
at 950 cm~' was ohserved, while the absorption at
870 cm~* increased in intensity and a sharp OH stretch-
ing band at 3748 cm~! due to the “free” silanol groups
appeared.  Evacuation at clevated temperatures, as
represented by Curves 4 and 6 in Fig. 2, produced a
similar but stronger effect in the spectral changes,
although the band at 870 cm ! exceptionally decreased
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in intensity, Admission of water vapor on these evacuat-
ed surfaces produced the reverse effect on the spectral
changes (Curves 3, 5, and 7). However, these five
absorptions were completely restored only when the
sample was evacuated at room temperature (Curve 3).
A small band shift from 950 to 960 cm—* was observed,
when the sample was evacuated at 200 and 300°C
and then rehydrated at room temperature.

Organic vapors and hydrogen sulfide, which have
no absorption around 960 ¢m—', were then admitted
at low temperatures onto the silica gel samples evacuated
at 200°C. In each case, as seen in Table 1, bands were
found to come out around 960 cm~! and in the wave
number region from 3680 to 3300 cm™, the peak
positions depending on the kind and the amount of
adsorbate.

2. Stlica Gel-Dy180 System. Appearance of a
strong 90D stretching band at 2480 cm~! together
with the disappearance of the bands of WOH at 3400
and 1630 cm~! after deuteration confirmed that the
deuteration of the present silica gel sample was com-
pleted.®™ It should be emphasized that this treatment
induced no spectral change at the 950 cm~! band and

TasLe 1. Prak POSITION oOF THE BANDS PRODUCED
BY ADSORPTION OF ORGANIC VAPORS

OH stretching band The band around

Transmissivn

L L : L " L - 1

SHOO 2800 2000

Adsorbate of the surface silanol 960 em—1
groups (cm™1) (em™1)
CS, 3680 970
H,S 3460 914
(C,H;),0O 3300 937
(CH;),CO 3300 945
CH,0H 2} 955
a) Not distinguishable from the OH stretching band of
CH,OH.
e r——
/[r/'
8l ()
G
(b) A,
wn . fo e 500 -

WWave number, cm™!

Tig. 2. Spectra of silica gel - H,®Q system.

a) 1

, before evacuation; 2-e-s-r, evacuated at room temperature

for 26 hr; 3——, 5-—---, exposed to H,®O at 12 mmHg; 4-.-.-- ,
evacuated at 200°C for 5 hr

b) 6 , evacualed at 300°C for 5 hr; 7----, exposed to H,1%0 at
12 mmHg

Experiments were carried out in the order from 1 to 7.

The spectra

of lower wave number than 1400 cm—T were recorded after the back-
ground was adjusted to a constant level at 1400 cm~1.

7) V.Ya. Davydov, A. V. Kiselev, and L. T. Zhuravlev, Trans.

Faraday Soc., 60, 2254 (1964).
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also much decrease of the absorption at 870 cm=1. On
evacuation of the sample at elevated temperatures, the
band intensity at 950 cm™! decreased and a new band

grew up at 620 cm=* (Curve 3 in Fig. 3). Introduction
of D0 vapor to this evacuated sample gave a reverse
spectral change, although the band at 950 cm~! finally
settled down to 960 cm~! as in the case of silica
gel -Hy®O system. The original spectra illustrated in
Fig. 2 were restored by treating the deuterated sample
with light water vapor,

3. Silica Gel- Hy80 System. A preliminary ex-
periment showed that the introduction of H,®0 to a
silica gel sample evacuated at 300°C for several hours
gave small but definite isotopic shifts at the 3750 and
950 cm™! bands, but not at any other bands. Fvacua-
tion and introduction of H,2O were then repeated in
the order from Curve 1 to Curve 12 in Fig. 4 in order
to observe more precise spectral changes with time.
As illustrated by Curve 3 of Fig. 4 (b}, the band at

960 cm! was produced immediately after the introduc-
tion of Hy®O at room temperature. This band, how-
ever, shifted to the lower wave number side with time
and reached almost a steady value of 935 cm—! after
about 70 min. Successive treatment with H,180 at
100°C gave more shifts, as seen in Curve 11, In a
quite similar way, a new band around 3740 cm~! grew
up in accordance with the decrease of the OH stretching
band at 3748 em~! with time and reached a steady
state aflter 70 min (Curves 8 and 10, Fig. 4(a)). Treat-
ment with Hy1%0 at 100°C gave a more distinct spectral
change, as seen in Curve 12.

The exchange reaction with H,'80 was also con-
ducted on a silica gel sample preliminarily calcined
at 800°C for 30 hr, which gave very sharp free OH
absorption on account of almost complete lack of
background due to the broad hydrogen-honded OH
absorption around 3600 cm~!.  After the sample was
evacuated at room temperature, it was exposed in
H,"O vapor at room temperature. As seen in Fig. 5(a),
the free OI absorption at 3751 cm~! decreased very

100 s T T

(@)

Transmittance, 9

spectral slit width

¢} L ! L
3780 3760 3740
Wave number, cm-~t

60

,
0

4o (b)

Transmittance, ©

200

|
1000
Wave nuimnber, cm~1

Fig. 4. Specira ofsilica gel - H,'2O system.

1, evacuated; 2, evacuated at 200°C; 3, cxposed 1o H,®0O
vapor for 6 min; 4, evacuated; 5, exposed to H,'®O vapor for
253 min; 6, evacualed; 7, exposed to H,1%0 vapor for 40 min;
8, evacuated; 9, exposed to 0 wvapor for 100 min; 10,
caveualed; 11, exposed to H,®O vapor at 100°G for 1 hr and
cooled to room temperature in the vapor atmosphere; 12,
evacuated.

Evacuation was conducted at room temperaturc for 5 hr
and Hy'®0 vapor of 10 mmHg was introduced also at room
temperature unless otherwise described.

T T T T T

Transmission

T T T T

L - 1 1

1000

L
3600 2800

700 6500

Wave number, cm—?t

Fig. 3. Evacuation effect of a deuterated silica gel sample,

1——, on exposure to D,*0O at 5 mmHg; 2---—-, , on exposure to DO
at 9 mmHg after being evacuated at 200°C for 5 hr; 3---e , after being
evacuated at 300°G for 5 hr; 4-e-e-e, on exposure to D,%0 at 12 mmHg

alter the 300°C evacuation



Transmittance, %o

1 1

] A b
3780 3740 3700

Wave number, cm™t

60 -
(b)

Transmittance, %,

{

1 1
3780 3740

.
3700
Wave number, cm—*

Fig. 5. Spectral changes in free OH stretching band of silica
gel caleined at 800°C on exposure to H,®O vapor at room
temperature (a) and at higher temperatures (b).

a) before exposure (1), exposed to F,P¥O vapor for 25 min
(1}, 2 hr more (2}, 15 hr more (3), and 15 hr more {3).
Each spectrum was recorded after evacuation at room temp-
crature.

b) belore exposure (evacuated at room temperature) (1),
exposed to H'®O vapor at 200°C for 20 hr and evacuated
at room iempecralure (2), exposed at 260°C for 8 hr and
cvacualed al the same temperature (3).
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slowly in intensity and reached a steady state after
17hr. A very small ®OH absorption at 3737 cm™!
was observed. The result confirmed that the oxygen
of the surface silanol groups was only partially ex-
changed by oxygen of H,1*O in adsorbed state at room
temperature. Tigure 5(b) shows the result on the same
sample exposed in Hy'%0 vapor at 200 and 260°C and
then evacuated. It turned out that the higher the
temperature treatment with H,'%O the more promoted
the oxygen exchange reaction.

Discussion

1. Asstgnmeni of the Bands at 960 and 870 em=L.
The band at 870 cn~! can definitely be attributed 1o
the bending vibration of frec St-O-H groups on the
surface, because the band increased in intensity on
evacuation, at least at room temperature, and shifted
to the position of 620 em=* on deuteration, its frequency
being almost consistent with that calculated under the
assumption that the band at 870 cm~! was associated
with Si-O-H bending vibration and that this can be

treated by a simple harmonic oscillator model {Table 2).

The band at 960 e is conclusively assigned to
the S1-O stretching vibration in surface silanol groups
becausc of the following evidences. 1) No hydrogen
isotopic effect was observed for this band. 2) The
free OH stretching band and this band shified quite
simultaneously during the course of oxygen exchange
rcaction. 3) The ohserved values of the oxygen isotopic
shift for these two bands were in harmony with those
calculated according to a simple harmonic oscillator
model, as illustrated in Table 2.

TABLE 2. SUMMARY OF THE INFRARED ABSORPTION BANDS OF SILICA GEL - WATER SYSTEM

Silica gel- Silica gel- Silica gel-
H,%0 system D,1%0 system H,*20 system
{em™1) (cm™) (cm™1) Assignment
Obsd Obsd  Caled  Obsd  Caled
*a) 3748 2755 2728 3740 3735 OH (or OD) stretching of free silanol
*b) 3751 — e 3737 3737 groups
* 3400 2500 2474 *%3400 3389 OH (or OD) stretching of water and
hydrogen bonded silanol groups
* — 2780 — — — OD asymmetric streiching of D,O
vapor
1870 1870 — 1870 — Skeletal Si-O combination®
1640 1640 — 1640 — Skeletal Si-O overtone®
* 1630 — — 1630 — HOH deformation of water
e 1440 — — — HOD deformation®
1050 1050 — 1050 — Skeletal Si-O stretching®®
~1200 ~1200 ~1200
* 950 950 — 935 916 5i-O stretehing of silanol groups
~960 ~960 ~925
* 870 620 633 870 — S5i-OH (or Si-OD) bending
805 805 — 805 — Skeletal Si-O stretching®:?)
560 560 — 560 — Unknown, some skeletal vibration 7
470 470 — 470 — Skeletal Si-O%
a) For silica gel without heat-treatment. b) Tor silica gel calcined at 800°C. c) Ref. 6. d) Ref. 5.

* Adsorption sensitive hands.
was impossible,

**The band was so broad that an accurate determination of the small isotope shilt
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It should be pointed out, however, that no shift of
the band at 960 cm~ was chserved immediately after
the introduction of Hy"¥O on a silica gel sample. In
other words, the band at 960 cm—* was produced by
rapid adsorption of H,'%0 on the surface as in the case
of Hy0 -silica gel system and then shifted gradually
with the progress of the exchange reaction. The
band is thus expected to be induced indirectly by the
hydrogen bond formation of Si—-OH with adsorbed
water. This explanation was supported by the fact
that the band around 960 cm~' was produced by the
introduction of various organic vapors which formed
more or less hydrogen bonding with silanol groups.
Such a stretching vibration sensitive to hydrogen bond-
ing is not so strange; it is known that Si~O stretching
vibration in silanol compounds® as well as C-O stretch-
ing vibration in alcchols® have a big dilution effect

in nonpolar solvents.

We can safely rule out the possibility that the two
bands at 960 and 870 cm—! are associated with the
overtone and combination of Si—-Q skeletal vibration,
judging from their position and sensitivity to adsorption.

2. Reactivity of Silica Gel Surface. Mills and
Hindin'® have concluded indirectly from mass spec-
trometric analysis that the oxygen exchange reaction

8) K. Licht and H. Kriegsmann, Z. dnorg. Allgem. Chem., 323,
190, 239 (1963).

9) G. C. Pimentel and A. L. Mcclellan, ““The Hydrogen Bond,”
W. H. Freeman & Company, San Francisco & London (1960),
p- 140.

10) G. A. Mills and S. G. Hindin, J. Amer. Chem. Soc., 72, 5549
(1950).

between surface silanol groups of silica gel and water
takes place at a temperature above 100°C. The present
work confirmed directly that the reaction proceeded
considerably, but not completely, at room temperature
on a silica gel treated at a low temperature below
300°C.  Such a silica gel is readily dehydrated and
rehydrated. The result can be explained as a con-
sequence of the repetition of these iwo reactions ac-
cording to the following scheme hitherto accepted!

H H H H

@] O (@] O

| | | | PN

Si Si1 851 == Si Si Si + 1,0
107 1Mo 7 N VA RGN

viz., the production of strained siloxan type species
and some free OH groups from the clusters of OH
groups adjacent to each other and the reverse reaction.
Incomplete exchange of oxygen in the present case
would be due to the presence of some genuinely free
silanol groups, predominant for the silica gel treated
at such a high temperature as 800°C.

the Bulletin of the Chemical '
Society of Japan, 44, pp, 33—37 {1971}
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Simultaneous Determination of Low Levels of Impurities in

Hydrogen by Differential Concentration Gas Chromatography
By Sumio Ohkoshi, Tomiki Takahashi, and Toshio Sato
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2-5 EFFECT OF ADSORPTION OF CARRIER GAS IN GAS-SOLID
CHROMATOGRAPHY

THEORY AND ITS APPLICATION TO THE SEPARATION OF
HYDROGEN ISOTOPES

TOSHIO SATO, SUMIO OHKOSHI axp TOMIKI TAKAHASHI
Government Industrial Development Laboratory, Hokkaido, Higashi-Tsukisamu, Sapporo (Japan)
(Received November 1st, 1971)

SUMMARY

Analytical formulae to-express the effect of adsorption of carrier gas in gas—
solid chromatography have been derived from the theory of non-linear ideal chroma-
tography and the Langmuir adsorption theory. They predict improvement of sym-
metry in peak shape, reduction in retention volume, independence of relative reten-
tion on the kind of carrier gas used, and the smaller dependence of retention volume
on column temperature when an inert gas is replaced with an adsorptive gas as carrier.
The formulae were satisfactorily applied to explain experimental results on the sep-
aration of hydrogen isotopes by a series of ammonia-treated molecular sieve 13X
columns.

INTRODUCTION

The use of carbon dioxide!, water vapor?, ammonia® and hydrogen?* as carrier
gases for gas chromatography (GC) has been demonstrated, to shorten the elution time
and improve the symmetry of the peak, leading to a more efficient separation of mate-
rials. OHKOsHI, one of the authors of this paper, has found that the use of hydrogen as
a carrier gas has a remarkable effect on the GC separation of HD and D, by an activat-
ed molecular sieve column?®: HD and D,, which are not eluted in several hours when
helium is used as carrier gas, are eluted within several minutes as fully separated sym-
metrical peaks with hydrogen carrier gas. In the present work, analytical formulae
derived from the theory of chromatography and the Langmuir adsorption theory, gave
a satisfactory explanation for the experimental results obtained, for the separation of
hydrogen isotopes by a series of molecular sieve columns whose adsorption capacities
for hydrogen were finely controlled by pretreatment with ammonia. Ammonia was
chosen because the amount used can be readily determined by a conventional gas
volumetric method and also it is less chemically reactive than water vapor with

respect to the molecular sieve®, although both the vapors may be used for the present
experiment.

General theory
The theory of non-linear ideal chromatography for a single solute 7 (refs. 6-8)
gives the relation between the adjusted retention volume (retention volume minus

hold-up volume) V; (ml) and the amount of specific adsorption of the solute f(p;)
(mmole/g),
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Vi=ml[of(p;) oc; ]y = m[of(p;)| Op; ]+ (Op;/oc)r (1)

where m is the total weight (g) of an adsorbent in the column, 7" the column tempera-
ture (°K) and p; and ¢; the equilibrium pressure and concentration of the solute in
gas phase at column outlet (atm and mmole/ml), respectively.

If f(p;) can be assumed to be of the Langmuir type, we obtain

f"(p;) = Unbip: [ (X + b;p;) (2)

for an inert carrier gas, and

£24(p;) = v bipi/ (14 biD; + baaPag) | (3)

for an adsorptive carrier gas, where vy, is the monolayer adsorption amount of ¢
assumed to be the same as that of the carrier gas®, and & the Langmuir constant. It
should be pointed out that eqn. 3 is in a form for mixed solutes, but fad(;} can be
considered as a function of p; only, since Paa 1s kept at an almost constant value of
I atm throughout the ¢xperiments.

Eqns. 1, 2 and 3 and the relation p; = ¢;RT give

Vi = mRTv,b;/(1+b;p;) ' 4)
and ‘
V?d = mRTvmbi/(I +blpl+ badpad) (5)

under the conditions that bips/(T + bips) € T and bepy/(X + bipi + Padpaa) < I,
because of the small $; value.

Now we apply the equations to the present system. In the present work, helium
was used as an inert carrier gas, and light hydrogen as an adsorptive carrier gas. If
the ammonia adsorption, as described later, simply gives rise to the decrease of the
surface area available for hydrogen adsorption, we have

Oy = kDNH3(I - 6NH3) (6)

where vng,.and fixg, are the monolayer adsorption amount and the coverage of
ammonia and % is a proportionality constant. From eqns. 4, 5 and 6 we obtain

Vie= kvng, (1 — O, ) mRTh; [ (1 + b;p;) (7
(i = H,,HDor D,)
and
Vﬁl = kvgp, (1 — Onyg,) MRTh; [ (1 + b;p; + by, py,) (8)
(i=HD or D,)
EXPERIMENTAL

Apparatus and gas chromatographic procedure

A conventional all glass apparatus with high vacuum line was used for measur-
ing the adsorption isotherms of hydrogen isotopes on a commercial molecular sieve
13X at —195° and -—183°, and also for treating a column with a known amount
of ammonia. A Shimazu Model 1B-2 gas chromatograph equipped with a thermal
conductivity detector was used for recording gas chromatograms. The separatory
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column (4 mm [.D. X 40 cm) was the molecular sieve 13X (60-80- mesh) packed -
in U-glass tubing with a stop cock and a reflux cock, as shown in Fig. 1. After treat-
ment with ammonia, the column was connected to the gas chromatograph with
silicon rubber tubing, and air in part A (¢f. Fig. 1) of the glass tubing was replaced
by a carrier gas, before the gas was introduced into the column. Flow rates of helium
and hydrogen carrier gas were kept at 200 and 100 ml/min, respectively, through-
out the experiments. The difference between the pressures at inlet and outlet of
the column was so small (not more than 5 cm Hg) that the pressure correction for
the retention volume was neglected. A glass made gas sample injection device con-
nected to the vacuum line was used to introduce a known amount of sample gas
under reduced pressure into the column. $; was calculated according to the method
by CREMER AND HUBER!?,
T To vacuum line

e k| =

—

— —

~ f To adsorption
measurement

apparatus

Glass wool —>

!

Carrier gas outlet
Hg manometer

<— Column
(molecularsieve 13 X
4mm ¢ x 40 cm)

\&)

Fig. 1. Column preparation.

Materials

The helium carrier gas was purified by passing it through an activated carbon
trap cooled at —195°. Pressurized ultra-pure dry hydrogen generated by “Elhygen”
hydrogen generator with maximum capacity of 150 ml/min (Milton Roy Co., U.S.A.)
was also used as a carrier gas. Deuterium of 99.9 % purity (Showa Denko Co. Litd.)
was used without further purification. A mixture of H,, HD and D, gases was made
by the reaction of H, and D, in the molar ratio I to 1.70 in the presence of a platinum
net catalyst heated at 300°C, overnight in a side tube of a 3-1 glass bulb. Its com-
position was determined by GC!. Commercial ammonia from a cylinder was purified
by bringing it into contact in the liquid state with sodium metal and then distilling
it into an evacuated glass bulb. Nitrogen of 99.99 % purity was used for the deter-
mination of surface area without further purification.

Preparation of the ammonia-treated column
The molecular sieve column was first activated at 300°C ina stream of hydrogen
for 1 h, connected to a high vacuum line and then evacuated (¢f. Fig. 1). An amount
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of ammonia corresponding to the nitrogen monolayer adsorption amount (179 ml
(s.t.p.}/g) was then introduced to the column at room temperature. After the efficiency
of the column had been tested at —195° and --183°C, it was again connected to the
vacuum line, evacuated at dry ice temperature to remove adsorbed hydrogen and
heated to a higher temperature to remove a known amount of ammonia. Repetition
of this procedure enabled us to make a series of columns with different ammonia
coverage.

Stringent precautions were taken to obtain a uniform coverage of ammonia
throughout the column: e.g. after a definite amount of ammonia was introduced or
removed, the column was immersed, for example, in hot water in a Dewar vessel whose
temperature was adjusted so that an equilibrium pressure of ammonia of at least
several centimeters was achieved. The column was then allowed to cool down in the
Dewar vessel. The amount of ammonia remaining in gas phase in the column at room
temperature was generally negligible except in the case of the preparation of some
columns with high ammonia coverage. Such a column preparation enabled us to
obtain quite reproducible data.

RESULTS AND DISCUSSION

Adsorption experiment

The adsorption of H, and D, at —195° and —183°C was measured on a molec-
ular sieve 13X sample activated at 300°C and also on the sample which had first
been modified by the ammonia treatment within a fxgg range between 0.3 and 0.5,
where Oxms was temporarily defined as the ratio of the adsorption amount of ammo-
nia to the monolayer adsorption amount of nitrogen. As seen in Fig. 2, Freundlich

100

50

-
(@]

(8]

Adsorptisn (ml (s.t.p.)/g ).

1 1 11l ! Lovd ot Loga 1 —t ] el
1 5 10 50 100 500 1000
Equilibrium pressure (mm Hg)

Fig. 2. Adsorption isotherms of H, and D, on an activated molecular sieve 1 3X at —183° and
—195° C.
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Fig. 4. The Langmuir plot for H, and D, adsorption on an ammonia-treated molecular sieve

13X sample at —183° and — 195°C. Onm;: 0.497.
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adsorption isotherms were obtained for the activated sample, isosteric heat of ad-
sorption @ hence depending on fu, and 0p, (see Fig. 3). In the case of a modified
sample, typical Langmuir isotherms were observed, as shown in Fig. 4, giving a
constant isosteric heat, as shown in Table I.

These facts show that the ammonia treatment produced a homogeneous sur-
face from a heterogeneous one for hydrogen adsorption. It should be pointed out,
however, that the heat of adsorption of the modified sample is smaller than that of

-

1 1 1 1 1
0 200 400 600 800 1000
Retention vcolume (ml)

HD
(b) BNH3= 0-656

IL L i ]
Q 200 1600 2000 2400 2800 3200
Retention volume {mi)

(c)  Onpy=0.303 HD

L_..”__...

I 1 i i 1

‘_1500 2400 3200 4000 4800 5600
Retention volume {ml)

(d) ONHy=0.068

Mum

L
I44000 BOOO ‘12000 16000 ZOOOO 24000 28000
Retention volume (mil)}

Fig. 5. Gas cnromatograms of hydrogen isotopes with helium carrier gas. Helium flow rate:
200 mi/min. Column temperature: — 195°C. Hold-up volume: 100 ml. Hy:HD:D, = 14.8:44.4:
40.8, Sample size: (a) 0.149, (b) 0.238, (c) 0.577 and {d) 1.221 ml s.t.p.

TABLE 1

HEAT OF ADSORPTION FOR AMMONIA-TREATED SAMPLE

Method O, Qw, (cal) Op, (cal) Opy — Qi (cal)

Adsorption 0.497 —I0I0 — 1450 —440
Gas chromatography ©.3 ~ 1.0 -—~1030 —1580 —550
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the activated sample within the whole range of the observed hydrogen coverage.
This means that the ammonia adsorption exerts its effects not only by decreasing the
surface area available for hydrogen adsorption, but also by modifying the quality of
the adsorbent.

Gas chromatograms

Fig. 5 1llustrates the chromatograms of H,, HD and D, mixtures as a function
of Oxuy with helium as a carrier gas. As seen in Fig. 5(a) and Fig. 9, a sample pulse
was poorly retained by the column, when Gxgg was almost equal to 1. As ammonia
was removed, three peaks were developed, which were identified as p-H,, a mixture
of HD and 0-H, and D, by a comparison of the chromatograms with those of H, and
D, alone (see Fig. 6). At a low ammonia coverage {less than 0.3), a plateau appeared
between the p-H, and the o-H, peak. This was found to be due to a transient separa-
tion of p-H, produced by the catalytic conversion of o-H, over a paramagnetic im-
purity”* in the molecular sieve during the course of the elution.

Fig. 7 illustrates the chromatograms with hydrogen as carrier gas. Peaks of
HD and D, were quite symmetrical in shape. Partial separation of 0-D, and $-D,
was observed only for active columns.

Effect of sample size

Since bgy~bp, and pu,> P, in eqn. 8§, it may be expected that in practice
V5! does not depend on pp,, and hence does not depend on the sample size of D,.
In such a case, the peak will be almost symmetrical in shape as expected from the
theory of chromatography. On the other hand, V§° directly depends on pp,, as

o-Ha
(@)  @yy,=0.303
p-Hz
L—
L "l 1 1 1 1
0 800 1600 2400 3200 4000
Retention volume (mt)
(b)  Onw,=0.068
p-Hz o-Hp

-
L 1 1 1 ; 1
O 2400 4000 5600 7200 8400 10000

Retention volume (mt)

Fig. 6. Gas chromatograms of light hydrogen with helium carrier gas. Sample size: (a) 0.968 and
(b) 2.243 ml s.t.p. Column conditions: the same as in Fig. 5.

* Iron as an impurity was detected by X-ray fluorescence analysis.
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L
1 X 1 i 1 I
0 100 200 300 400 500
Retention volume (mi)
HD Dy

{c) ONHg=0.303

t 1 1 ] 1
7 300 400 500 600 700 800
Retention volume (mt)

(d) HD

ONH 3=0.068

L L 1 1 1 ']
0 's00 600 700 800 900 1000 1100
Retention volume (mt)

Fig. 7. Gas chromatograms of hydrogen isotopes with hydrogen carrier gas. Hydrogen flow rate:
100 mi/min. Sample size: (I) 0.149, (2) 0.238, (3) 0.492 and (4) 0.439 ml s.t.p. Other conditions:
the same as in Fig. 5.

indicated by eqn. 7. The peak will thus be unsymmetric in shape as in a usual case of
gas—-solid chromatography (GSC). These predictions were confirmed experiment-
ally at the column temperatures of —195° and —183°C. A typical example is shown
in Fig. 8. It should be emphasized in this figure that with hydrogen as carrier gas the
peaks are still symmetric in shape in spite of their baving much higher p; values than
peaks obtained with helium.

The relation between V,q and Ongs
From eqns. 7 and §, we obtain Vo,;, the adjusted retention volume of 7 at zero

sample size (i.6. p; = 0},
Vg,ei = konn,(1 — Onn,)MRTD; ‘ 9)
and

Vg,zi = Koy, (1 — eNﬂz)mRTbi/ (1 + by,Pu,) (10)
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Hence

ng/Vin =14+ szpHZ (II)

It will be thus expected that both Vi and Vi decrease linearly with the
increase of By g, under given column conditions. Furthermore, since dg,> 0 and pu, =
constant — T atm, eqn. T1 suggests.that V¢ is essentially bigger than V13, their ratio
being independent of the ammonia treatment, and that the Langmuir constant for

v ~—112mm Hg (0.737mi)

(a) He carrier gus

0.52mm Hg (0.335ml)

.24 mm Hg (0149 ml)

!

L
E

1 i 1 L
2000 2400 2800 3200 3600 4000
Retention volume (ml)

S
0]

(b) Hy carrier gas le—20.47mm Hg (1.266 mi)

6.71mm Hg (0.424 ml)

L

1 ! L 1 1 ! 1 Il

0 200 400 600
Retention volume (mi)

Fig. 8. Effect of sample size on the retention volume and the peak shape. Column temperature:
— 195°C, Oxmj,: 0.540. Sample gas: D,.

hydrogen as carrier gas can be determined from the data on the retention volume. The
experimental results for D, at the column temperature of —195°C are shown in Fig. 9
and Table II. Vg,p, values were determined by a linear extrapolation illustrated in
Fig. 8. The linear relation between Vy,p, and Oyg; was strictly observed within a
0 nm; range between 0.3 and 1.0 and the calculated value of b5, was in good agreement
with that from the adsorption data, as seen in Table II.

T'he separation factor of hydrogen isotopes
One of the most important parameters associated with separation of materials
1s the separation factor, which is defined for two solutes ¢ and 4 as

a; = (cifc)[(ci[c%) = [f(p) ] pal/ [f(pj)/Pj] (12)

where s and g refer to the surface and the gas phase, respectively. Eqns. 2, 3, 9, 10 and
12 can be combined to give the separation factor at zero sample size

Ap,ij = Vg;/Vg,ej = Vg,?}/V](-)',Zj =bi/b; ={(T) # f(HNHJ) (13)
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That is to say, a,; is simply equal to the relative retention of 7 to j and it depends on
the column temperature, but not on the ammonia coverage. It should be specially
emphasized that «,; does not depend on the type of carrier gas used, which means
that the elution time can be shortened by use of an adsorptive carrier gas without
any detrimental effect on the relative retention, as long as the surface of the sepa-
ratory column is homogeneous with respect to the adsorption. The experimental results
for the D,~HD system confirmed this prediction within a 6y, range between 0.3 and
I.0, as shown in Fig. 1o. For the D,—p-H, system, however, the separation factor was
unexpectedly dependent on §wgs within its whole range. This was found to be due
to the catalytic conversion described previously.

12000 20
=)
I)O-
r o Q 910 ™~
_______ . - . 3:‘
I}O
~ 8000F do
£
& 5
2 B
40001 He carrier gas

C] NH3

Fig. 9. Relation between fxm,; and Vg, p, and also between Onm, and the ratio of V(Iff): to V(Iff)z-
Column temperature: — 195°C,

TABLE II

THE LANGMUIR CONSTANTS OF HYDROGEN ISOTOPES

Method BNHa bHZ (atm—l) sz (atm‘l)
—195°C —183°C —195°C —183°C
Adsorption 0.300 7.48 2.87 —_ 3.3I
0.497 7.14 2.87 11.35 2.61
Mean 7.31 2.87 11.35 2.96

Gas chromatography 0.3 ~ 1.0 7.32 2.50 — —
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Temperature dependence of retention volume
Differentiating eqn. g with respect to 1/T, we obtain,

dlnV§3/d(1/T) = —(Q: + RT)/R

Since p, ~ 1500 cal/mole and RT =~ 180 cal/mole at —195°C, we obtain an approxi-
mation to the Clausius-Clapeyron equation

din Vg5, /d(1/T) = —Qp,/R (14)
Similarly, from eqn. 10, we obtain
din¥5%,/d(1/T) = —(@p, — @u,) (R (15)

by assuming that Qp, — Qu,> RT and bg,pu.> 1.
Thus it can be safely stated that the temperature dependence of the retention
volume with helium carrier gas is essentially bigger than that with hydrogen carrier

ar

eNH:,!

Fig. 10, Relation between «, and Oxuz. O, helium carrier gas; O, hydrogen carrier gas. Column
temperature: —195°C.

gas, because (p, is always bigger than Qp, — Qm,. Experimental results showed
that when the column was cooled down from —183° to —195°C, the retention volume,
within a gy range between 0.3 and 1.0, increased 3.7 times for helium carrier gas,
but only 1.4 times for hydrogen carrier gas. Approximate isosteric heat of adsorption,
estimated by eqns. 14 and 15, was in good agreement with that obtained from the
adsorption data, as seen in Table 1.

Rusults in low Ong, vegion

The chromatographic behavior in the region of fxg,; less than 0.3 is consider-
ably different from that described before, as seen in Figs. g and 10: in the case of
helium carrier gas, the retention volume depends markedly on fxg; and on sample
size (cf. Figs. 5(d) and 6(b)) and the separation factor at zero sample size is not con-
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stant. Furthermore, there is bad tailing of peaks in the chromatogram. These experi-
mental facts cannot be explained by the present theory. That is to say, the surface
is strongly heterogeneous with respect to the adsorption. This conclusion is consistent
with that from the adsorption experiment. In the case of hydrogen carrier gas, how-
ever, the characteristics of the chromatograms do not deviate so much from the
theoretical predictions. All these facts suggest that hydrogen carrier gas itself blocks
adsorption sites which are too strong and thus unsuitable for the elution chromato-
graphy. This is another important effect ot hydrogen carrier gas for the present system.
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DWTHELRTVE. ZDX HIKELF v ) ¥ —

SRR ELDTHES 2L 0 TH Y, FRWIC LIk
BRI E OSTCRRA S SRR R E Vs, Lo
SEEENSY T 5 54 b o Ty, FHEEEIE

FEMOE 5T EBREER L CHEGTFBRET 0L

FLTVDLS, I DITHBNENEPsLETHH . &

B HIF Lo
COKEZF v VY —LWRBEL B2, WEETY VY
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(Do) DI ET AR Ilm! BEZEAT S, BuEf-

S THEBIFH Lis v, LA LE+ ) ¥ — 4 225KkE
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BE# J 4 : Chromosorb P AW-3% Y 88, 30/60 # » < =,
H5 A, 2.6mx1.8mmg; B35 AEE:170°C; =4
=4 R KIS 42 mi/min

DT X LDWHEY 4 FPRESELT AL BT, BXh
Fo B IR WIEGE Y 1 FOXE G2 S 5F LEK
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e bS5 T 4 —~ OB ST B N TELS.
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AEATHEE, 100 oy 2% Tml 10X Tkl
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DRIREERE TR s 02 b 557 « —RER LflilT
ERECSITHEZHTE L. 20WARES0 s A,
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ORERBEHRTATEHDF+ I P -FTATELHD. *
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GC-MS (&5 1ppb F—H—DIE{L XA FILKBORE
—EREKCEBIAVE:
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g Bk

(1972 % 10 B 31 HE)

1 f#

THEHELR S5 En T v SRR O 4 FovkER
(MMC) oREk & LT, BEChE Btk
LDADBEONR ¥ FRCRERE LI-0b, FAse= |k
77 7 ThHEEUE RS (BCD) Tl LTy,
FORBREETEPDLE LD, A A ISk D
V=2 2HETHHERE AL TWS. L LA
LEMOFEPHESCRIETEERREVOT, WED
BAERPLETH B LELIN A v~ M5 T EER
BESWE (GOC-MS) X 5REEEHRF L. L
LEAD GC-MS i k3 MMC o #HRER 13~ =
ARy POV T PPm, BAAL TSI AL L HTT
ETEE PP Thh, 72+ 21T 0.1~1pph okl
DWVTE 5000 fELL RIRFET AR S S, Linl, M
ﬁvazf/mMﬁMZMﬁitm%FW%éﬁr%

|

MMC o RIRRE 0 o y BRED S\ TEUEHESE
EETLITITE a:ﬁt,c - 7z
2 IEE R X OEHE
GC-MS EFE T E#E-LKB 9000 #Th 5. GC B -

A AELTRW V2FLyvdrf4a—Ayron
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YUF¥—HAE~YV Y ATEDORES 30mi/min & L .
MS o4+ ViR 270°C, £ 4 vi{bEE 70eV,
A YMEEE 3.59kV, 7o TERIET 60 A XL
oo AFVEHEIZY 5 FIEW 0.35mm, = v x—
Vo bR 0.15mm, WEEHEEMIE M/ LT,
0~400, =22~z b BIEREREE S 0, 8k
UV dovursrsova—&—%HE, TL+.5—k.%
V=& —iE%E 190°C L L7, ch 2Rz ECD %
BESE 2375 GC &FE > LT B 3AE WA v, &
faATE D MMC EEFHEELENEZ kD . # 5 A
2 GC-MS 0 LAUTHFx U Y —FARH BEHFRZ, +
Ofe#EE 60ml/min &1L, # 7 &JEER 160°C &L
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* LB TR R : dnimE LT
TR AE 41-2

FERRGERE 1ml ORE % 20 pl FCI0BET 5 -
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LEHP B bom DL L BEHFASN—F —CHELT,
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FOHE HUYWoT, Iml 2 W0pl 0brric2kg
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ZHiC 100V, 750W o g2 RG% L% T BT E IR & 215 T
FBEIRNEL T2

MMC @Z=FEf{b¥8% 100ppm < v 2 v BRI
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27°C LT o foioide, EILEENE 30~339 XX g
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«/ﬂ/@méﬂuowrmﬁrﬁﬁ B B A P DA R
WS EE AR E S EZITEMESTH Lk ve
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R Iml 2 RERBNESR i & D JED 700 &
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ﬁb?%(?ﬁfzbrMTEHi%%)zﬁgﬁf
VREINEED 0 Wi S AR Tilsip o 7e. & BITZESEIRYE
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7o RN H AR EE 12em, B X 20cm O
MONE PO A EE L O 24 2 v & - DA
BVE DD CEVE AR Lin. FREBEE IR &
O EZE 2 THRET L, A OEREC R TS IRREE &
BEEERINE L. FOFEE Fig. L wrd. #HIELS
VIR DE S DL P, ZREI RS 4 [HofEHD T
Wrskd b b Fig. 1 o X 5w BRE 2 BRI oM
R VIEREAS TR D 2. Fig l WAL X 31T, &
SRS AN ENT T IRIER Y 48 < R B 05 /:‘i'iﬂ?ﬁ’ EAN
Vv DI Eo#ERE 25 BXF 50 ppb i
W*ﬁ%é.ﬁﬁfﬁﬁﬁﬁm&mﬁﬁﬁﬁ& gL

<

TIRRRERY 70°C £2°C & L. R LR
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Fig. 1 Concentration efficiency of the present

evaporation method

Initial sample volume and concentration : 1 mi, 2.5

ppb; Final sample volume: 20 ul; & 76°C £2°C;
A 72°C+2°C; O 63.5°Ck2°C; [ 67°C2°C;
X 62°C+2°C; A 58°C 1200, Big marks in the

figure refer to the mean values

3.3 ML EREOG B
FEE e AT R B LB e O R %4 Table
T’y ks oy 175 £, ZZERT 35 5, &
550045 D EEAMG Hivia. L THEHT X LIRS
3.2 [Tk 39 5D 35 Rl LD, AR
IR 31 HEKO 2D EERE 0.9 ml40.05m!
DAy VAR LRSI 0 2 7e DT D
Table I Concentration of CH,;HgCl by a com-
bined method of solvent extraction with

evaporation
Concentration of GH43HgCl Concentration

degree
Initialt (pph) TFinaltt (ppb) (times)
0.1 520 5200
0.1 560 5600
0.1 590 5900
0.5 3750 5500
0.5 2800 5600
0.5 2630 5300
Mean 5500

t Aqueous solution of 500 mé; T DBenzene solution of 20 g

3.4 GO-MS [CEBZEE

1 ppb AW 3-3 OHEC I DIBFE L7 20 pf
DFE D 5 pl B GC-MS ik LT 414 4 v K
XD MMC oSa<w b7 azkdX s & L,
M ROBETED D I — 7 ORI CE d - 1.
For 1000 ppm DR Y2 BEE EALT, H 5
U MMC v — 7 iE% M DH7iz0bh, (“’%TEEIH"%“‘
HEALTE— 7B~ 2227 bvd 3~4 [alfE
e L. J%QEH%OJPN3@?W4TﬁMﬂDﬁWF
ERMTHS Hgt o~ (T EONGRRFHRE —~ 2
DR EIRS) LRI hn w93, 0.5 ppb CYIMA
D x 57 Hgy =7 0i@sbdric MMC 43
CH,HgCl+ 2 HgCl+ kX8 CHyHgY OE 735 5

v =8B b, lppb TRIh LA g B3 RT
W x ol —R ULTREER TS 2 &R
TE. AT =00 Mfe 252 ¥ —5wD
W77 Ay N7 ARRETEZ LD 0.1ppb

OFFHC DV TEH MMC 2T 52 EBTE .

4+ % 5

=il

HEEC R 25000 £, HECE Ty 5500 f5X b ik
X EIRETE 22% Th o755 lppb 0 MMC
KR T & R T T &k b, GG
MS TLOFLEERMIEATE L BECRHETE .
OFPC X D AGREMEC X SEMET b Y O AT
SoERTE R RE 2ppb BEO MMC 2374 L
TWhH L EFRRER LIz

(1972 £ 1 A, KAEELBMRERSITEVCHE)

X [

1) ™ kME JEASEEZ : AEE, 17, 1247 (1968).

2) FEREA : B4 EEE 2 HAENENEST
£ 2 b, p. 18 (BREMEMNE LY 2 —).

pAY

Identification of methylmercury chloride at
the level of 1 ppb by gas chromatography-mass
spectrometry; Concentration of benzene sample
solution by evaporation. Sumio Omnxosar, Tomiki
Tarauasur and Toshio SaTo (Government Indusirial
Development Laboratory, Hokkaido, 41-2, Higashi-
Tsukisamu, Toyohira-ku, Sapporo-shi, Hokkaido)

A method of final confirmation of methylmercury
chloride (MMQ) in waste water at the level of 1 ppb
has been established by a combination of the con-
centration technique and the gas chromatography-
mass spectrometry (GG-MS).

First, MMC in water sample of 500 m{ was con-
centrated about 175 times to benzene phase of 1m/
according to a solvent extraction method developed by
Nishi. Further concentration was, however, required
for the present purpose, because of the still lower
sensitivity of the modern GC-MS apparatus.



Various concentration techniques were examined,
but the following evaporation method was found to
be practical for the purpecse: 1mf of the benzene
sample solution was taken in a stoppered test tube
of 9mm i.d.X8cm tapered at the position of 6 cm
from the top to 1.5mm i.d. and evaporated at 70°C
for 3 hours by blowing the tube with air from a hot
air blower.

This enables us to prepare a benzene solution of

(65)

20 gl containing MMC conecentrated more than 5000
times and identify MMOG at the level of 1 and 0.1 ppb
by the mass spectrometry and the fragmentgraphy
in GC-MS, respectively.

(Received Oect. 31, 1972)

(rifibe, 22, p.593~595(1973))
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The X-Ray Emission Spectra of the Compounds of Third-period Elements. I.

The K Spectra of Chlorine in Compounds

Yoshihito TAKAHASHI
Government Industrial Development Laboratory, Hokkaido, Higashi-Tsukisamu, Sapporo
(Received March 15, 1970)

‘On chlorine gas and several oxysalts of chlorine, the values of the wavelength shift of ClKe;, , lines and the
spectra of C1KJp lines were measured. We thus verified our assumption that the K’ line results from the bias of
valence electrons from the atom of the third-period element to the oxygen atom in the oxyanion; this can be

* explained in terms of the relationship between the chemical structure and the C1Kf spectrum of the hypochlorite

« lon.

The relationship between the relative intensity of the Kf” line and the wavelength shift of the Koy o lines

was linear, just as in the cases of oxygen-sulfur compounds.

In previous papers, we reported our studies of the
wavelength shifts of SKe,,, lines and the shapes of the
SKB band spectra in many sulfur compounds.*—® It
was found that a linear relation exists between the
relative intensity of the SKp’ satellite line and the
wavelength shift of the SKey,, lines in the spectra of
oxygen-sulfur compounds. We think that this rela-
tionship offers a key for the assignment of the Kf’
satellite line, which we have not yet been able to decide
clearly. Therefore, in order to ascertain the generality
of this relationship, we intend to extend our investiga-
tion to other elements of the third-period. In this
paper, we will report on the K§ spectra of several
chlorine compounds, particularly on the character of
the Kf' line.

Recently, Best investigated the CLKg spectra of some
oxysalts of chlorine.¥ Schnell measured the CIKfS
spectra on several chlorine compounds.”? TLaVilla and
Deslattes measured the Kf spectra on some gaseous
chlorine compounds.® On hypochlorite and chlorine
gas, though, the K spectra have not yet been examined.

Experimental

The apparatus was the same as thal described in previous
papers.t? A Machlett Wolfram. target X-ray tube OEG-50
was operated at 40kV, 40 mA. A flat, germanium analyz-
ing crystal (2d: 6.53272 A) was used. The helium path was
maintained using a flow of 1.5 [/min at ordinary pressure.
For the measurement of the spectrum of chlorine gas, a
gas-sample cell was used.?

The wavelengihs of the Ko 5 lines were measured as fol-
lows: the X-ray intensities were counted for a minute at inter-
vals of 1°(20); then, after drawing the spectral curve, the
position of the line was decided as the maximum intensity
position (the average of triplicates). In actual measurement,
the wavelength shifts from the ClKe, , lines of sodium chloride
were measured. The absolute wavelength value of the ClKe; o
lines of sodium chloride was decided by comparison with the

1) T. Sato, Y. Takahashi, and K. Yabe, This Bulletin, 40, 298
(1967). ‘

2) Y. Takahashi, K. Yabe, and T. Sato, ibid.,, 42, 2707 (1969).

3) Y. Takahashi and K. Yabe, ibid., 42, 3064 (1969).

4) P. E. Best, J. Chem. Phys., 49, 2797 (1968).

5) E. Schnell, Monatsh. Chem., 93, 1383 (1962).

6) R. E. LaVilla and R. D. Deslattes, J. Chem. Phys., 45, 3446
(1966).

7) The details of the gas-sample cell will be given by T. Sato
et al., in another paper.

third-order line (4.62150 A) for CuKe,. The spectrum of the
Kp lines was obtained as follows: the X-ray intensities were
measured of a minute at intervals of 3/(28), and then, after
the substraction of the background (X-ray intensity at 4.54
A), these intensities were plotted against the wavelength.
Each spectrum was made on the same scale at the maximum
intensity.

The separation of the Kf spectrum into several peaks was
done as follows: 1) assuming that the Kf spectrum of sodium
chloride can be taken as the standard shape of the G peak
in Fig. 1, 2) to separate the C peak from each spectrum,
this curve was superposed on the highest peak of each spec-
trum; 3) the A and D peaks were separated by the subtrac-
tion of C peak from the original spectrum. By the way, Best
had reported in his paper the presence of a K satellite line at
the short-wavelength side of the Kf, line in the spectrum of
sodium chloride,* but we could not separate them. There-
fore, the present method might have a chance of mistakes
in the separation of the D peak from the spectrum, but
for the A peak (KA’ line) there can be no mistake.

A solution sample of sodium hypochlorite was prepared as
follows: 1) to eliminate impurities (mainly chloride), a mix-
ture of some higher bleaching powder and a small amount
of cooled water was slowly stirred for ten or more minutes,
and subsequently filtered. 2} The precipitate was dispersed
into water and then, after about 30 min, filtered. 3) The
filtrate was converted into a solution. of sodium salt. The
sample prepared by this method contained 0.80m hypo-
chlorite and 0.09n chloride (impurity). After X-ray irradia-
tion for two hours, the sample lost 5 percent of the hypo-
chlorite and the equivalent amount of chloride was increased.

Results

In Fig. la—{, we show the CIKf spectra of the
element and five compounds. The shapes of the
spectra are similar to those of sulfur compounds which
show a corresponding chemical structure, 7. e., chloride
to inorganic sulfide, chlorate to sulfite, and perchlorate
to sulfate, respectively. The characteristic values of
the ClKey,, lines and CIKS lines of the element and five
compounds are listed in Table 1. In order to compare
these data with the data of sulfur compounds, the
directly-measured values of the energy shift in the Ke,,,
lines of sodium chloride were converted to those of the
element (Cl, gas). The intensity ratio of the Kf’ line
is defined as the ratio of the area of the Kg’ line (the
A peak in Fig. 1) to the total area of the K lines in the
spectrum. A linear relationship exists between the



(68)

Tasrs 1.

Intensity

Energy (eV)
2820 2800 2780
T

LA +—:‘:| RELELC T G e PO
4.38 4.40 4.42 444 446

Wavelength (&)

Energy (eV)
2800

2820 2780
T T T —

Intensity

(f)

1 I I | R et .t
4.38 4.40 442 4.44 446

Wavelength (A)

Fig. 1. a—f. KJf spectra of chlorine in compounds.

THE CHARACTERISTIC VALUES ABOUT

THE ClKz; 5 anD CIKf TINES

Kg
Koy, C lmtensity Rati
—— Intensity Ratio
rA) aRevy M T
A C D
NaCl 4.72949 —0.22 4.4015 0.00 1.00 0.00
Cl, 909 =+0.00 4.4005
NaOQGl 909 ==0.00 4.4005 0.01 0.98 0.01
NaClO, 872 +0.22 4.4000 0.09 0.86 0.05
NaClO, 753 +0.87 4.3983 0.23 0.71 0.06
NaClO, 660 +1.38 4.3955 0.37 0.63 0.00
Error +0.07 +0.02 +0.02
04 b
3 03F uncertainty T
2
= NaClCs
£ o2t .
g
kS
OLF  NaClO:0 1
NaCl
oL L
0 0.5 1.0 1.5
Energy shift of Ke,,, lines (x) (eV)
Fig. 2. Relationship between the intensity ratio and the

energy shift of Kew,s lines about chlorine compounds.

= 0.25x + 0.02

a: sodium perchlorate, b: sodium chlorate, ¢: sodium chlorite, d: sodium hypochlorite,
e: chlorine gas, f: sodium chloride.

A Kf line, G: Kf, line.

intensity ratio of the Kp’ line and the energy shift of
the Key,, lines,® as is shown in Fig. 2.

Discussion
On the intensity ratio of the ClKg' line of the per-
chlorate, our value (sodium salt) is 0.37, but Best’s

(potassium salt) is 0.225,% in terms. of the present
definition. Under X-ray irradiation, potassium per-

0.55 T T T T T T T T T

0.45

0.40

Peak height intensity ratio (LylIg)

0.35 L 1 ] L] 1 L L 1
0 20 40 60 80 100
Time (min} .
Fig. 3. Variation of the intensity ratio (Kf'|Kf;) about
perchlorates.
@ NaClO, O KCO,

8) The energy shift of the Ke,,, lines relates to the effective
charges of the chlorine atom in a compound,®11

9) E. Clementi, Table of Atemic Functions, Suppl. to IBM J.
Research and Development, No. 1 (1965).

10 W. S. Urusof, Dokl. Akad. Nauk SSSR, 166, 660 (1966).

11) 'W. L Nefedow, Phys. Siatus Sofidi, 2, 904 (1962).



chlorate was decomposed to chloride,*® and so its K§’
ratio was rapidly lowered, as is shown in Fig, 3. More-
over, his sample was placed in a vacuum; this might.
have caused the more rapid decomposition in his
measurements. We adopted only the value of sodium
salt.

In the previous paper,® we reported that the relative
intensity of the Kp’ line increased as the number of the
valence electrons of the sulfur atom decreased. There-
fore, we now presume that the Kf' line occurs as a result
of the bias of valence electrons from the atom of the
third-period element to the oxygen atom in the oxy-
anion. In the ClKf spectrum of a hypochlorite solu-
tion, the Kf’ line is little observed; nevertheless, the
oxygen atom is present in its molecule (see Fig. 1d).
This result is explainable on the basis of the chemical
structure of the hypochlorite ion (Cl-O~) and our
presumption relating to the occurrence of the Kp’ line.
That is, in this oxyanion, 1) the chlorine atom i3 com-
bined with a oxygen atom by a single bond. The
electron-inductive effect of the oxygen atom in a single
bond is less than that of the oxygen atom in a double
bond, and 2) the difference in the electronegativity
between the oxygen atom (3.5) and the chlorine atom
(3.0} is small. Moreover, the force of the electron
attraction of the oxygen atom becomes weakened as a
result of the acceptance of electrons from the sodium
atom to the oxygen atom. Therefore, the valence
electrons of the chlorine atom will be little attracted by
the oxygen atom (indeed, the energy shift of ClKuy,,
lines of this sample was small, if present at all). Conse-
quently, from the above presumption, it may be con-
cluded that the Kg’ line occurs to only a small extent
in the spectrum of hypochlorite. The above explana-
tion serves to verify the assumption relating to the
occurrence of the KB’ line.

For further discussion, we show the relationship be-
tween the relative intensity of the Kf* line and the
energy shift of the Ka,,, lines for chlorine compounds in
Fig. 2, and that for sulfur compounds,® in Fig. 4. To
our surprise, the two relationships are expressed by the

12) We detected the presence of a little chloride in the X-ray
irradiated sample which had discolored to a yellow-brown upon
titration with silver nitrate.

0.4 T T T T
J . .»/
—~ 03F R 1z N
2 uncertainty . 2
[]
g Vs
; 0.2 °4 4
z i
E
o1f A .
0 ‘) ? ' 1
0 0.5 1.0 15

eV
Energy shift of Ke;,, lines (x)

Fig. 4. Reclationship between the intensity ratio and the
energy shift of Ku;,, lines about sulfur compounds,
@ : sulfate or sulfone (O: sulfite or sulfoxide
v =0.25x + 0.02

same straight line. From the fact that the straight
line runs near the point of origin, there might be no
other dominant factor which contributes to the occur-
rence of the Kf’ line other than the energy shift of the
Koy, lines, namely, the effective charges of the atom.
From the equality of the gradient of the two lines, we
cannot but think that the gradient of the line is deter-
mined by neither the sulfur atom nor the chlorine atom,
but only by the oxygen atom, in oxygen-compounds.
Nefedow claimed in his paper that, on the compound
of the third-period element having second-period- ele-
ments, the Xf’ line was related to the electron transition
from the molecular orbital to the 1s state of the third-
period element, that this molecular orbital could vir-
tually be regarded as the 25 orbital of the second-period
element.®® Our results seem to be consistent with his
deduction.

The author wishes to thank Mr. K. Yabe for his
considerable assistance and Dr. T. Sato and Mr. T.
Takahashi for lending me the gas sample cell.

13) W. L Nefedow, Zh. Struk. Khim., 8, 686, 1037 (1967).

the Bulletin of the Chemical
Society of Japan, 44, pp. 587 ~589 (1971)
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The K Spectra of Phosphorus in Compounds
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(Received February 5, 1971)

On sixteen compounds of phosphorus, the wavelength shifis of the Koy , lines and the fine structures of the
KB band of the phosphorus emission spectra were measured. For the oxygen compounds, the relationship be-
tween the intensity ratio of the K line and the energy shift of the Ko, » lines was found to be expressed by a straight

line similar to that found for sulfur and chlorine compounds.

In the spectra of the oxyacids and their salts, the

intensity ratio of the satellite line which is observed between the Kf; and KB’ lines is proportional to the number
of the hydroxyl groups in a molecule. The appearance of this line seems to be attributable to the covalent bond

between a third-period atom and a non-ionized atom:.

In the Kf spectrum of triphenyl phosphite, the strong

satellite line at the highest energy site seems to have a nature similar 1o those lound in sulfite, chlorate, and phos-

phorus trichloride.

Previously, we have studied the nature of the satellite
line Kp' which is observed on the longer-wavelength
side of the K3, line of sulfur and chlorine in many kinds
of oxygen compounds, and have found that the relation-
ship between the ratio of the integral intensity of the K§".
line to the total intensity of the K§ line (we call it the
intensity ratio of the Kp’ line) and the energy shift of
Kuy,, lines (it relates to the effective charges of the atom
in a molecule®®) can be expressed by straight line
similar to those for the oxygen compounds of both
sulfur and chlorine. From these facts, it has been sug-
gested that the appearance of the K’ line is due to the
transfer of valence electrons from the third-period atom
to the bonded oxygen atoms in the molecule, and that
its intensity is related to the nature of the ligand atorns
rather than to the kind of third-period atom.®

In order to check the general truth of these facts as
regards all the third-period elements, the PKf spectra
of various phosphorus compounds have been measured.
Although the data on the PKay,, lines have been already
reported by Yao and Holst,¥) and more recently by

Nikolaev ¢t al., new measuremenis are now made for
several compounds.

Experimental

The spectra were measured on the same apparatus as that
descrived in a previous work.Y A flat germanium analyzing
crystal ((111) plane, 2d: 6.53272 A) was also used. The wave-
length values of the PKuw, , lines on each compound were
measured, using the fourth-order reflection of the CuKey line

C. A. Coulson and C. Zauli, Mol. Phys., 6, 525 (1963).

W. S. Urusov, Doki. Akad. Nauk SSSR, 166, 660 (1966).

Y. Takahashi and K. Yabe, This Bulletin, 42, 3064 (1969),

Y. Takahashi, ibid., 44, 587 (1971).

T, C. Yao and J. J. Holst, Spestrochim. Acta, 23B, 19 (1967}.
6) A. V. Nikolaev, L. N. Mazalov, A, P. Sadovskii, V. V.

Murachtanov, E. A. Gal’tsova, T. I. Gujavina, and N. 1. Yakovleva,

Dokl, Akad. Nauk SSSR, 189, 784 (1969).

(corresponding to 6.16200 A) as the standard; they were
then converted to the value of the energy shift from the
value of red phosphorus. The spectra of PKf werc obtained
using the step-by-siep method as in the previous work. How-
ever, in the case of phosphorus trichloride, in order to avoid
the oxydation of the material during the measurements,
the spectrum was obtained by the chart-recording method
{one running time was 12 min), and the average of the three
runs was taken. The background was measured at the
5.90 A position. The separation ol the Kf spectrum into
several component peaks was attempted, taking the PKB,
peak of anhydrous sodium phosphate as the standard shape.

Results and Discussion

The PKf spectra measured are shown in Fig. 1. We
named the component peaks as is shown in Fig. 1, i.e.,
A(Kp"), B, C(Kp,), C', and D, counting from the longer-

wavelength side.  The structure of the spectrum of red
phosphorus was so complicated that the separation into

\component peaks was not attempted for this substance.
The characteristic values of the Ke,,, and Kf lines for
cach compound are summarized in Table 1.

The relationship between the Kf' intensity ratio and
the energy shift of the Kuy,o lines found in the oxygen
compounds and chlorides of phosphorus (mark O and
A, respectively) is shown in Fig. 2. Although the
points for the oxygen compounds are scattered in some
extent, it may be concluded that they lie on a straight
line similar to that found in the oxygen compounds of
sulfur and chlorine. To speak more exactly, the points
for the oxysalts ol phosphorus drop on the upper side
of the line, while those for the molecular oxygen com-
pounds (phosphorus pentoxide P,Oj, triphenyl phos-
phate {¢0),PO, etc.) lie on the lower side. The points
for phosphorus pentachloride and phosphorus trichlo-
ride deviate much from the line (mark A). It might
be presumed that the latter points lie on another line,
having a larger gradient. From this fact, it seems that



Tasre |, CHARACTERISTIC VALUES OF THE Koty o AND Kf LINES MEASURED
FOR VARIOUS COMPOUNDS OF PHOSPHORUS

Koty KB, A(A) Intensity ratio (%)
AA)  AE(EV) A C D A B o c D
Py(red) 6.15837 5.7940
Na,PO, 5595 0.79 5.8370 5.7990 0.26 0.74
Na,HPO, 5605 0.76 8365 7985 0.26 0.08 0.66
NaH,PO, 5592 0.80 8380 7985 0.25 0.14 0.57 0.04
H,PO, 5595 0.79 8380 7990 0.2+ 0.27 0.3% 0.15
Na,P,0, 5595 0.79 8365 7980 0.28 0.08 (.62 0.02
(NaPO,), 5585 0.82 8375 7990 0.24 0.17 (.38 0.21
(P,0;), 5585 0.82 8380 8050 0.21 0.13 0.33 0.33
{(p0O), PO 5624 6.70 8400 8095 5.781 0.18 0.13 0.3% 0.30 0.05
PCi; 5655 0.59 8195 7955 781  .0.25 0.10 0.61 0.04
Na,HPO, 5637 0.66 8375 7995 0.22 G.06 0.68 0.04
H,PO, 5650 0.59 8395 8010 ‘ 0.20 0.14 0.49 0.17
(O),P 5672 0.54 8430 8090 786' 0.10 0.10 0.21 0.30 .29
PCI, 5710 0.41 8205 7970 785 0.16 0.04 0.61 0.19
NaH,PO, 5690 0.48 8930 8000 0.18 0.08 0.68 0.06
H,PO, 5701 0.45 8400 8005 0.11 (0.16 0.57 0.13
B’1\0.03
Error (20) +0.07  40.0010 +0.0010 +0.02  £0.63 +0.05 +0.03 +0.03
Encrgy, eV Encrgy, eV
2140 2130 2120 I zly-io. 21]30 | 2120
a
¢ Py {red)
/
/ “\\ J
' M— eV — b
2
5
5

Wavelength A

Fig. 1-A,

PKf spectra,
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Fig. 1-B. PKf spectra,
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Energy shift of Ko, lines (x)

Fig. 2. The relationship between the intensity ration of Kf’
line and the energy shift of Ko, , lines.

O: oxygen-compound of phosphorus (PKf), (1) Na,PO,, (2)
Na, HPO;, (3) NaH,PO,, (4) (PaOs)a (5) (¢O},PO, (6)
(#0)sP

A+ chloride of phosphorus (PKS), (7) PCl;, (8) PCl,.

@ oxygen-compound of sulfur (SKj)

A : oxygen-compound of chlorine (CIKR)

: regression line relating to the oxygen-compounds of
sulfur and chlorine, y=0.25 x 4+-0.02,
————: anticipated line relating to the compounds of chlorine
ligand.

the gradient of the line in the Tig. 2 is related not io
the kind of third-period atom in the molecule, but to
the kind of ligand atom.

In the KB spectra of the oxygen compounds of sullur
and chlorine, and in those of the oxysalts of phosphorus,
the encrgy difference between A and C was measured
0 be about 14 ¢V. However, in the case of the molec-
ular oxygen compounds of phosphorus (PyOg, ($0)5-
PO, etc.), the energy difference between A and G is
about 12 ¢V, and there is a strong C' peak separated
about 5 eV from the C peak on the higher-energy side.
On the other hand, in the K spectra of the chlorides
of phosphorus‘, the energy differece between A and G
was about 8.5 eV. The difference in thesc two cases
may be compared with the difference in the gradients
of the two lines in Fig. 2.

As in the case of the sulfur compounds, in which the
B peak is observed in the Kf spectrum of such molec-
ular compounds as dimethyl sulfone and the N,N-de-
Hivative of sulfoneamide,® the B peak is also observed
in the molecular compounds of phosphorus, such as
phosphorus pentoxide, triphenyl phosphate, and phos-
phorus pentachloride. In addition, in the oxysalts and
oxyacids of phosphorus, the intensity of the B peak is
proportional to the murnber of hydroxyl groups in the
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T'ig..3. The relationship between the intensity ratio of B peak
and the number of hydroxyl groups in the oxyacids and their
salts.

(O phosphoric acid (sodium salt)

/\: phosphorous acid (sodium salt)

@ : hypophosphorous acid (sodium salt)
We supposed that hypophosphorous acid was monobasic,
in this Figure. We did not adupt the B’ peak, but adupted
only the B peak on the intensity ratio of hypophosphorous
acid.

molecule.”?  In the spectrum of anhydrous sodium phos-
phate, which does not have a hydroxyl group, the B
peak is, as expected, not observed. This relationship
is shown in Tig. 3. Considering the position of the
points for phosphite and hypophosphite in the figure,
it scems that the P-H hond of these compounds slightly

affects the appearance ol the B peak. The appearance
of the B peak seems to be attributable to the covalent
bond between a third-period atom and a non-ionized
atom, such as P-OH, P-OC, and P-OP. On sodium
pyrophosphate, [FO,P-O-PO,~]-4Nat, which involves
only one such covalent bond per phosphorus atom,
the B peak intensity ratio is close to the value in

7) To make the matter clearer, the chemical structures of
these oxyacides are shown below:

,OH LOH ,OH SOH
O=P-OH O=P-OH O=P-H — P-OH
“OH ~H “H ~H
phosphoric acid, phosphorous acid, hypophosphorous acid,
(tribasic) (dibasic) {monobasic)

in which dibasic inorganic hypophosphites are not present.®
8) “Mellor’s Comprehensive Treatise on Inorganic and The-
oretical Chemistry,” Vol. VIII, (1962), p. 873.
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disodium hydrogenphosphate, and while on sodium
metaphosphate, *02P<8:£8:_>O-3Na+, which has two
such covalent bonds per phosphorus atom, the ratio
is close to the value in sodium dihydrogenphosphate.
Further, on phosphorus pentoxide (dimer), in which
there are one and a half such covalent bonds per phos-
phorus atom, the value of the ratio is conformable to
the number of the covalent bond (see Table I).

The D peak, as has been mentioned in a previous
work, was markedly observed in the SKf spectra of
sulfite and sulfoxides and in the C1K8 spectrum of chlo-
rate3)  As for the phosphorus compounds, a re-
markable D peak is also observed in the spectrum of
phosphorus trichloride. Generally, it seems that the
remarkable D peak is observed in the Kf§ spectrum of
the compound in which the third-period atom has one
lone pair, such as SO;7, ClO;~, SFy,% and PCl,. The
phosphorus atom of triphenyl phosphite (¢O);P also
has one lone pair, so the appearance of the remark-
able D peak in the spectrum can be anticipated. The
D peak in the Kf spectrum measured (Fig. lm) seems
1o correspond to the D peak of the sulfite or the phos-
phorus trichloride in view of the position and the inten-
sity of the peak. That is, the peak appears in nearly
the same position as the D peak of the phosphorus
trichloride, and the peak separation between A and
D in the spectrum of Fig. 1m, about 21 eV, corresponds
1o that between A and D for the sulfite, 21 eV, and
to that for the chlorate, 20 €V. The intensity ratios
of the D peak to the total Kp line in these compounds
(0.29, 0.19, and 0.14 for triphenyl phosphite, phosphorus
trichloride, and sodium sulfite, respectively) are larger
than in other compounds.

The C' peak is observed in the spectra of phesphorus
pentoxide, triphenyl phosphate, and triphenyl phos-
phite. This peak can be distinguished from the D
peak as a result of the difference in the position of
the C' peak (5.790—5.800 A) from that of the D peak
(5.783-—5.787 A). For example, in the spectrum of
tripheny! phosphite, both D and C peaks are observed,
and they can be distinguished, as is shown in Fig. lm.

9) In the SKf spectrum of sulfur tetrafluoride, the’ intensity
ratio of the D peak is 0.13, the peak scparation between the I
and C peaks is 7.2 eV, and that between the G and A peaks is
18.5 V.10

10) Y. Takahashi, (unpublished data).

the Bulletin of the Chem_ical
Society of Japan, 45, pp. 4 —7 (1972)
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Data on the Kf specira for several compounds of silicon, aluminuni, and sulfur arc shown. The intensity
of the Kp’ line is aflected not by the kinds of thrid-period atoms, but by tiwir charges and by the kinds of ligand
atoms. The degree of the contribution of cach bonding group to the relative imtensity of the A line and io the
chemical shift of the K, lines are shown; they have additivity in the molecule. Therefore, the chemical shift
of the Ku, , lines can be estimated from the molecular structural formula; the charge of the atom can also be esti-

mated.

Concerning some compounds of sulfur,® chlorine,®
and phosphorus,® the fine structures of the Kf spectra
have been investigated with relation 1o the chemical
bonds. On these oxygen-included compounds, a satel-
lite line, Kf' line, is obscrved in the spectrum; the
relative intensity of the satellite line'is related to the
energy shift of the Koy , lines. In addition, it has been
reported that the Kg' line is also observed in the spectra
of compounds of third-period elements in which electro-
negative clements other than oxygen, such as fluorine,
chlorine, and nitrogen, are included as ligands.5-®
In order to check the character of the Kf’ line and
other satellite lines in detail, in this paper the charac-
teristics of the XK spectra of several compounds of
silicon and aluminum, and also these of a few fluoro-
compounds of sulfur and phosphorus, will be discussed.

Many reports have been published on the spectra
of the compounds of silicon and aluminum ;87211
these reliable reports shall be referred to in this paper
as much as necessary. However, in order to compare
the band-width and the chemical shift of the line, some
easily measurable data were measured anew, con-
sistently with some of the new data, such as those on
tetracthylorthosilicate, silicon tetrachloride, aluminium
propoxide, sulfur tetrafluoride, by means of our own
apparatus.

. Experimental

The delails of the measurement apparatus and the con-
ditions were presented in previous papers.»® Analyzing crys-
tals were used: EDDT (020) for the measurements of the Si
and Al K spectra, germanium (111) for the P X spectra, and
sodium chloride (200} for the S K spectra. In the measure-

*  Our papers first named “An X-Ray Emission Spectroscopic
Investigation of ithe Chemical Bond of Sullur I~III"’*~% have been
renamed Parts ITT~-V of this series.

1) T. Sato, Y. Takahashi, and K. Yabe, This Bulletin, 40, 298
(1967). ,

2) Y. Takahashi, K. Yabe, and 1. Sato, ibid., 42, 2707 (19G9).

3) Y. Takahashi and K. Yabe, ¢hid., 42, 3064 (1909).

4) Y. Takahashi, ibid., 44, 587 (1971).

5) Y. Takahashi, ibid., 45, 4 (1972).

ments of gaseous samples, the samples were made to flow
through 2 cell at a steady pressure. The gas-sample cell is
a stainless-steel vessel with Mylar film window 25 mm x 30 mm,
and 25 mm in depth.

The separation of the Kf specirum into component peaks
was done in a manner similar to that described in previous
paper,®~% adopting the P Kf, line of anhydrous sodium phos-
phate® as the standard shape of the component peak. Pre-
viously, we adopted the S K, line of anhydrous sodium sulfide
as the standard shape in peak separation for the S Kf specira.®
However, concerning the peak separation for two sulfur
fluoro-compounds, we could find little difference hetween the
results of the two methods.

Results and Discussion

Stlicon Compounds. The Si K spectra of the
compounds which were measured are shown in Fig. 1.
The characteristic values on the Ko, , and the Kg lines
for each compound are listed in Table 1. The chemical
shifts of the K, lines were determined with silicon
metal as the standard material.

The energy differences between the Kg; line (C peak)
and the Kf' line (A peak) are about 14 eV for oxy-
compounds, 19eV for sodium hexafluorosilicate, and
8.6 eV [or silicon tetrachloride.

The Si Kf spectrum of silicon dioxide consists of
two main peaks; the K, (C) and the K§ (A). The
Kp; line is about 1.4 times wider than those of the
spectra of sodium hexafluorosilicate and silicon tetra-
chloride. It seems that the spectrum contains a satel-
lite line which is like the C’ peak in the P KB spectra
of molecular phosphorus compounds.?

6y K. Ohno, Bunseki Kagaku, 20, 308 (1971).

7y D. I, Lawrcnce and D. S. Urch, Specrtochim. Acta, 25B, 305
(1970).

8) W. L. Baun and D. W. Fisclier, ibid., 21, 1471 (19G5).

9) C. G. Dodd and G. L. Glen, J. 4ppl. Phys., 39, 5377 (1968).

10) E. W. White and G. V. Gibbs, Amer. Mineralogist, 52, 985
(1967).

11) 8. Maruno and S. Fujii, Jap. J. dppl. Phys., 9, 1428 (1970).

12) Landolt-Bérnstein, “Zahlenwerte und Funktionen,” 6 Aufl,
I/4 (1952), S. 859.
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TapLe . CHEMIGAL surrt oF THE Ko, 5 LINES
AND GHARAGTERISTIC VALUES OF THE Kf§
SPECTRUM OF SILICON COMPOUNDS
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Fig. la. Silicon KB spectra of some silicon compounds
A: Kf' line, C: Kj line.
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Fig. 1b. Silicon Kf spectra of some silicon compounds
A: Kf" line, C: Kp, line.

The G peak in the spectrum of silicon monoxide!®
seems to consist of two component peaks. White said
that the component peak on the short-wavelength side
was the K, line, which was attributable to the zero
valent silicon atom, and that the other was the Kg,
line of the plus-4 valent silicon atom.™)

Tetraethylorthosilicate (Si(OEt),) and sodium meta-
silicate (Na,SiO;) are molecules which have tetra-
hedral structures,'® and their silicon atoms do not have

13)  99.99; it was produced by Nakarai Chemicals, Ltd.

14)  E. W. White, Seiid State Commun., 2, 151 (1964).

[5) The structure of Si(OEL), was determined by analogy with
that of Si(OMe),.1®

Kp
Compound Chc?xll’iial Peak(f\c}iiﬁon iiii‘;vle
shift (cV) Y
A G A ¢
SiO, 0.72 1818.4 1832.4 1835.6 0.18 0.1l
Si0 0.40 18.1 31.8 36.2 0.12 0.40
Si(OFt), 0.68 17.9 31.8 35.6 0.16 0.19
Na,Si0O, 0.66 18.4 32.6 35.6 0.16 0.16
AL(SIOy,  0.75  18.4  23.!  35.4 0.18 0.17
Na,SiF, 1.05  13.6  32.6 0.19
SiCl, 0.66 26.8 35.4 0.18
¢ 0.06 0.3 0.3 0.02 0.03
SiC 0.22% 0.19
a) Rel. 12,

b) The value was estimated from the spectrum of Ref. 15.

any lone pairs. Consequently, it is inferred that, in
these spectra, the satellite peak which is so-called D
peak doces not appear.'™ In their specira, the energy
difference between the shorter-wavelength peak and
the Kf, line {C) is about 4 €V. This value is close to
the energy difference between the g, line (C) and the
C’ peak in the P K spectrum of phosphorus pentoxide,
5eV. On the other hand, the difference between the
Kp, line and the D peak is about 7 eV in the spectra

TasLe 2. CHEMICAL SHIFT OF THE Kery,» LINES
AND CHA RACTERISTIG VALUES OF THE Kf§
SPECTRUM OF ALUMINUM COMPQUNDS

KB
follz —
Chemical Peak .

Compound shift position (eV) Relat{ve

(eV) tensily

A C A

AlLO, 0.41 1536 1553 0.11
Al(OPr), 0.57 1537 1553 0.14
AlF, 0.64 1530 1550 0.12
AlF, (dry) 0.57 1532 1551 0.11
g 0.07 0.5 0.5 0.03
NajzAlF, 0.52%r 1531 1532w (.12%
AIN 0.292 0.09"
Al C, 0.13%2 0.16%
a) Ref. 12.
b) Ref. 7.

¢) The value was estimated from the spectrum of Rel. 7.
d) The value was estimated {rom the spectrum of Ref. 6.

16) R. Kiriyama and H. Kiriyama, “Kozo-Mukikagaku, 11,”
{1966G), p. 213,

17)  The D peak appears in the & spectrum of a compound in
which the central atom has a lone pair, such as sulfite, sulfur tetra-
fluoride, and phosphorus trichloride.®
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Tig. 2. Aluminum Kf spectra of some aluminum compounds
A: Kf' line, C: KB, line.

of sulfite, chlorite, and sulfur tetrafluoride. Hence, the
shortest-wavelength peak may he the C’ peak.

Aluminum  Compounds. The measured Al Kf
spectra are shown in Fig. 2. The data on the Ko, ,
lines and the KB lines of each compound are listed in
Table 2. The standard material for the Ke, ,-line
shifts is aluminium metal.

In the spectra of aluminum oxide and aluminum
propoxide, the top of the K, line splits into two peaks,
so one may guess that the G’ peak exists in the spectrum.
Concerning the spectrum of aluminum oxide, a theory
has been advanced attributing the shorter-wavelength
peak to the transition of the m-electron, and the longer
one, to the c-electron.®) The differences between these
peaks and the Kf' line (A) are 16 and 14.5 ¢V respec-
tively.

The Al Kp spectrum of aluminum fluoride, the
specimen of which was not dried enough (however,
it was confirmed to be anhydride by X-ray diffraction},
is different from that of the dried specimen and from
that which was measured in the vacuum. In the
former spectrum, a puff which seems fo be the ¢
peak is observed, but it is absent in the latter.

Sulfur and Phosphorus Compounds. The measured
S Kp spectra of sulfur hexafluoride, sulfur tetrafluoride,
and sulfur dioxide in a gascous state arc shown in
Fig. 3. The energy differences between the K§, (C)
and the KA’ {(A) lines are 18.5, 17.8, and 15.5 eV for
SFg SF,, and SO, respectively. 'The D peak is ob-
served in the spectra of SF, and SO, 'The charac-
teristic values of the Ke; , and the Kf lines for these
sulfur compounds and potassium hexafluorophosphatc
(KPF,), are listed in Table 3. As the standard matce-
rials for the line shift, rhombic sulfur and red phos-
phorus were chosen.

The Kf' Line in All the Measured Spectra. The
values of the energy difference between the Kf; and
the Kf' lines in the oxy-compound are spread from

2470 2460 2450 2440 eV
T [\ T T T T
K%A eV 50:
Z L
v ¥
£
g
=]
-
1
J \' 17.9eV -
PR
oot ol Tretesae,
5.010 5050 5100 A
Wavelength
Fig. 8. Sullur Kf spectra of some sullur compounds

A Kf' line,

TasLe 3.

C: Kf, line.

CHEMICAL SHIFT OF THE Koty ; LINES AND
CHARACTERISTIC VALUES OF THE Kf§ SPECTRUM OF
SOMT SULFUR AND PHOSPHORUS COMPOUNDS

Koy Kp
Com- Chem-
ound ical Peak position (eV) Relative iniensity
P shift ——— ——
{eV) A C D A C D
SI,  1.59 2449.2 2467.1 0.25 0.75
SF, 0.94 2447.3 2465.8 2473.6 0.15 0.72 0.13
SO, 0.65 2451.1 2466.5 2470.7 0.16 0.79 0.05
KPF, 0.87 2120 2138Y 0.2, 0.8;»
a 0.04 0.5 0.4 1.0 0.02 0.02 0.03
a) Ref. 7.
b) The value was estimated from the spectrum of Ref. 7.

13.6 to 15.6 eV. Particularly, those of oxy-anions, such
as ClO,~, ClO;~, SO, and PO, are less than
14 eV, while in many cases of molecular compounds,
such as sulfone, sulloxide, and SO,, they are more than
14 eV.35 On the other hand, in the cases of Huoro-
compounds and chlorine-compounds (which have chlo-
rine atoms as ligands), the values are 17.9~21 V7
and about 8.5 ¢V9 respectively,  According to Ohno’s
report, in which several Al Kf spectra arc given,
the valucs arc cstimated to be about 12 eV for nitride
and 8eV for carbite. In the Si Kf spectrum, the
value of carbite is 9 eV!® (Table 4). Consequenily,
the energy difference between the Kf; and the Kp’
lines actually differs according to the kind of ligand
atom.

The rclationship between the relative intensity of the
Kp’ line (the ratio of the integral intensity of the A
peak to that of the total of the Kf lines) and the chemical
shift of the Ko, , lines for each compound is shown in
Tig. 4. In this figurc, our results and thosc ol some

18} G. Wiech, “Soft X-Ray Band Spectra,” ed. by D. J. Fabian,
Academic Press, London and New York (1968), p. 59.
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Tanre 4. ENERGY DIFFERENCE BETWEEN Kf; AND K’ LINTS Tapre 5. CONTRIBUTION OF AN ATOM BONDED WITH A
= SULFUR ATOM TO THE RELATIVE INTENSITY OF

Compound  ALxs, - xe Compound  AExs, s’ S Kf’ LINE AND THE GHEMICAL
1\:aGlO¢ 13.6eV SF, 17.9eV surT OF S Koy, LINES
Mg}ga iig f{FﬁF igf 20 0.10 (0.88¢V] -G ~0.00 (0.00cV)
NaClO, $ o -0 0.05(0.19 ) €1 0.03 {0.12 )
Na,SO,4 4.0 Na,Sil' 19.0 N 0.07 (0.26 ) -F 0.04 {0.26 )
PhSO,H  14.2 AlF, 19 N 0.04 (0.16 ) lone pair —0.02(—0.08 )
0 a)
((I(:]l;[)))zssgz ii; NajAlly 21 ( ): value for the contribution to the chemical shift of
3/29%2 . Ky o lines
Na,S0, 14.2 PCl, 8.5 -
(CH,),80 15.6 Py, 8.5 he proposes that, in MO,-type oxy-anions of third-
S0, 15.4 SiCl, 8.6 period elements, the K§' line is substantially due to
Na,PO, 13.9 the electronic transition from the O, state to the M,
Na,HHPO,  13.9 AIN 12w state.
NaH,PO,  14.2 0 o
. dy ] E HE : L 2
Nag5i0; 14.2 AlLC, 8 oF Cl Kff’ LINE AND THE GHEMICAL
a) Ref 7. surFT oF Cl Koty 5 LINES

b) The value was estimated from the spectrum of Ref. 6.

¢) The value was estimated from the spectrum of Ref. 15. =0 0.12 (0.46 eV)
-0 ~0.00 (0.00 )
lone pair —0.02 (—0.08 )
. T T G
Uncertainty , 2 { ): value for the contribution to the chemical shift of Cl
(20} Oxygen ] / Koy s lines
la Tigand N '
< 03t TasLE 7. CONTRIBUTION OF AN ATOM BONDED WITH A
= PHOSPHORUS ATOM TO THE RELATIVE INTENSITY
iﬁ; Chlorine oF P Kfi” LINE AND THE CHEMICAL
g igand smrT OF P Kogy 5 LINES
= ; Q =0 0.14 (0.40¢V) -1 0.05 (0.12 V)
il 02r g ; -0 0.04 (0.13 ) “H ~0.00 (0.00 )
; & O% ay { ): value for the contribution to the chemical shift of
% , O/A/ - Koty p lines
= ! /5'0 ¢ . . TABLE 8. COMPARISON OF THE ESTIMATED VALUE WITH
o O1F o) 1‘1[1(_)1‘111(: i
£ @ s ligand THE OBSERVED VALUE ON THE RELATIVE
- / INTENSITY OF S Kf’ LINE
= Rel. int. of Kf’
Compound —_—
. . , Estd Obsd®
CRY 1.0 L5 Na,SO, 0.30 0.30
Chemical shift of Ke, , lines {EtO),80, 0.30 0.30
Fig. 4. Reclalionship between the relative intensity of Kf H,NSO,H 0.29 0.29
line and the chemical shift of Kay,, lines PhSO;H 0.25 0.26
©: Chlorine compound, A\, A Sulfur compound, O, @, (»: (CH,;),SO, 0.20 0.20
Phosphorus compound, [], W [: Silicon compound, SF, 0.94 0.95
&, 4 Aluminum compound. Cl
white point: Oxygen ligand compound, black point: Fluo- ESIC’)ZSO cl 8'26 0.27
rine ligand compound, half-black point: Chlorine ligand $-EtPhSO, 23 0.24
compound. PhSO,NH, 0.24 0.24
[7): SiC, &: ALC,, & AIN. PhSO,NHBu 0.24 0.24
$-FtPhSO,NEt, 0.24 0.21
other researchers are collecled.  Two points arc clear; NaySO;q 0.18 0.20
the measured points make a lincar relation for each (Et0),80 0.18 .18
ligand element, and these linear relations are almost HOCH,SO,Na 0.13m 0.16
independent of the kind of central atom in the mole- PhSO,Na 0.20% 0.18
cule. It has become clearer, therefore, than in the (CH,),50 0.08 0.09
results presented in a previous paper® that the intensity SF, 0.14 0.15
of the Kf' line is affected not by the kinds of central CLSO 0.14 0.15
atonis, but by their charges, and by the kinds of ligand S50, 0.18 0.16
atoms, This deduction as to thc effects of ligand PhNSO 0.13 0.17

elements is consistent with Nefedow’s theory,™) in which

19)  W. L. Nefedow, Zh. Strukt. Kkim., 8, 686, 1037 (1967).

a) from Rel. 3.
b) The value was estimated as a thionyl compound.
c¢) The value was estimated as a sulfonyl compound.
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TaBLE 9, COMPARISON OF THE ESTIMATED VALUE
WITH THE OBSERVED VALUE ON THE
CHEMICAL SHIFT OF Ku; » LINES

Chemical shift (eV)

Compound —_————
Estd Ohbsd
Na,S0, 1.14 1.15%
(Et0),S0, 1.14 1.16%
H,NSO,H 1.11 1.04%
PhSO,H 0.95 0.96%
PhSO,NH, 0.92 0.93»
PhSO,NHBu 0.92 0.95%
4-Et-PhSO,NEt,  0.92 0.95%
C1,50, 1.00 0.99%
p-Et-PhSO,C1 ~ 0.88 0.85"
(CH,),S0, 0.76 0.75"
SF, 1.56 1.59%
Na,SO, 0.68 0.74%
NaHSO, 0.68 0.65
(EtO),S0 0.68 0.61%
CL,SO 0.54 0.65%
(CH,),S0O 0.30 0.332
PhNSO 0.56 0.46"
SO, 0.68 0.65%
SF, 0.96 0.94%
HOCH,SO,Na 0.49% 0.49%
PhSO,Na 0.76% 0.70®
Na,PO, 0.79 0.79"
Na,HPO, 0.79 0.76%
NaH,PO, 0.79 0.80%
H,PO, 0.79 0.79%
(P,Oy)s 0.79 0.82m
(PhO),PO 0.79 0.70»
PCl, 0.60 0.59»
POCI, 0.76 0.58"
Na,HPO, 0.66 0.66Y
H,PO, 0.66 0.59
(PhO),P 0.39 0.54®
PCl, 0.36 0.41»
NaH,PO, 0.53 0.48™
H,PO, 0.53 0.45"
NaClO, 1.38 1.38®
NaClO, 0.84 0.87
NaClO, 0.30 0.22®

a) from Ref. 2.

h) from Ref. 4 or 5.

¢ ) The value was estimated as a thionyl compound.
d) The value was estimated as a sulfonyl compound.

The degree of the contribution of each bonding group
which is linked to the sulfur atom to the relative inten-
sity of the 8 K’ line is shown in Table 5. The effects
of these groups have additivity in each molecule. For
example, in diethyl sulfate ((EtO),80,), the sulfur
atom is linked by two double-bonded oxygen atoms
and two single-bohded oxygen atoms, so the relative
intensity of the Kf’ line is estimated to be 0.30 (2X
0.10+2x0.05); in benzenesulfonamide (PhSO,NH,),
the sulfur atom is linked by two double-bonded oxygen
atoms, one nitrogen atom (amino group), and one
carbon atom (phenyl group), so the value is estimated

to be 0.24 (2 x 0.10+Q.04+-0.00), and in sulfur dioxide,
the sulfur atom ha two double-bonds and one lone
pair, so the value is 0.18 (2x0.10—0.02). These
estimated values are in fair agreement with the ob-
served values, 0.30, 0.24, and 0.16 respectively, in the
stated order. This rule is almost consistent in all
measured sulfur compounds (see Table 8). Similar
relations are obtained in chlorine and phosphorus
compounds (Tables 6 and 7). For example, assuming
that phosphate, phosphite, and hypophosphite are tri-,
di-, and mono-basic salts respectively, their estimated
relative intensities in the P Kp’ lines are 0.26, 0.22,
and 0.18. These values coincide with the observed
values. However, in regard to the phosphorus com-
plex compounds, this rule is not entirely consistent.
Estimation of the Chemical Shift of Koy 5 Lines.
Considering the relationship shown in Fig. 4, the con-
tribution of the bonding group to the relative intensity
of the Kf' line can be converted to the effect of the
group on the chemical shift of K« , lines. The con-
verted value is shown in parentheses in Tables 5, 6,
and 7. Some comparisons with the observed values
of the estimated values of the chemical shift of the
Koy, lines for molecules based on these converted
values are shown in Table 9. Except for the atoms
directly bonded to the sulfur atom, the next honded
atom may also be attributed to the chemical shift;
however, its extent may not be very large, as is seen
in the examples of benzenesulfonamide derivatives.
The lone pair, as well as the bonding group, affects
the screening ol elecirons [or the atomic nuclear charges;
hence, the chemical shift is influenced by the existence
of the lone pair. If the contribution of the lone pair
to the chemical shift is not taken, the coincidence of
the estimated value with the observed value in the
compound which has some lone pairs will become worse.
In so far as the eflective charges of an atom (not the
total charges of an atom) are concerned, the effect
of the lone pair should be separated from the charges
of the atom. The results of Table 9 show that the
chemical shift of the S Koy, lines, which relates to the
charges of the sullur atom,1:29 can be estimated from
the molecular structural formula, without any measure-
ment of the wavelength of the Ku; 5 lines. Therefore,
we can temporarily estimate the charges of the atom
in a molecule from the molecular structural formula.
Concerning sulfinate, two chemical structures are
given; R-SO,-Na and R-SO-ONa.2) The com-
parison in Table 9 shows that benzenesulfinate may
have the former structure (sulfonyl), while hydroxy-
methansulfinate may have the latter structure (thionyl).

The author wishes to thank Dr. Katsumi Ohno
(National Institute for Metals), Dr. Toshio Sato,
Mr. Katsumasa Yabe, and Mr. Tomiki Takahashi
for their kind assistance,

20) G. A. Coulson and C. Zauli, Mol. Phys., 6, 525 (1963); F. A.
Gianturco and C. A. Coulson, Mol. Phys., 14, 223 (1968).
21) 8. Oae and N. Kunieda, Kagaku, 20, 581 {1965).

the Bulletin of the Chemical
Soclety of Japan, 46, pp. 2039 — 2044 (1973)
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Polarography of Unsaturated Ketosteroids™

NarEo SHvgikr*® and TosHio Nampara®®

Govermnent Industrial Development Laboratory, Hokkaido’®) and
Pharmaceutical Instifuic, Tolhoku Uiniversity3)

(Received April 13, 1970)

Polarographic reduction of androsten-3-ones, androsten-7-ones, and pregnen-20-ones was
carried out in aqueous dimethylformamide solution and the relationship between the
half—wave potential and the nature of the conjugated ketone system, i.e., the position of
the carbonyl group and the number of the double bond, was examined (Tables I, ITI,
and IV)., In ecach series, the more the conjugated double bond was elongated, the easier
was the reduction of unsaturated ketone. The result of controled-potential electrolysis
with some unsaturated ketosteroids revealed the electron-number that participated in the
polarographic reduction (Table II).

FRATRAFDE~5 82757 4 —CBT5MEIZSE L 56Tt Girard BEERAM & 2 THEILIE
De K7V VvEEELR LMY ER LHERBEL Y FOBERByr b AT e L F ey b AFEA
F300 af-ANEEF o b AF m A N @O TR A St E A B BAVILEN, EET b v RITEROITE
FCEATIGhI TR, CRbD 5 b a, R Ty b A7 w4 FicB§ LT Adkins 550 2342 UsH T chol-
estenone DAPWRESL (Eyy) wWE L CLRETORENLL NS, BEMEOMT, Ey DL 0BG
WTRWTR S TR E S T 0D Lo Zuman 500 (XL OBITEO pH KIFIEL SR
L, Kabasakalian $%%-b L3P0 af-FEFs b AT 85 4 Vi &l D55, Ey, LG OMEE, Foi
ZHR LSRR LHME L T3, FIE e BRI BE LI 0 LW, 7 2 CAREE LI AT e
1 FOSPHEERREO—ZRE LT, BB -EESYE > androsten-3-one ¥, androsten-7-cne fH, pregnen-

1) % 37 % : T. Nambara, T. Iwata, S. Honma, J. Chromatog., 50, 400 (1970).

2) AAZEFERE 8O FLTHRSE, BHHE, 1969 4 4 7.

3) Location: a) 41-2 Higashi—Tsukisamu, Sapporo; b) Aobayama, Sendai.

4) M. Brezina, P. Zuman, “Die Polarographie In Der Medizin, Biochemie Und Pharmazie,” Akademische
Verlagsgesellschaft Geest & Portig K.-G., Leipzig, 1956, pp. 399—113.

5) a) P. Kabasakalian, J. McGlotten, Anal. Chem., 31, 1091 (1939); &) . Kabasalalian, J. McGlotten,
Anal. Chem., 34, 1440 (1962); ¢) A. Cohen, Awnal. Chem., 35, 128 (1463); 4) A.F. Krivis, G.T. Supp,
Anal. Chem., 35, 1411 {1963).

6) a) H. Adkins, F.W. Cox, J. Am. Chem. Soc., 60, 1151 (1938); ) J. Eisenbrand, L. Picher, Z. physiol.
Chem., 260, 83 (1939); ¢) J.K. Woife, E.B. Hershberg, L.F. Fieser, J. Biol. Chem., 136, 653 (1940); )
P. Ekwall, T. Lundsten, L. S6blom, Acta Chem. Scand., 5, 1383 (1951); ¢} G. Sartori, E. Bianchi, Gers.
Clim. lial., 74, 8 (1944); f) P. Zuman, J. Tenygel, L Brezina, Chem. Listy, 47, 1152 (1953); g) I,
Zuman, J. Tenygel, M. Brezina, Collection Crech. Chem, Commun., 19, 46 (1954); 1) T. H. Stoudt, W.J.
McAleer, J.M. Chemerda, M.A. Kozlowski, R.F. Hirschmann, V. Marlatt, R. Miller, Arch. Biockem.
Biophys., 59, 304 (1955); 4) P. Kabasakalian, J. McGlotten, 7. 4m. Chem. Sec., 78, 5032 (1936); 1)
P. Kabasakalian, S, DeLorenzo, J. McGlotten, Anal. Chem., 28, 1669 (1957); %) P. Wabasakalian,
J. MeGlotten, J. Elestrochesn. Soc., 105, 261 (1958); 7; L. Smith, M. Halwer, J. Adn. Pharm. Assoc.,
Sci. Ed., 48, 348 (1959).
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o0-one FA L DB, Thbo#~5 e 27 7EIPHG L, (L3S (s v K=o E, KR
DEE) L Eyy Y OBBEREE L. AR (UV) 22z bk B » B3 LAOXSa i T
AR UBRLL0L, =T r 27 7T ENATREEEERS 0, SPLFENTHE U CERRS S2UL
T Lz,

ERELbLUILER

1. Androstene-3,17-dione #f, Androstene-7,17-dione ¥IDKR—F N5 T 7 4 —

1) BEREAOHE W ThotdBbERRR—F eI 2%R8 L =X Z 20 TRERORS () &
W OBMG, WETRIIEHEE (D) oF82BR L. BHE V7 ISEFL, 26—40° b2 MRS
25° DERBHIEK L 2% MHETH -7 (Table I) & & SREABUHOITIFER 4SS hic. 203 5 IN X
HORBERIETR LA, ChXEED LR E & QKB FEENRE o Y BRENRL LicicdTh b,
SELPEERECERTL EEXLNS. L USRS L OBIEERIITMTcH ), 2oRLS B oBEhc e
Fi b, ZEEHO 1y Bic D OTHEEEERLN 0.05 pU LITT, AWK EELLNRD.

TasLe 1. Polarographic Properties of Androsten-3-ones and -7-ones

¢} 0 0 0 0
Compounds Q@ ﬁéﬁ ﬁgﬁ Q@
4 8 o7 g 0
C o H 1 B I v v
—FEp, V us. S.C.E. 1.73s 1. 630 1. 605 1. 54 1.37
14 (iafc- m33-£09) 1.00 0.97 0.96 1.00 0.95
1T v 0.02 0.05 0.05 0.02 0.03
Temp. depend.®, % -deg.”t 2.3 1.8 2.1 2.0 1.9
i [T, h=T79.8cm 0. 430 0. 417 0.383 0. 447 0. 420
: 69.8 0.431 0. 410 0.395 0. 146 0.417
59.8 0.427 0. 410 0. 404 0. 458 0.415
2E0ED y 211 230 230 241 284
0 OH C‘) 0 0
-CH,4
Compounds
HO 0 (8} O
9 1 VII VIII X o X
—Eym, Vus. S.CE. 1.310 1. 660 1.32; 1.75s 1. 465 0.81e 1. 485
Ta (igfc-m2 £1/8) 0.79  0.68 0.95 1.04 0.95 1.66  0.30
PRy 0.05 0,01 0.05 0.03 0. 03 0.18  0.02
Temp. depend® ,%,-deg.”t 2.2 1.8 2.1 2.6 —1L1 1.9 2.1
i T, B =T9.8cm 0.336 0.376 0.376 0. 423 0.364 0.125
69. 8 0.349 0.370 0.374 0.417 0.578 0.115
59.8 0.338 0.384 0.361 0.411 0.571 0.101
Amor® oy 293 298 239 279 253

conditions: 2.5—4.0 mM sample, 50°;, DMF, 0.1y LiCl, 0,01% gelating, 25°
@) with respect to the 25° value
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2) ZPAFAKRLLTEE (DMF) REOR 50% DMF g v e n Eyy & Table L iimL
#=. 1, 1L, 101, 1V, VIII £ X100 IX TR b #HETH 1 L8RS hitsses, VIE 2 BizrL
LV, VIT LA 2 Bl A2 A0 L TRIERD S, B2 WRETERNSSNEFHE O HE 2D
T F D Eyy RHERETL LR TER b, FETohbOHE—F v 75 7 JEEERCE KI5 DME
FEDBBEAME L. 1fE LT VI oF—~5n 27 5% Fig. 1 CTEa L7z, I DME RESMTVES
BAME Ay 1 3k 258 2 S oo iEas 101 ORI S B = EavionD. DMF BERZ L 5 EEOZE LI B MO RER

F-,L

-y, il
6.0uA / ; 2nd wave
// // 1/////</// < 16
w
3.0 — ;
J )ﬂﬂ = 114%15& wave
—-09% —09 —09 —09 —09 —09  '—14 18 i =
10% 20% 50% 60% 70% 80%DMF VysSCE. &= 190
IFig. 1. Polarcgrams of Androsta-1,4,6-triene-3,- !
17-dione at Various DMF Concentration L0
conditions: 3.3 mu sample, 0.1y LiCl, 0.019 gelatine ) 20 40 60 807

Concentration (v/v) of DMF
HRIZ X D EDEELEN SRS, Fig. 113 VI 0 2 TFig. 2. [fcet of DMF Concentration on Half—

P DMF JjE 509, LI FCREMEER - & #R1LT Wave Potential of Androsta-1,4,6-tricn-3-
WA, VID o Ch B R L e st VI L[ U2 ones o

T L, & 2 Fur DMF 34 40% DA CcHlERRE <CH,

&in%. DMF REEE Eyp DEIREZZHELTAD LE, —————l

B I2E&REOHINC Lich o THBIC # » 7= (Fig. 2).
TOEMO 10s UTERKGIE T » P aif§E LT
B rlpEs bhA, I I I IV, VIIT 3 X o IX 4 0

Ak 2 BIh 52 D O SEREOM IR VWA &R

H1RDH LORAS D - b D LIRS RS, L ]

D LIS XAXCRD L3RR L ¥BER L, DMF 0

R UCEE LI &8 2 WooWm 2 b3 2 2 B0 M IE S h RIS IRE—-ETES T, &
BREO RIS & LRI Z 7,

3) EBLEE X & Kabasakalian$® 3 hydrocortisone, prednisolone 7g & At~ AL:3-47 F A7 m o F
DFER-Fe 57 ~wHRHL, TRSORICERELHE LT3, ToEREIhIEEAT= 1 FOR
—Se 7770 OEREIOHCFENALNRD. T o CERRICOBRA BT, IV, VL VII k&
O X oW CERBMERYRA . X i 50% DMF &4 2 FoEEBMMeBMRE LCaEFEL T, IV,
VI X0 VIL i3 Eyy EFXEHEOTHELE OGNS 50% DMF Awiig | HoEEERSOEMTOL
FRCEMLES. Shbo3 b VI iz DMF s 10% X3iud Fig. 1 WRT & % 08 2 WOEREHER
FLELN, COBEMCET B BESTTEL 5. SR Table IT 1RT X 5108 1| WoE BERSTE
fRL7-BAIT n=1, £ 2 WOBAWIT #=2 3B LN, &K DMF iz BIF AR EF» b AT e 4 FORITE
11 BT BB THLEERIRe. T X OXITBWES 2 BT HENS L.

2. Pregnen-20-one ¥FOHR—S5 A5 777 4 —

JMIE W fi L7z pregnen-20-one ¥Eit3 € 3-acetoxy {5, 50% DMF #iED 7 80% DMF rhrjliE
L7z, #iRo X 5w DMF JBEN UicpeeWiHo CFhaEER&Hbh5. 2z Ey, 1 50% DMF o
BAEI W XLBEBEMCE VTFEONHEMCESSEE, 1% 1.8V I 1ADLORERAEETS .
XIX, XXIV Gl HEoT B amb B 75 v o % L0 WL RDER Lics, BEONALE

Al



TasLe IT.  Controlled-Potential Electroiysis of Some Unsaturated Ketosteroids

, ] DMI Sample E; 2
Compd. 9 (viv) mg Vus.S.C.E. Coulomb " Tavr.

a) 50 2.88 —1.6 2.80 1.83

0
I 1,84
o< 50 4.19 1.6 1.05 1.84
0
50 5.23 1.7 1.33 0.78
/ 0. 87
& v 50 5.23 1.7 1.69 0.95
0
50 4,52 —~1.5 1.65 1.07
101
. VI 50 4.26 —15 1.38 0.94

OH
<CH, 50 7.04 —15 1.70 0.75
0.74
50 3.93 —1.5 0.91 0.72
. VI
0
50 4.19 —1.7 2.35 1.75
1. 80
50 4.19 -1.7 2.44 1.84
bei X
0] 5
(ﬁ 10 3.25 —1.5 3.46 2.02
— » 1.88
A, C
o 10 3.25 ~15 2.97 1.73
O
c)
10 4.11 —1.7 2,70 1.92
o~ 1. 80
I)\) 10 4.11 —1.7 2.36 1,67
0] VI
E.: cathode potential : quantity of electricity —Ey/e (Vus. 8.C.E.): a) 1.46, b)1.26, ¢) 1.26, 1,55

BLT By BRI L0 T T & S, Thb RS Table TIT 12 —3E LTl F 7.

3. Eip &MEFEEEOREN

Table I W3 Z& SAEHMN 3- b AT v A FD Eypp 12 AN TABZ AL ALLS gy (B e 2 b 1,
LRRRIERT 212 S BET E e B, 3 CKke Kabasakalian® |3 corticoids RFNC 31T 4% ALY k2 F 2,
¥/ Cohen®d I 17a-oxa-p-homoandrostane-3,17-dione $HC 4%, ALY 7o b iC A% (& 3 T2 R LCERE
DIER%ERTE D, Wolfe 559 3 cholestenone @ A* k2% AL L HIBIL IS L EAD TS, ¥
A% R0 T 10 MBI O BEAER LA DI, 3 BOMCIE LRI H<CH,<CH,0H &
BLIeDRLICh - TR RRITH L2 HM A b5 (Table IV). ¥7- 11 fOWEEEERD 5 b B-KEEE
i Eyy BB, A A= BRBEBEMCBEIEES. IV )NV K UCETY 5 FHL o IV 237
RIEBTEDIDEELORS. Bbinkic UV 227 L2 T % & A% (i3 244 my, ALS 3 284 mu

7) L. Dorfman, Chem. Rev., 53, 47 (1953).



TasLe ITI. Half~Wave Potentials of Pregnen-20-ones (—FEy2, V vs. S.C.LE)

=0 ] =0 0 0 0
CHs CH, CHz
!

AcO ™ Acly AcO AcO i AcO )
XIX XX XXI XXII XXIIL
1830 1835 190*195 1660 1765 1680 1790
O Q
}
O I O v
1.83; 1.47,
T
AcO I.:Ib XXW
1.99— 1.9

conditions: 2,5—4.0 mum sample, 807, DM, 0.1x LiCl, 0.019; gelatine, 25°

TasLe IV. Half-Wave Potentials of Androsten-3-ones

OH OH 9 0
HO‘ !
Compounds H HE |
i o)
O Txn I

o X1 X1
-—El/g, Y vs, 5.C.E. 1. 760 1.745 1.73 1.735
Iq (igfc-m?E-it/%) 0.94 0.91 0.97 1.00
0 0 0]
HQ O~ ‘ HO
Compounds | i
p
O
0" ey XV o w9 xw
—E12, Vus. S.C.E. 1.745 1.700 1. 54q 1.560
I (iafc-m2*-14/%) 0.82 0.95 1.00 0.83
CH,0H CH,OH CH,0H CH,0H
0 o
HO =0H  Ou~Jlk:-0H HO\/\%)MOH ~-—OH
Compounds {
1 1 1
07 07 0] 0
— E1j reported® 1.51 1.46 1.33 1.30

conditions: 2.5—4.0 mm sample, 502, DAIF, 0.1 LiCl, 0.019; gelatine, 25°
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R R R AR D NV L VT © By WEERERNRZ LGOS FERCERERL Y.

T MRIZ DTS 3-4 PRI ARARRSAERE TS B ERETE LS. L LENoRERE L o IN
EN O By WIEET OERENALIE S ERRT RS W UR R T O WA LS A4 3 M B2 = L at )
Bpohd. Fhe X RELODTETIRLTLOL a-2r P o vinylogy & LTEBIR L 5. ok X1t
FERA-F = 27 7B R UTHEREV D, AR LSRR HET ST ETE .

Table JTT oif5 2 2 < 20-4 bMED LB oRBFIr F v R EFHEROEE L & L0 Ey B EMICBE
L, RCEKE C16-2 7 L BERAORTITERDLRE. XX & V OBELSEEAE L 5 20-4 M KIT
S- PG UTEIC I RS, Fc 16 i A FAENREA SRS &, WRETHELL, T o2 FitxEr
Cohen®® 23 Cl-A A EHO 13- MHMERICDWTRELAFEREL I COES LTS,

SDIERZERE AL SIS S TH B A7-6-5 4 F = LI o XXIV 2FE UL 6 BB
Mo b v Thn D &EE L THRT S QUL FBREEL .

Bie, MEWNLTERMs P AT rd FieonT By, MMEFHEE OB Y ERE L. —Ber  vEOESY
FLL T2 RS G AR IER T 513 S BBTHT 75 C LS b 7 » o, 7, A 1T
A LBy v bR - e 27 VTRV EE TS LS, FRALERUTESBAD B D LT
i, IER, BERRO—BE Loy H o VI

£ B OO

AEHLIUVHE MALCANE-HoNEShicbOoeRET N TEHL AT BREWOHEIC L st
%&Lm BRQRHOBRMEEFE LT DMF &L, BIRAS 2 r L IFEE L F0 £ 3 8 vr. Sk
BEBBEBCEE TS Y, FHBMES K, Na ik LCATH 2 LiCl oEssky @A Lax, NEEo
zﬁ‘ﬁ 2.5—4 my BB, 0.1m LiCl, 0.019% % v, 509
DMFE } Uk, S-acetoxy {RILMEREEE O » 809 DMF = (+) <T)
LT S.CE.

2. XEHLURETE ZEoadiraRgRa- e
777 1028w Huvi. KEW TEECEME Sk 500,
DMF HlEg@h KA om & 7=60.8cm L m=0.693
mg/sec, £=3.2sec (—1.3 Vus. S.CE) ©H -7z, WHEEIT AT

3
‘!—l

Izl
P

HodB|EEL, HExrz2@A L., JER N, ¥Ax 15
min JF U CHEFREYRE LB b fT kL, BEE 25 -

£0.1° L Li. §§ S

3. TEMUEMR B K VE3 #%, & 4 in Fig. 3 = oo !
ZRT LR OGS LG ES bR b 0BG L. B D) PRl I
ERTFEVIROBSEBEBNALIARETIEL, F5R27 4 A% — ' \ “"'“" ﬂ =
EETTIEEL S om ORFOREE B L.~ sample soln. I AN “1’
BE SRR A, BEE 26 ml 25 BH I h5E He ™

FEL, Ny #ABAD LD MBRE/TELRZ I 51U, b——3em —1

r%iﬁ?i %3_#0 CRET e eRpRELECERKTALL, Fig. 3. Controlled-Potential

=H =R (16 ml) Nzﬁx%ﬁmtmmamﬁfh%},g Flectrolysis Cell

FEMAR TS D L LR LIk, B IR L RN

g 2—4dml PREECMEIERCERLEF LT L7, COBEBEBMELRTRD By X9 200 mV
Brl, BLBETHEANLN TSV V7 o VEEEWR L UEMEN S HY e o & 2R Ui

E 2 Km%:%%)ﬁikﬁm%ﬂgéntmmﬁmi ERALLWEMBAT Todfrdte, HERK
HENSHEMER AUt ogiordL .

[ BESEMERE, 91, p. 6 ~11(1971) )
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Analytical Chemical Studies on Steroids. XLV." Polarographic
Behaviors of Androst-4-ene-3,6,17-trione®

Narigo SHinrik*® and TosHio NAMBARA®D

Govevnment Industvial Developinent Labovatory, Hokkaido®® and
Pharmaceutioal Imstitute, Tohokw Umniversitys?

(Received December 3, 1970)

Polarographic behaviors of androst-4-ene-3,6,17-trione (I} in aqueous dimethyllorm-
amide and acetonitrile containing 0.1 M LiCl as a supporting electrolyte were examined.
In 509, acetonitrile solution, I showed one reduction wave corresponding to two electrons
at-—0.75; V ws. S.C.E., whereas in 509, dimethylformamide solution, two reduction waves
appeared, involving two electrons in all at —0.81, and —1.48; V vs. S.C.E. In the case
of aqueous dimethylformamide, the total limiting current was constant and the height
ratio of the Ist wave to the 2nd was dependent on dimethylformamide concentration,
The controlled potential electrolysis of I in aqueous dimethylformamide resulted in the
formation of ba-androstane-3,6,17-tricne (IX). These results together with the ultra-
violet spectral data revealed that in dimethylformamide solution, I exists in the keto-enol
cquilibrated state, and the 1st and 2nd waves arc ascribable to the reduction of keto and
6-enol forms, respectively.

EWFEDIITHMY VAT e A FOR—Fr 257 4 — & LEREM (Ey) SESE 0BERRS T
T # SHEDOREM S = 2 ALY 23, FoE androsten-3-one D 5 % androst-4-ene-3,6,17-trione (1) @ &4 pi%

BigH—7 v 77 7REHERT bRl ol SECOBBYFFMCRE L, 451k ra7 3 ¥ (DMF)
T I A3 keto-enol DMK CTIFEST 2 2 &2 M5 I8 L, FRmmiEA o il L CRTEMY iR

<
DI LN TELOTCHETS

<l

HRELUICERE

1. DMF-XECHTBR-F0577 1 —

50% DMF 1 I pURTH—F = 75 7 DOMHE % androsta-1,4-diene-3,17-dione (II) 7500 ic androsta-4,
6-diene-3,17-dione (I1I) #&E e L€ Table I @hnidie., ChbDA—5 2 275 A FRAEE TH -7
2%, 10, 1L o#1 (Ez@ Eys BFRER —154y, —137, V ThHDEH L, 113 —1.48, V olEme —0.81,

V L EHhOTHEMICREIGH Y/ L. BELROWEITEE L OBR: bOCBIERRY v ST chd =
&#M%Lk.ﬁlﬁ,Qﬁ@%ﬁ?fEﬁ(hﬁwﬁﬂﬂlL%(mo**@,L@WMIIHiUIHQ%
1D Ie © 2 F Y Lic. FREBAM ’EEH EHENT I OF L FoBETCElETAETE ) ik X F 1T
HADWSL, TOE 1, 2HOBET :i:»sctfc faﬁoi Ttk 1T, 11X ,JJ: 509% DMF b1 EF 2
BRETH DY oL, TR TR 2 ETIBYT52, 5 1E, 2 FoEsSHIT = 1:02 TH o7

1) # 44 % : T. Nambara, Y. Matsuki, V. Kawarada, Chem. Pharm. Bull. (Tokyo), 19, 844 (1971).
2) BREEstLss 90 SEvdede, fLIR, 19704 7 4.

3) Location: a} 41-2 Higashi-Tsukisanu, Sapporo; b) Aobayanm Sendaz.
4)@Dm%,mﬁﬂ+,1;,M(Hmn)

5) W2ZWRHFBEOPHBE WA ER T 5.



TapLe I.  Polarographic Properties of Androsten-3-ones
Cu)i o 0
I 1l
of (Y oa
Compounds NN NN NN
L) | Lo
0NN e vl O\
6] I I I
—Eips, Vus. S.C.LE. 0.810 1.48 1. 540 1.37
Ig (dafc-m?®-£5) 1.66 0.30 1.00 0.95
T 0.18 0.02 0.02 0.05
Temp. depend.,® 9 deg.~1 1.9 2.1 2.0 1.9
iV, h=T9.8cm 0.564 0.125 0.447 0.420
h==69.8 cm 0.578 0.115 0.446 0.417
£=59.8cm 0.571 0.101 0.458 0.415
0D 1.80 0.87 —
(cathode potential, V vs. S.C.IE.) (—1.7) (—1.7)

conditions: 3—4 mm sample, 509 DIIF, 0.1 m LiCl, 0.01%, gelatine, 25°

a) with respect to the 25° value

&)

10%,DM1I

=

—0.3 0.3 0.4 --0.8

Fig. 1. Polarograms of Androst-4-ene-3,6,17-tri-
one at Various DMF Concentrations

. 100%
Yo 9% ]
7 i

il

—0.3" —0.3"

10.8 wA
—(.2V
Vs, S.C.E.

conditions: 1.66 mar sample, 0.1 m LiCl, 0.01% gcla-
tine, aqueous DMF solution, 25°
) vs. Hg pool, no gelatine

177 O/ 2 nd-
1.5 P
e )——":/‘
.
U' 1.3
o
= 1.1
N
R o 1st
0.9 yd
/.
.9
_——f./
ca—— b——a , ) .
076720 40 60 80  100%(v/v)
Concentration of DMF
Tig. 2. Effect of DMT Concentration on Half-Wave
Potential
conditions: 1.6—3.3 ma sample, 0.1 m LiCl, 0.01% gelatine,

25°

number of clectron transferred, found by controlled potential electrolysis

% ¢ DMF o B8 o TR L (Tig. 1).
10—70% DMFE it TR ks Lizss, 80
o TIEH LI, 2 EbIThTh 2 B i DA
wRL, DME JEENBINTA L COEMLE LI
Eltrote. B, 20 Eye ¢k DMF & X
ST E QBT A & Hikich » 7o (Fig. 2) 2%, W&
b OO R Flg 3wk 5 wEM L. F
oot 509% DMFEF d-cihgg 13, 2 I o FEElhik
1:0.2 ThH LA, DMF RBEDOHEINC L cdio TE 1

1.0p
0.8 /
= 0.61
2041 .
0.2 I
o—"°
0.0
3.0r
o\.\._._.\ 1 st (Il)
.\-
< 2.0 \.
3 N
T1.0F /O
2nd (i2) oo °
0.0 Q | n | ! ] 1 N a ,
0 20 40 60 80 100%(v/v)
Concentration of DMF
Fig. 3. Effect of DMF Concentration on Limit-

ing Current®

conditions: 1 mu sample, 0.1 M LiCl, 0.01%, gelatine,
25°

a; corrected with relative viscosity®®
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Tase 11, Effect of DMF Concentration on Peak Height of AC Polarogram

AC polarography DC polarography
DMF ;U jmm wA/mm
o o . I
’ 1st ond 1st 2nd
100 67.5 34.5 1.23 1.23
90 68.9 14.7 1.16 0.98
80 79.8 6.8 1.30 0.49
50 122 4.7 1.57 0.31
20 219 10.3 213 0.23
10 308 10.8 2.54 0.15

AL, B2 PITH A L, 100% DMT fhTidugi® 1:1 Eis iz, $7 DMF MEEEOMA f 7 » Tk
P2 EA, AR L, KBRS 1 OIS S il S . TREBRRE—E
Th-fop, IFWPR~NL 5ic 50% DMF i iT 2 ERMBHOEE n 122 TH H, BIEET DMF &
EwcBIfR7e < 2 BRI lY 5 LR Shi.

DME @ L5 e dERBEY B0 b H—5 a5 7 4 —WHBW TR 1 BETETC L VELS T o a1 AR l—iL
RIE® 5057 e b vAIBUSY e d CE I 0l 1, 2 HOREENEREC L - TE b 5 2 &2
BESN TS, 2 TIOBAE L EDRILTT U ADERP R LN D0 Ew 2 FHH Lz, 1009 DMF
GRS 1 WO LIF LS, KRS X » TR RT % (Table IT) & &5, 5 08 ARGt i
W S ey, HEBET A L VIS (ESR) A7 b LbORET B THEThAED Btk - fe. FoC

DMF g X 0 s o Bt 2 %8 o RO 54

5 0F Z)Eijﬁ%ﬁéﬁﬂﬁ L, uT@ﬁujéﬁ/é‘oﬂ_
' o 2. TERFZFVL-RREHTBR-FOGF 74—
e
P ‘ BRELTTr vt =g ) — ok E¥ B3 2 LR A
foid, TREETH -7z, DMF L h3ES m b v oL
- 2.5 7 b= b Y (AN) PORE L. AN—RTIZ AN g
B 7 60% HETR T AMT 5o, 10—50% ORI s
WTHIEZ TR 72 TivFho AN BE W 5 THER
ol E LB CABREDOS 2 e —14V R L. 5
1
= 0.s) :
- e O 2
9P ___,‘_,._-c—""'O,
~— 0.6F
[;: i i .
| 10 30 50% [v/v) —/——/
Concentration of acetonitrile [0.8 ua
— — Ve O 0.1V
Tig. 4. Effect of Acetonitrile Concen- 0.6 0.6 Vs S.C.E.
tration on Half-Wave Potential and Fig. 5. Polarograms of Androst-4-ene-3,6,17-tri-
Limiting Current one in 0.1 N NaOH
conditions: T mx sample, 0.1 m LiC], conditions: 1.66 mym sample, 1 50% acetonitrile, 2
0.019% gelatine, 25° 509% DMF, 25°

6) a) K. Umemoto, Bull. Chem. Soc. Japan, 40, 1058 (1967); b) BeskAk—i8, SEHAHE, HWAE=L,
PE@E, WMAMAL, H4k, 89, 105 (1968).
T) EEA—F, WWAE, FEIES, AL, 89, 663 (1968).
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Tig. 6. Half-Wave Potential and Limiting Cur-

rent at Various pH
conditions: 1 mm sample, 0.1 ¥ NaOH in 809, DMF,

25°

EIHEEYR

L, # 13, 23D Eie i3 0.1v LiCl ¥ L LABGLEER—TH - 12, &

1 D Eye e HUNCETE & AN JBE & 0BT Tig.
AT EREDTH L. BROBEILEE EKELE S
DEIR A SONCIRERE L 0 IR & & A S e,
Ig X 50°% AN i1 3.28 TH -~ 7225 509 DIMF
D ITa %est3 5 HERHREESD CHRITE & v ciim
FWTRDTHD &, H 1, 2 TOFNL 3.12 L

D, 50% AN s Iz iEE—FT5. Tihbbia
L7 AN JERE-CUE 1 JEaMEE 2 BT UE Y
L, Liig A 1 iS50 E LTHFER
THT EANHIA L.

DMF %9 & AN Byhic ki 58 Tho 2RIt
OEIEHBErRET A EFLBRB. Ttk DMF
1T %o dipolar aprotic solvent & LTOMENL, 1
< enol L1, &2 WY AHECHHEIL I
O enol KThHHEIHEEIND. ZORYTEHAT L
B0 Bt o L fE T 5 BERC oW THIR R In 2
7z

3. Keto-Enol i
#-3° DMF, AN @EYZFhZFh 509% &L, 0.1~
NaOH B el % I oZEFLHF Lo, 3BhE
2 BoEE

TR OB A Dk U (Fig. 5). AN B CIRIE 0 B EL % A bhieh - fopt, DME BROH AL
DME 27 A4 ) 2N L pH ARECETT 57, KL & breEbLi (Fig. 6).

bt

B OBIEL AT (UV) A7 b DT hBEf L. Tk 0.1 8 NaOH-50% DMF (i fii

Lﬁﬁ%fm3wm#ﬁlmx%ﬂfﬁ,ﬂ{@@T&&%KW@LuPHT)Hﬁf%tk%ﬂ%(mu3wmw

LS. ohik 0.1y HC-50%

{5
0.1 x NaOH-50% AN i3\~ T 380 mu & Amax 75 % 51 525, 0.1 HC-50% AN TUEEE L, 50%
AN gl s A2y bk —F L7z (Tig. 8, 10).
L, Wi 5 A<z b At ER ks A bR
CEMRTED.

ETNTFHERLSTNATD

<
[=1]
T

=
'
T

Absorbance

0.2

0550280 310 340 370 400 mu

Fig. 7. UV Spectra of Androst-4-ene-3,6,17-
trione

1: 0.1 n NaOH in 50% DMF (24.1 pg/ml), Amex:
260, 384 my

2: 0.1x HClin 50% DMF (24.6 4
314 mp

gfml), Amax: 256,

DMF 7 60 50% DME efEsiisd A7 b &—F L (Fig.

9)-

DMF, AN HEVTFhoEes 740 VR CHERITHAE T

chBOFIDT 1w keto-enol FERMELF 25 L
1.0
0.8

[ev]
[=1]

Absorbance
[an]
.

530 270 300 330 360 390 mu

TFig. 8. UV Spectra of Androst-4-ene-3,6,17-

trione
1: 0.1 x NaOH in 50%, acetonitrile (14.9 ug/ml),
Amax: 260, 380 my
2: 0,1 x HCl in 50% acetonitrile (24.5 pg/ml),
Amax: 293 mpe
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~ N
0 ] i L 1 ~ .
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TFig. 9. UV Spectra of Androst-4-cne-3,6,17- Fig. 10. UV Spectra of Androst-4-ene-3,6-
trione 17-trione
1: EtOH (29.0 ug/ml), Amax: 250.5, 312.5 myu 1: BtOH (29.0 pg/ml), Amex: 250.5, 312.5 mu
2: 50% DMF (30.2 pg/ml), Amax: 256.5, 313 mu 2: 509, acetonitrile (29.7 pgiml), Amax: 255.6 mu
3: DMF (30.2 ygfml), Amex: 265.5, 309.5 mp 3: acetonitrile (29.7 pg/ml), Anax: 249.0 mu

4. DMF FHICHT2ETHE

113 50% DMF mr 256.5 /& HUNE 318 mpu 1 Amax RT3 (Fig. 9) T &5 B keto i, #%3EL enol Hl
L SRR EHEE RS, 1 @ enol kit 6-enol (IV), 3-enol (V) & LT 3,6-dienol (VI) o 3 i 1E %
Biva (Chart 1) 55, T %O FE T 702 — 0 & BT 5 & & 6-enol alkyl ether 2324 g+ 59 kg NIE
PBHELTZh5D 5% 6-enol FEIEREN 5. ¥/, & @ chromophore = Fieser-Fieser HI® % f#H L
Th &EDR Amax DFFEAME & FREZ L AL T35,

? ¢ 0
M ) ol
T s e
0NN HO NN/ NS N
OH 0 OH
v A v
0 0
g gh
0 0
AN <i ~&_CcH=CH- &—<_> AN
w\/'\/l w 04\/\/‘
(I)CH;-; H I
i K
Chart 1

DECR-F R IITIREBLE ST HTELOMRELFE L TL 5. 1 o AN Fik 250 mp R D
Z UV R HGH (Fig. 10), #~F =25 23R EALHR L EOLRTH -T2 L BE 1 T keto HDE
TiedhESSHoThh, 2 EIT DMF BEPEETZ UV A7 b LEFE—F v 25 saOEGALIE

-7

8) A. Windaus, Chem. Ber., 39, 2249 (1908); idem, ibid., 40, 257 (1907).
9) R.M. Silverstein, G. C. Bassler “‘Spectrometric Identification of Organic Compounds,” John Wiley &
Soms, Inc., New York, 1967, pp. 157—161. -OH iz X %% £ % 30—50 my shift 2 RE L&,
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LT 6-cnol #f (IV) ot k2 LR L. SO kR A MA E TV dibenzovlethylene {VITT)
DFET —05 V (us. NCE.) Edin VBB T=5 L VERORTE 50 %7 IV 2o s s 4o
IIT, 6-methoxyandrosta-4,6-diene-3,17-dione (VII) @ Eipn d3FiLFi —1.37. —1.39 v WA S B EEND
LEFEIND.

DECERMEMECL D 50% DM s 2 BIEREEROBEC DV TRF Lic. 815008 2 3%
OERER I+ E BT R AR B L TR 7L, AR o b & 8 1o 55, BIAaL L e b
o & RO RETTBRER VTR o4 4 Sa-androstane-3,8,17-trione (IX) Th 3 = &3 S hic. Li
Do T 2 POEHEBMIMCEMBEALRE LIBHE, LET 3 keto 72500 enol i B ic i3 hT
F—BREE IX v 52002002, B 1 BOEHERRCER LAES, BEREAE LT IX 0
LGOI E Aufe T L% enol 425 keto AR TRITIALLOLHBISRE. & 02 & 3B BEE AL
R/ SR N R =T (R

lE#E o R T ik AN #9 3,6-diketone O % 3, dipolar aprotic solvent T % DMI #¥
HTIL 6-enol fRE OSFERRRBIC S 2 = EAGER S iz, X B 8.6-diketone {£, 6-enol (k3 T-BED Eis % HE
LAME L, keto-enol P & < oL X RIS 2 BTN 35 2 BEORES B2k d FEx < 34
BEhi. Fr0RIEEFEE 4* ORFIX i Se-androstane-3,6,17-trione T% % = F b R I vz,

£ B o #B

1. Androst-4-ene-3,6,17-trione (DARK Dehydroepiandrosterone 5g % 7 + + » 500 ml w &2 L, 0°
AL > killani 2 = aBEEW 16ml #i0x Lhr #8545, BHO 7 = A8% 5% NaHSO, i T4 WL,
== FOURBW R IR, BAREBREREE BEWE VRO v vInEMRL, ALO, e~ 2T v 4 — ot
~ v (160ml) EHES e MeOH X v HHE KL, AR5 #85. mp 223—224°.  Axal. Caled.
Ciol,,0,: C, 75.47; H, 8.05. Tound: C, 76.08; H, 8.05.

2. RE DME Iz A~ 2 + 4 28Ik Na,S0, ¢k Ny, Sk MEES Licd o%, 7 AN,
LiCl vifi@pdEv Tt o £ 4.

3. REBIURESE ) =5 w7574 ——-Mixv@gH—-5e 757 1028 %6 H. KERH
TEBX AB o 2 ELHEA L. Ak 50% DMF WEKS, — 1.3V (vs. S.CE) itk W\ TKEADE 2
h=69.8cm ok % m=0.693 mgfsec, t=3.24 sec, B {3 h=63.4cm @& ¥ m=1.115 mgfsec, t=2.94 sec D
EMERFELT L. B ik Fig. 4,5,6 ORBRICH WOl A Lic., [ABmafmbd 5 B & L, 1009 DMF ©
IR AHEA L, MIEBEEE 4ml 2L, H WeadfAuvres, WERFARLSL LSS 15 min, N, # %
H U, 20+0.1° CRIE LA, HERTRPBEE 1.5—3.5mM, ®iE: L € DMF % X o AN, <5k
LT 01m LiCl % B, HmAAFANT 0.01% 55 v & Uiz, pH HIEREES HRL pH % ~ 5 — M-3 1
X ol RREEHL-EETXTRMFO pH ©h 5,

(2) UV A=z r o AxrEataJe s EPS-2 Bla @A,

(3) ESR =~ 2 } o AREF JESME-3X #®{#F. 4tk DML rhyfiaic 0.1 v Et,NI % J5 w2t
E# 107°—10-°w, RE®EME 15V (8. SCE) &L, WHEMET ESR R@E LL», 705 4% 5l
TH LR TERpot, ZOBE, HOALDIERBEBEBLHVC I 0FE 1, 2D B2 NFhFh
—1.16, —2.08V (vs. SCE) THBHC &, FhwEEic LICl #» ALvicEBa s By RERR WS EXTELD .

(4) CEMEH—FER LAEBL 00 R A QEHMY SAETHS. | OTEMLEMIC S X5 50% DMF,
01w LiCl o @ cliB Lick 2 s, BREEREEe, BESEE 7L UKok, —1.1V (8s. S.C.E) iz
RE LB E, T—8hr oMECTEEED pH 2k X% 10, —1.7V (vs. SCE.) K HE L B4, 2hr 0@ET
ElEO pH Ik L% 115 Thoate. copPHBRE BT 2 1 © Eyp E1HET —07—08V, 2 ¥
—14——13V Thbh, —FE LI, 2 WoREEIL 1:02—1:04 Thovts, Lichs CEMOITICEL -
TR FEL L 7 A2V EEDLBED, Bl st —11V &, B2iconwt —1.7V CEBERES
Db EEiLen,. —1TV tBUREL, b0 ULOBREBELA-RBR CETBRABLA L E A
T, 1§y 9mg #EURBRERE 4ml 2 MAERETn . BREA7 A2 Vo T2t 2 & e
EhieHA R 55, FhhR<4MAL, @@ 1he TEMEKLT LA, A 11V cBEvgE L, Il
12mg # B LN 7—8hr 0MBEHRECIHR LI s CHEMEEIL LA,

4. EBRUERERIORE — 17V @RV s EME L EHEE, —— 7 L Ol LEGELESE Y B,
Zh% Silica gel G % H %5 preparative TLC (Rv ¥ v—=—~ F 2 (1:1)) it L, miEgE—o x££y F#ew§

10) R. Pasternak, Helv. Chim. Acta, 31, 7563 (1948).
11) {RHER, AR, 3EGE, 84, 390 (1964).
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W, HiME 7 v—~z4+ v (1:4) X O EH&LL mp 190—191° @4HL@fH}\rltJZ 7'1:. i géh@iﬁ_?b‘ﬂ\ﬂ'
7

HOBEREMEAML, BARK, IR =2 b a, TLC, # R 27 =< 7
ancrostane-3,6,17-trione (IX) TH 5 - L2 MR L. =7, —1L1V ot %uﬁﬁth“rMﬂ%ﬂﬂL
BEILEE A IX THz o L ¥ L.

MEE AT SO TRELEGE S S5 S SHERNAH P RPN e ik, Sheo —B B
SRR EEETT ME FERCHEH U, $ ESR WEDME RIS T b e B ARE TS

HHSP RS o RicHllLs LEg e 3.

(M 91, p.611~617(1971) )
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Analytical Chemical Studies on Stercids. XXXIX."
Polarography of Ketosteroid Methyloximes®®

Narmko Suinrikr*® and Tosuio NAMBARA®™

Government Industrial Development Laboratory, Hokkaido*®) and
Pharmaceutical Institute, Tohoku Universitytt

{Received May 20, 1970)

Polarographic behavior of the methyloximes of testosteromne, pregnenclone, estrone,
isoandrosterone, and related ketosteroids was examined. Of these compounds, testoste-
rone methyloxime showed two reduction waves, where the half-wave potentials were
linearly dependent on pH. With respect to the reduction process of this compound, a
mechanism involving two two-electron reductions has been proposed from the result of
controlled potential electrolysis and of pH effect on the rate-determining step (Chart 1).
The nonconjugated ketosteroid methyloximes also exhibited a reduction wave in acid
solution. The half-wave potential and current constant measured at pH 1.00 are collected
in Table IV. In addition, the nature of the polarographic wave characteristic to these
compounds has been described.

By P AT R A R 20V (0s. S.CE) X WBEATIIETELEETR IRV Znb, 8k BERT
o Girard e V5V VHBEAE LTE-Fr 257 1 ~3MThbilTERY o 0BORMEIZ s A
TrA FOZELTDERy PAT rA FEBASHEAIN TN, LS PATRAFOFAZe < T 7
f—FAFNLFF YA (MO) BEAL UTUTRITEIRESRTHED 2%, #—-Fr 277 1 — DBEAEINE
Fibs Girard BEX D 2 b A F o7 $ ¥ OB EEER P HAHEELE L C—BFM EELLRD.
MO FHEEDOR~F w777 4 — BT HETRIBLIFENDLIFEETSHS.

EELRESBEAT v A FOGHALFEHIRED—ERE LT testosterone, pregnenolone, estrone, isoandrosterone
MBONCHE 2 ED 16-4 FUBEEEE, e ERE Y, chso MO BERKCOWTE- T8 T 7 EE
EHREL, =, Z0OEMKRdAMAEECOTRETS.

¥ ES

Testosterone MO QR—ZAFF7 4 —
Testosterone MO (TMO)® (3R ER P IR TLE 2RI WAL, B ikl VBB TR R B

1) 5 383 : mhRT, BEFRE, gk 91,6 (1971).

2) BAEFSFIZHE 32 A& THRE, Uk, 19694 12 A.

3) A RLWTH o ¥OEHS % B L fz. Testosterone=17p-hydroxyandrost-4-en-3-one, pregnenolone=
38-hydroxypregn-5-en-20-one, estrone=egstra-1,3,5(10)-trien-17-one, isoandrosterone—=3§-hydroxy-5u-
androstan-17-one. 3-hydroxy

4) Location: a) 41-2-Higashi—Tsukisamn, Sapporo; b) Aobayama, Sendas.

5) P. Kabasakalian, J. McGlotten, Anal. Chem., 31, 1091 (1959).

6) M. Brezina, P. Zuman, ‘' Die Polarographie in der Medizin, Biochemie und Pharamazie,” Akademische
Verlagsgesellschaft Geest & Portig K.-G., Leipzig, 1956, pp. 399—413.

7) H.M. Fales, T. Luukkainen, Anal. Chem., 37, 955 (1965).

8) TMO i3 syn Bl L anti HicHEEzh s, AEOHA—-F e/ 3 7 ERIELR A Dbt £
TOToORRTUWELYSHT oo ol Lo TFEA L.
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Fig. 1, Effect of pH on Limiting Current (5}

and Half-Wave Potential (Ei/s) of Testo-
sterone Methyloxime

conditions: 1.77 mum sample, 50% EtOH, 0.1m KCI,
HCI, 0.019% gelatine, temp. 25 +0.1°

(93)

Bdhhte. o pH LS, Ey OBGE Figo 1l o
TR T 25 DTFo pHIFETTRESE—EThbLT,
HIFEELHOEEHIZ 111 T3 o . Eyy i3 pH
DIET SR BBEACBE L TREZEOMCERBERSE LD
, B HY 2 B5 LW 5 & ERBELATHS. F
o FOARNTE 1 T 70 mV/pH, £ 2 T 60 mV/pH
TH T,

EHOME # mTKBE Lm0 RER BERIE
Table I iz 28, BIMEZKEELES & OVHE
AL, 25° ok T RERRIEE R pH
BRCE 1Y, EE2Ebic 2% LT Chotr. ¥ pH
1.00 wxlT2BELESORGE Y HBE Licd, 813,
2L DEHE UBERE CRIFRERELR U
(Fig. 2). Zh O DOHEENSEAERLIAE LIz pH KT
BHTEHTHD LEREINS.

PH 1.00 k5%~ 7 OF & & HIKNK &0 it
1M 21 up/ud, B2 M up/ud THD, L
AT LS L. coZ it log Fey bLEL

1% transfer coefficient («) 2385 1 ¥ 0.53, 55 2 3% 0.58 (n=2) TH2Z +: B LTINS,

Tapre 1. Effects of Temperature and Mercury Height on Limiting Current ()
C d I conce h 71 . /7 12 Ci[‘empd ‘ 'lz ) /}Ll/ﬂ C{l“empd
ompoun P ) ; /7" depend. 2 epend.
mm cm JIRN % deg1 HA 2 % -deg1
1.00 2.45 43.4 4. 40 0. 668 4. 40 0. 668
53.4  4.95 0.677 5.00  0.684
(IDH 63.4 5. 40 0.678 1.6 5.40 0.678 1.6
! 734 5.75  0.671 5.65  0.659
(\i/ 2.80 1.85 1.6 1.7
3.13 1.85 1.5
3.33 3. 60 1.8
53.4  0.84  0.114
1. 00 1.35 63.4 0.92 0.115 3.4
NOCHs 73.4 1.00 0.116
(\\i 83.4 1.16 0.126
o 53.4  0.62  0.085
HO 7 .00 0.65 63.4 0.70 0.088 3.0
73.4 074 0.086
83.4 0.81 0.088
53.4 1.64 0.224
NOCH, 1.00 2.97 63.4 179 0.224 4.6
j/\/;,j 73.4 1.94 0. 226
I/I‘Jj : 83.4 2.00 0.219
HO™ 1.00  0.56 63.4 0.67 0.08L 3.0
73.4 0.73 0.085
83.4 0.79 0.087
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Testosterone MO DETHRE

Girard v F 5 V' vBEAORTEBCE L T, 1T 2 hﬁ- y;
BFELYTT CCEEASERShS & T 55,00 4 BF - /
BILTHD ET550D 235 - 728y, Lo, Lund® 1 »C= 607 .

N-NC 54 0BT ERAOBAC 5 b N-X HaoH ' yd

BN C B bR WG L, PR RISES & IR .l :

By by o Girard v F 35 VvEEEC W T IAEED pH % 20k l/

R B BT A FHICRE L, DC=N-N &0 R -

132 DCH-NH, #rrsh, Fifodlcizse b YO 0 10 20 . 30 mu

L7z acidform A~ F e 'S VR L % 5 e o &% Fig. 2. Relation between Limiting Cur-
HAT B, rent (¢) and Concentration of Testoste-

rone Methyloxime at pH 1.00
—@—®— 1sf, —x—x— 2nd

Fd%F v A ORTEMECE L Tz Lund 5%0a00 234 FF
BILETHDZExiLhrdd L & i acid form HUETLIh
B RIGEEYER L, S5 YC=N-O- #4055 N-O SA0HEA T b, DLt mEAET IR,
MIET 57 3 vEETIEELRE L0

LA E b BTl MO BEEOBLIEEELCRSEUT Lo LER I hAR, DT RsmeoRERES
ORI ST B 2 ERTER.

T, BUEBET2RBTE ) 205 b ERNBEY T - 7. 8 1 WOEEBIHMNIEREOS 2 Wi
Lo THE D, H 2 WOEHBIHACEMELLRE Lic. #5543 Table T1 id L5 i€ =4 THo
fehy, PH 2335 2.5 DT CRE 1 WEE 2 WoWRLS 111 TH2 2 oM n=2 LR Ihi.
SO EBMEBERY T EEEL, FRIERS S OREOERZIA 3e-aminoandrost-4-en-178-0l Th 5 & &%
Em L.

Trare II. Controlled Potential Electrolysis of Testosterone Methyloxime

Sample Q= b Sample Q= b)
mg coulomb mg coulomb "
2.20 2.55 3.82 1.98 2.61 4.34
2.20 2.66 3.98 1.98 2.39 3.99
2.20 2.64 3.95 avr. 4.02

a) electricity quantity, &) number of electrons transfered
conditions: 50% EtOH, 0.Im KCl, 0.01%, gelatine, pH 1.9
cathode potential: —1.26 V vs. S.C.E.

Ao & & < HY pUBnicE 35 2 &0:650 HY $ () &30 (W mlichio THEH L.

dEl/z _ —0. 059 .
d(pH) = an b (1)

CoT oan bt log ey M, dEn/d(pH) 1% Tig. 1 R Lic Eye—pH BEROSEE L TR D LR3.
wEder Table I wind- b0 Thh, F 1% F2WLbic 1 o0 H HEEL, acid form RBETICED
LT EBHLM LS.

D EoERERYE 2 A2 TMO OoF—~ 7 r 77 7HBITEHNY Chart 1 0 X 5B $T5 ¢ &2 T& 5.
TMO 7500 3-4 3 2 dhfitke acid form @ pKa 1T Fig. 1 252 CFR-FR 3.29, 2.87 5 5. pH ik

8) @) V. Prelog, O. Hifliger, Hely. Chim. Acta, 32, 2088 (1949); b) J.R. Young, J. Chem. Soc., 1955, 1516;
¢) M. Bfezina, V. Volkova, J. Volke, Chem. Listy, 48, 194 (1954); d) M. Bfezina, V. Volkova, J. Volke,
Collection Czech. Chem. Commun., 19, 894 (1954); e) H. Lund, Acta Chem. Scand., 13, 249 (1959); f)
M. Masui, H. Ohmori, Chem, Phayrm. Bull. (Tokyo), 12, 877 (1964).

10} @) J.W. Haas, J.D. Storey, Anal. Chem., 34, 145 (1962); b) MR Bk, EBEE, AHm, 3k, 88,
1093 (1968); ¢) H. Lund, Acta Chem. Scand., 18, 563 (1964).
11} G. Dryhurst, P.J. Elving, Anal. Chem., 40, 492 (1968).



Teare ITI. Effect of pH on Rate-Determining Step in Polarographic
Reduction of Testosterone Methyloxime

1st 2 nd
pH .
an® dE12/d(pH) ) 2126 dE1p/d(pH) P
1.00 1.05 0.070 1.24 1.16 0. 060 1.18
1.94 0.82 0.070 0.97 0.95 0. 060 0.97
3.32 0.58 0.070 0.69

a) E=FEy3—0.059}an log ijig—i
b) Number of hydrogen ions involved in the rate-determining step.
dEya/d(pH)=—0.058/an

Ol 0H OH
H 2e
H+
CH:ON CH,ON’ NH
H

OH OH

HN* H.N

H
Chart 1

X% 25 DIRTE 13E, B2 &L BEEFEINEL /B0l acid form FROFIEEENZHBHTPHI WL HT
553, COZERELAZE LR pH MTERIEREE TS 2HELS LEHIRS.

fafnr FPATHS F MO OXR—Z0455 74—

JEHRBJEr bR L DAT e ¥ & LT estrone MO (EMO), 3-hydroxyestra-1,3,5(10)-trien-16-one MO (E16-
MOQ), isoandrosterone MO (IAMO), 3f-hydroxy-5«-androstan-16-one MO (TA16MO) %5 I ¢ pregnenolone MO
(PMO) % & b BT i

IAMO 3 pH Z{k, BEZER A Fig 3,4 CERT? L5 R A—T e 75 22 R L7 Thbb

pH 0.55 pH 1.00 pH 1.49 rH 1.94

_‘_.I 0.4uA
0.1V

07 207 07 07 Vos. S.C.E.

Fig. 3. Polarograms of Iscandrosterone Methyloxime at Various pH
conditions: 2.52 my sample, 50% EtOH, 0.1m KCl, HCI, 0.01%, gelatine, temp. 254 0.1°
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0.52 mM 0.74 mu 1.04 mm 1.49 mm 2.23 mu 2.97 mu

07 0.7 0.7 =07

-0.7
V 5. S.C.E.

Fig. 4. Polarograms of Isoandrosterone Methyloxime at Various Concentrations (pH 1.00}

=
©
U3 .
u; 1'2. 1soand1‘os_terone estrone
§ | methyloxime methyloxime
l/
- // —"
i: 1.0 " ',/'/'/
5
3.0
T20
=z 1.0 \._\. e
0 1.0 20 3.0 0 1.0 20 30
pH

Fig. 5. Effect of pH on Limiting Current ()
and Half-Wave Potential (E1)2)

sample concn: 1,365 mac

1] L
U’é 1.1
E 1.0__&*_*)(._)&__)( v . ¢ e
Lﬁ 0.9
2.0+
/./
l/.
e
<§\ 1.0 x,/f
-
Y 58
® X
o
0 / 1 L !
1.0 2.0 30 mu

Fig. 6. Relation between Limiting Current (¢},
Half{-Wave Potential (E1/2) and Concentration
at pH 1.00

—@—@—: isoandrosterone methyloxime
— x— x—: estrone methyloxime

PH 2MEL e 3ol L OWSRELxY, TO0h
EEMTE O D RBR S, —FREZ{T o
TiXE L& 0.52mM ¢ 1 BOBTHA TR, BE
BEL ke oh PH1.94 0BE0K— 5 e 75 A
EHUL, SOBRERRS :—@BEMchs. pH /o
LUHEBHEE L8 1 oW E B LU By, OBREYF
e Fig. 5,6 TR Uiz, Eyp 13 pH & EHEBG
FRL, TOAEE TMO B4 LIBISRITCE b,
FORECARTE Ltk 85 1 oW RIS EERE (—0.6 mm)
CETIIRIFERICHE 5 BIRER Lic a3, 0.7 mm [
TR FE oBmMEBIRE Uiz, ¥4 TAMO 2 EEH]
E LB oRBSESHFL Fig.7 0Lk VThHD. &
WomHEE Table ]l R LA X 5 WREFOFRET A D

0/9”{__5*6
SNV N

+ (8 drops ), sec
e
/

0 -04 -08 -l.2
V ws. S.C.E.
I'ig, 7. Electrocapillary Curve of Test
Solution Containing Isoandrosterone
Methyloxime

conditions: 509 EtOH, 0.1m KCi, 0.019%
gelatine, HCI {pH 1.00)
sample concentration: 1 blank, 2 2.97
mu, 3 0.74mm
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SEEHICHE L, BEEGRLSHEE TR 3.0%, HEETI 46% ThH- 7.

EMO 1couTh Eigr pH 28k, BET o THE Lic (Fig. 5,6). EMO 12EfEMEN D 2 { ERER
BT LB CE I 7oy, TAMO SR UEAET L, BT 0.52 mu TAMO D& LRUTH - . pH
b ounT Fig. 5 mimd & 5 EEMEL R, 22T EMO h o/t b R LER Liclo iR E ik
HOIEE S LS O By I L CEENE LT n - ioht, FREO IAMO oRERREL—FLL. oh
BoFEELS IAMO, EMO OfEIFR UE—-F e /5 7TREEZRT 0 EFLLND.

PMO & G5 < Bk % 0.6 mM THRE Licss, BILEEEEEONEMN E B s oo EH 2 »WT
AR CE fnd o .

#ibSio pH 1.00 1wkt b Ey, EEREMER T 2 —3E LT Table IV @ iiF 5. ZeEm e b 3E
O hag LRERT L, FHERRD D, Eye OFRZL 001V M Ths.

Teare TV, Half-Wave Potential (Ei/z) and Current Constant (I) at pH 1.00

Compound —Ey2,% V us. S.C.E. I (=%/c-m¥®. /%)
. 1st 0. 7092 1,829
Testosterone methyloxime [ 9nd 10250 1 830
Estrone methyloxime 0. 980 0.46
3-Hydroxyestra-1, 3, 5(10)-trien-16-one methyloxime 1.008 0.98
Isoandrosterone methyloxime 0.998 0.48
38-Hydroxy-be-antrostan-16-one methyloxime 1.025 0.94
38-Hydroxypregn-5-en-20-one methyloxime 1.12 ca. 1.69

a) average value of three replicate determinations
b} both syn- and asii-methyloximes showed the same value.

Z £

MO FEATR RN L7 vy VETIEE S PREiE Tl U CELH % 77 L, acid form o L3 BT
BI B35 = & A3IB Lcs, Ziud Girard v ¥ 7V vEOZEEY LWHLACRS. EHELLDH—-Tr S
S TRETITET N-O SEARER L, DU YC=N- 2 S i s B Lizats T3 (Chart 1), %7
TMO #3502 3-4 3 7 ffD acid form & pIla (X7 FI 3.29,2.87 CAHLH T LWL L ino Ao, —RIT
R—-Fw 757 -1k oRwehs pKe ERERS kinetic current Z&trd EFRE I h REWEZTRT
H, T 0E4, kinetic current A EF A LWABRIWER T O T E pRy L& o bl tE s,

EMO, IAMO ofafir b A7 a4 F MO BEMMEEE TS I BOXTHDH, SRETIREICL T

ARG O 2 Phon Lic. 8 1 BKEEDE ”5@3177‘63 O LIREREROHE YR T2, EROD
CARRETEA T2 28, FRERIDMERECRS L TLRTHAHRETIIDIAE WL &R 03
G acid form DRTTIC & in - TET S EMOKRE (58 28) @F"ﬁiﬁk.l:é%@&%iEhE) DR
W TSI BRI TR N EE T S

BAEEWD By & Tk Table IV /R Lick B 0 TH H, BF LHBEN T PMO 2R - & LEEETH:
Tk 5., EMO, EI6MO, IAMO 5 L8 TA16MO 4 B0 Eyp WIREEZFR BT L DAL,

ST 17-47 bk, A%3-5 F R Girard v PV VIREBELCE-F v 5 TN AFIEERT A EAA B
TS, Aok 21F estrone, testosterone 1270 & VIETENRFiL —1.44V, —1.23V (vs. Hg pool) 1z Ey/y
ALY SEEERLNRE L ST ERCY, BIUEI ES LEN Lo REET S0 v, L L MO BEETIE
EMO D& Ly pH ZHET2 oLl b THMO oFEERELH LS. /o TMO FAs a= b /74
Eosyn,anti Bl 2RO — 2%t #—Fr 27374 ~TIERAL Fy, 5 LAESE & L 0By X
Ta5ZENTES.

12) @) J.K. Wolfe, E.B. Hershberg, L.F. Fieser, J. Biol. Clenz., 136, 653 (1940); ) J. Barnett, A A, Henly,
C.J.O.R. Morris, Biochem. J., 40, 445 (1946); ¢) J. Barnett, C.J.O.R. Morzis, Biochem. J., 40, 450 (1946).

13) M. von Staokerbew W. Hans, W. Jensch, Z. Elektrochemie, 62, 839 (1938); Riicok—B, FLIUTEAER,
CE—TwmrIw -, BEILE, K, 1965, pp. 181—200.
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SLICERMERIRELETORELETS 21304, E—4F © 3e-aminoandrost-4-en-178-ol % &R
Kirhz, BRUBTO—FHE LTERHEEL LS.

£ B o

1. #HEloagv (1) Testosterone Methyloxime!se:0)—  Testosterone 300 mg, MeONH.-HC! 200 mg
7 BtOH 2ml, vy v 0.6 ml E#F L, L5hr 3Bif. B s AcOEt T, 10% HCL H,0 < JFRk ki
HERMEL, & EtOH cEEM. mp 111.5—112.5° o J AR F%E 5. Anal. Caled. CyoH, O,N: C, 75.67; H,
9.84; N, 4.41. Found: C, 75.62; H, 9.79; N, 4.36.

syn ds LTV anti RO SEEYS L < v € v-AcOEt (6:1) % REIAM &+ % preparative TLC T 7 #r » %o,

anti B2 7 € b VeV CHE S, mp 134.5—135.5° o £ G 4R B2 & 5. IR cm 1 woy 1634 (KBr).
[o]: +161.4° (6=0.19, CHCL,).

syr B: 72 b v THEH. mp 189—190° oEmEALIKRE S 5. IR cm~t: veoy 1630 (KBr). [«]: +220.5°
{¢=0.13, CHCL,).

(2) Estrone Methyloxime” ¥ ——Fstrone 300 mg, MeONH,-HCl 300 mg % EtOH 40 ml ic. WL, “hic
H,0 6 ml = AcONa 800 mg % LiciE Mz 18 hr B, AcOEt chiH, HHEL. mp 220.5° odE
SERAR 218 5. IR emt: veay 1659 (KBr). [o]: +91.2° (¢=0.17, CHCL,). A#nal. Caled, C,gH,,0,N: C, 76.22;
H, 8.42; N, 4.68. Found: C, 76.14; H, 8.28; N, 4.49.

{3) 3-Hydroxyestra-1,3,56(10)-trien-16-one Methyloxirme (2) wie v cllS. RIS®ET % EtOI 2 & £,
T 28HEE2FH L, # EtOH CH#ME. mp 208° o&AslRA %28 5. IR cm: yeoy 1651 (IKBr). [«]2:
—20.1° {¢=0.10, CHCl;). Anal. Caled. C,Hy,O,N: C, 76.22; H, 8.42; N, 4.68. Found: C, 76.46; H, 8.35;
N, 4.58.

(4) Isoandrosterone Methyloxime——(2) i#e CC#l 3. FISHETH EtOH %%, HHT28L2FL,
#r EtOH <. mp 203.5—205.5° o |EAS R B 28 %5. IR cm™1: pooy 1662 (KBr). [«]%: -56.7° (c=
0.15, CHCL,). Anal. Caled. CyoHp,O,N: C, 75.19; H, 10.41; N, 4.38. Found: C,75.00; H, 10.31; N, 4.32.

(6) 3p-Hydroxy-be-androstan-16-one Methyloxime (2) w¥ Ur#lT. RIERTH EtOH 2535k, 1FH
To2HEMmAEFN L. fF EtOH X » B 4. mp205.5°—206.5° o fF etk %E 5. IR em: wooy 1651
(KBr). [«]: —73.8° (¢=0.14, CHCly). Anal. Caled. CyH,,0,N: C, 75.19; H, 10.41; N, 4.38. Found: C,
75.23; H, 10.26; N, 4.33.

(6) 38-Hydroxypregn-5-en-20-one Methyloxime—— (2) ¥ U Cc 8l 3. RIGBFHFHE T2 &R~ FI L,
AcOEt-27k EtOH THE# K. mp 164—165° QM &R % 8 5. IR cm—: vooy 1669 (KBr). [a]2: +24.5°
(¢=0.14, CHCl,). 4Anal. Caled. CppH,,0,N: C, 76.47; H, 10.21; N, 4.05. Found: C, 76.19; H, 10.38; N, 4.30.

2. REBLVCATEE () #-9ms77 4~ MWEAVEERR -7 vy 77 102 ML60EH. KEHT
BEOENEFHFEIREEORS h=634cm oL %, WEE (pPH 1.00) FHEREET2KE0EE m=1.115
mg/sec, i THEM ¢=3.07 sec(BARIE) THote. WEIZEME - I BB L L, RPE W BYE 2ml 2EHLE.
BHEE L ESEEDC 2y P L, Ny 2% 15min 3§ U7, 26+0.1° THEXT R Tz,

WER o ARk Clark-Lubs 2 HR %A, REOBRMELEE LT 50% EtOH & L. EEKIE 50%
EtOH, 0.1m KCI, 0.01% ¥ 3+ v &L, HC B X b pH 2T L. Likdschkfown s pH AT
o pH TtH 3.

(2) EEMBE—BIAVE-3 HEER. L RETHRY FA%EcH-z. TMO 0EBRER % Tk 5 2hlco
T, FFREBL LR Lz, pH 15 ©ik TMO 0 Eyy GREFROHEEMLNERF L, H oBTrRX 2
BRAGEND LD n AETECRD B EARTE R W, pH24 v TMO oBTEoETICHE L H 23088 3 h
PH #®{iedhed, BRENEFTLI . DEORKEEBEBL o0 L5 ek TEBRE RE Tk, T
hbREBMEY —1.26 V(. S.CE) L, #—5r 57 AERELIH—ARTH 2 pH 1.9 0oEEIE 10
ml ¥BREZC VR ERBRAKR TWL 2 ERiE»S 2, TMO 2.2mg #RM LB EE 2nl(BBET5H)
EMEZTER L. BRETED pH 3§ 2.2 Tho k. REBEEKERIHENTE LT ERERAORRE
0T, I1MTERFPHLCRERRBELCKELXEAT I ERXLETH S,

3. TEMERLERMORTE (2) o0& liedioT TMO # 35 mg »FEMERE S L. BEED
EtOH 28E L, FMLliob, AcOEL CHb, £EEMEYE LB, FPBEBEITRELETHD, TR O LD
REbE7 27~ eFE L, ThbbBERELRKREG LY Y o v 0.3ml KEML, Ac,0 0.2ml 21z
T 70hr ERKER, EES S HIABLE. o HRAYgELY> Y » 521 G 2f\ % preparative TLC

M) BRI MERSNERELEAL, RME. EXEXHASE DIPSL MAHEEEH %2, RARKA
A7 P AR B ARSI DS402 BRASREER YA TE L.

15) a) G. Drefahl, K. Ponsold, B. Schonecker, U. Rott, Chem. Ber., 99, 386 (1966); b) M.G. Horning, A, M,
Moss, E.C. Horning, Awnal. Biochem., 22, 284 (1968); ¢) S. Hara, K. Oka, Y. Ike, Chem. & Ind., 1967,
832; d) M. Heller, F.J. McEvoy, S. Bernstein, J. Org. Chem., 28, 1523 (1963).
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(AcOEt-CHCl, (1:1)) 1eff L, EA Ry M (Bf 0.44) 0 REH 2 WK, HilHpr MeOH THFESL mp 145
—146° o AR FELEL. AREIBTREGE LCPESH S LEWEMED > 5 3x-aminoandrost-4-en-174-
ol diacetate DERIC—K T2 = L #EHRE, IR A7 i, TLC OB X DR L. Lizdie TEE
gz Se-aminoandrost-d-en-175-0l T H 5.

BT AL BWCRELSES #5585 Xh7z DK Fukushima {#1 (Institute for Steroid Research,
Montefiore Hospital, New York) |ciR# L ¥ F. * fo A M 218 % & A i Sk RS2 Bl 5475 0 B R 1T
HILFELLETFET.

( Sepsess, 91, p.151~158(1971) )
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3-8 A New Reductone derived from p-Glucuronolactone by Alkali. IV
' Isolation of 3-Keto-4,5-dideoxy-trans-
4,5-dehydro-glucuronic Acid

Meni Kawara, Yuriko MizuTani (née NAKAGAWA),
NarKO SHINRIKL2®) Micuiva KiMura
and Morizo IsuipaTe?

Faculty of Phavmaceutical Sciences, Hokkaido University®

(Received June 16, 1969)

An aqueous solution of D-glucuronolactone (I) produces a yellow color by alkali.
This yellow substance (II) was isolated from the precipitates obtained by treating I in
dimethylformamide with potassium hydroxide in methanol at 70°. It had a strong
reducing character, indicating the presence of oxo-ene-diol grouping in the molecule, and
gave fumaric acid (VI) and 4-oxo-glutaconic acid (IV) on periodic acid oxidation. The
structure of 3-keto-4,5-dideoxy-trans-4,5-dehydro-glucuronic acid was proposed to this
new reductone,

A yellow color developed when p-glucuronolactone (I} was dissolved in aqueous sodium
or potassium hydroxide solutions,® while a yellow substance precipitated when it was treated
with the alkali in nonaqueous solvents such as methanol, ethanol or dimethylformamide.
In the alkaline solution, the yellow substance exhibited an absorption band at 420 my, which
was relatively stable under nitrogen but faded rapidly to give a band at 280 mu on standing
under air as shown in Fig. I-A and I-B. On acidification, the yellow solution turned colorless
to have a band at 340 mg as shown in Fig. I-C, and was reversibly restored to show a band at
420 my on addition of the alkali. The acidic solution having a band at 340 mg reduced prompt-
ly iodine or 2,6-dichloroindophenol sodium and produced a violet color with ferric chloride®
to point out the presence of -CO-C(OH)=C(OH}- grouping.

These properties suggest the formation of a new reductone which is different from the
known reductones (Jmax 810 my in alkaline and Aw.. 266 my in acidic solution) derived from
pentose and hexose by alkali.®

Treatment of I in dimethylformamide with a methanclic potassium hydroxide at 70° gave
hygroscopic yellow precipitates containing potassium glucuronate as a main product, which
was removed by treating them with small amount of water. The aqueous solution of the pre-
cipitates freed from most part of the by-product was acidified to pH 5.6 to afford a deep yellow
crystalline compound I, decomp. 139—140°, in 69 vyield, which had the formula corresponding
to CgII 0;-C.H, 0K from the result of analysis of K and of titration as a weak acid. Treat-

1) A part of this work was published before as a. Communication to the Editor. 1AL Tshidate, M, Kimura
and M. Kawata, Chem. Phavm. Bull. (Tokyo), 11, 1083 (1963). -

2) Location: Niski-6—chome, Kita—12~jo, Sapporo; a) FPresent address: Government Industrial Developient
Laboratory, Higashi—tsukisamu, Sapporo; b) Present address: National Institute of Heigienic Sciences,
Tamagawayoga—macht, Setagaya—ku, Tokyo.

3) W. Hach and D.G. Benjamine, J. Am. Chem. Soc., 76, 917 (1954).

4) E. Arndt, T.. Loewe and E. Ayca, Chem. Ber., 85, 1150 (1952); ibid., 84, 336 (1951); S.B. Fistert, F.
Arnemann and F. Haupter, Chem. Ber., 88, 951 (1955).

5) H. von Euler and H. Hasselquist, Chem. Ber., 88, 991 (1955).

6} H.von Euler and C. Martius, Ann. Chem., 505, 73 (1933); X, von Euler, H. Hasselquist and G. Hanshoff,
Z. Naturforshg., 86, 636 (1953); D. Nomura, S. Adachi, K. Yamafuji and H. von Euler, *'Grundlagen
der Redukton-Chemie und Biochemische Ergebnisse an Ascorbinsdure”, Uchida Rokakuho, (Tolkyo),
1960, p. 92.
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Fig. 1. Absorption Spectra of the Yellow Substance Derived from p-Glucuronolactone
by Alkali
At 5 mg of p-glucuronclactone in 3 ml of 0.1 NaOH under nitrogen (— « —: 1 min, ———: 2.5 min,
--------- : 10 min).
B: 10 mg of p-glucuronclactone in 8 m} of 0.1x NaOH under air (———: 0,5 min, — « —: 1.5 min,
--------- : 8,5 min),

C: 5 mg of p-glucuronolactone in 3 ml of 0.15 NaOH +was kept at 20° for 10 min under nitrogen and

acidified by addition of 0.05 ml of eone. HCl {(———: 0.5 min, — + —; 10 D, -~rmmnme- :

20 min).

D: 5 mg of n-glucuronolactone in 3 ml of 0.1 NaOH was kept at 20° for 6.5 min under air followed

by addition of 0.05 ml of conc. HCI ¢

: 0.5 min, —

: 8 min).

ment of the compound T with concentrated hydrochloric acid gave yellow needle crystals (I1),
CeHgO5, [2]n 0° (¢=10, methanol), mp 163° (decomp.), which exhibited an abserption band
at 420 my in alkaline and at 340 my in acidic selution, thus showing the identical absorption

bands with those indicated in Fig. 1.
It produced also an intensive violet color
with ferric chloride. The infrared (IR)
spectra of the compound T and II are
shown in Fig. 2. In the regions 1600—
1700 cm=1, the compound I gave the
absorption bands at 1624, 1655, and
1698 cm™1, and IT gave those at 1595,
1623, 1641, 1655 and 1682 cm~!. These
absorption bands are in the regions
corresponding to the C=O streching
vibration of «,f-unsaturated carbonyl
and a,f-unsaturated carboxyl grouping
or carboxylate ion respectively.

One mole of iodine or 2,6-dichloro-
indophenol sodium was reduced rapidly
on titrating IT suspended in cold water,
while a far smaller amount than one

A

4000 3000 2200
Fig.

1700 1300 1050 800em-

2. Infrared Spectra of IT and Compound I

in KBr Disk

ATl B: compound 1
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mole of these reagents was consumed when the titration was carried out after complete dis-
solution of IT in water. Furthermore, on the titration of IT suspended in cold water with
sodium hydroxide, the first sharp break was observed on the addition of one equivalent of
the base on account of the carboxyl group, while the second broad break appeared on adding
a far less equivalent mole due to the ene—diol grouping. These facts suggest that the ene-diol
form (II) is rapidly convertible into the a-ketol form (ILI} with a certain equilibrium in solution.
Oxidation of II with periodic acid at room temperature gave fumaric acid (VI), while at
—10°, 4-oxo-glutaconic acid (IV) which was titrated as a dibasic acid and afforded phenyl-
hydrazone (V) and (VI) on treatment with phenylhydrazine and hydrogen peroxide respec-
tively. On the other hand, II reacted with three moles of hydroxylamine in acidic solution
affording a colorless crystalline compound, CgH;,OgN;, mp 149°, which was titrated as a mono-
basic acid. This compound is assumed to have the formula (VII) by the fact that an «,3-
unsaturated carbonyl grouping is known to react with two moles of hydroxylamine to give
a f-oxyamino-oxime.”) The formation of fumaric acid on the oxidation of II suggests the
trans—form about the ethylenic linkage. From the results obtained above it is concluded that
the structure of II would be 3-keto-4,5-dideoxy-trans-4,56-dehydro-glucuronic acid. A possible
reaction process involved in the formation of II from I by alkali is shown in Chart 1.

HC-O- HC-0" HC-OH HCO
1 1 | |
C-OH C-OH . C-0H HC-OH
OH- H ]
;/ *.(I-I; — (I:O —= (EO = C|:O
b HC CH OH- CH CH
HC-OH HC HC HC
|
~co CO0- COOH COOH
i i
T |
OH- [ HaIOs J NH-OH-HCI
| ! )
HO H HOOC 1 COOH !COO}FF HC-NOH
Cl \I C H>04 ?O (E:NI\ H_<__——> H(l:hOH
HC-OH 0 Il «— %H — CHDH (%‘:NOH
~——CH | ¢ HO HC CH,
b HC— H COCH COOH COOH HC-NHOH
|
_ W ¢oon
e v v ;
Chart 1
Experimental

Preparation of the Compound I——100 ml of 159, methanol solution of KOM was placed in 200 ml
flask, and kept at 70°. 50 ml of 26%, dimethylformamide solution of I was heated to 70°, and added to the
above alkaline solution under stirring with the Hershberg’s wire stirrer by which precipitates were finely
crushed out immediately to minimize the decomposition of the compound 1. A few minutes later, the flask
was cooled by an ice—salt bath, The resulting yellow precipitates were filtered, washed with MeOH, and
rinsed with 20 ml of H,0. Most potassium glucuronate included in the precipitates was removed to the
aqueous layer. The remaining gum was dissolved in 50 ml of H,0 under nitrogen. On dropwise addition
of concentrated HCl at 0°, the yellow substance was separated as fine needle crystals of deep yellow metallic
luster, decomp. 139—140°, hardly soluble in cold H,0O and MeOH, washed with cold 1,0, and dried under
reduced pressure. The yield was 0.7 g. Recrystallization from various solvents was failed due to marked
decomposition. Two samples of the different preparation gave the following analyses.

7) C. Harries and F, Lehmann, Ber., 30, 320, 2726 {1897); C. Harries and L. Jablonski, Bey., 31, 1371
(1898:.
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1) Analysis of K. Anal. Caled. for C;,H,;0,,K (CSHSO5-C5H5O_;I_{): K, 11.02. Found: No. 1, 11.23;
No. 2, 11.39.

2) Potentiometric titration with 0.1n NaOI as a monobasic acid. 54.9 mg (No. 1) and 51.5 mg (No. 2)
of the compound 1 consumed 1.517 and 1.294 ml of 0.1x NaOH respectively; Molecular weight: Calcd. for
Ci:Hy304,K: 354.3. Found: 362 (No. 1) and 398 (No. 2).

Isolation of the compound 1 from both aqueous and nonaqueous alkaline solution at room temperature
was failed due to its extremely low yield and rapid decomposition.

Isolation of 3-Keto-4,5-dideoxy-trans-4,5-dehydro-glucuronic Acid (II) 0.8 g of the compound 1 was
suspended in 10 ml of concentrated HCl and kept at 0° for 10 min under stirring. The deep yellow crystals
of the compound 1 changed to pale yellow. The resulting fine needle crystals were collected and washed
with cold H,O and dried. Recrystallization from dioxane gave 0.5 g of IT as yellow needles, mp 163° (de-
comp.). [«]F 0° (=10, MeOH). Aunal. Calcd. for C;H,O;: C, 45.38; H, 3.83. Found: C, 45.54; H, 3.76.

Titration of II with Iodine a) The following samples were weighed into 50 ml flasks, suspended in
20 m] of H,O at 0° and titrated with 0.1x iodine solution. using 5%, starch solution as an indicator. 50.3,
51.0 mg of I consumed 6.49, 6.22 ml of 0.1~ iodine; Found mole equivalent: 1.02 and 0.99 respectively.

b) Inthecasethat IT was dissolved in H,O or in a buffer solution of pH 7.0 hefore titration, 0.4 to 0.7 mole
of iodine was consumed, depending on the experimental conditions, such as solvent system, temperature
and titration time, indicating no distinct titration end point.

¢) 50mg of IT was weighed into a glass—stoppered flask, suspended in 30 ml of H,0, and dissolved
by adding 2 ml of 2~x NaOH. After addition of 15 ml of 0.1x iodine, the solution was acidified with 2 ml
of 2x HCI, and titrated with 0.1~ sodium thiosulfate, Mole of iodine consumed was 1.5. On addition
of 0.1x iodine in this case, yellow precipitates appeared rapidly. Recrystallization from EtOH gave crystals
of mp 120° which decomposed with evolution of iodine. The IR spectrum was identical with that of iodoform.

Titration of IT with 2,6-Dichloroindophenol Sodium. a) Each of the following samples was suspended
in 20 ml of IT,0 at 0° and titrated with 0.01m 2,6-dichloroindophenol sodinum which was standardized with
pure r-ascorbic acid. 6.21 mg, 5.73 mg of II consumed 4.31, 3.81 ml of 0.01m 2,6-dichloreindophenol;
Found mole equivalent: 1.10 and 1.05 respectively.

b) In the case that IT was dissolved in I,0 or in a buffer solution of pH 7.0 before titration, 0.4 to
0.7 mole of 2,6-dichloroindophenol sodium was consumed, according to the experimental conditions as
in the case with iodine,

Titration of IX with 0.1x NaOH Each of the following samples was dissolved in 30 ml of 509, MeOQH.
The molecular weight was estimated as a monobasic acid at the first sharp break on the titration curve with
0.1 NaOH. 30.5, 30.2 mg of IT consumed 1.894 and 1.875 ml of 0.1~x NaQH respectively; Molecular weight:
Calcd. for C;HO;: 158.1. Found: 161.1 and 161.0.

Ozxidation of II with Periodic Acid to Fumaric Acid (VI) 2 g of II was suspended in 10 ml of H,0
and 10 ml of 25% aqueous periodic acid solution was added dropwise at room temperature. A vigorous
reaction proceeded under production of iodine vapor. After standing overnight, separated iodine was
filtered off, and the resulting solution was evaporated to dryness under reduced pressure. The residual solid
was recrystallized from H,0 to give 0.8 g of colorless needles sublimating at about 270°. The IR spectrum
was identical with that of fumaric acid (VI). Anal. Caled. for C,H,0,: C, 41.37; H, 3.47. Found: C, 41.35;
H, 3.45. '

Oxidation of IT with Periodic Acid to 4-Oxo-glutaconic Acid (IV)—1.5 g of finely powdered IT was
added to 50 ml of 3% aqueous periodic acid solution under stirring at — 10° for 30 min. Separated iodine
was filtered off, and the resulting solution was extracted with ether, dried over anhyd. Na,50, and evaporated
under reduced pressure at room temperature. The residual solid was recrystallized from ether to give
0.2 g of IV as yellow needles, mp 125° (decomp.). Anal. Caled. for CsH,05: C, 41.68; H, 2.80. TFound: C,
41.83; H, 2.89.

Titration of IV with 0.1x NaOH: 21.3 mg of IV was dissolved in 30 ml of H,0 and titrated with 2.939 ml
of 0.1 NaOH. There was only one sharp break in the titration curve, but the molecular weight was cal-
culated as a dibasic acid, in the consideration of the elemental analysis result. Molecular weight:Calcd.
for C;H,O,: 144.08. TFound: 144.9.

Reaction of IV with Phenylhydrazine A solution of IV (0.5 g) in 10 ml of H,O was added to 10 ml
of 3% aqueous phenylhydrazine hydrochloride solution. After standing for 30 min at room temperature,
the resulting precipitates were filtered off and dried. Recrystallization from 75% EtOH gave 0.5 g of V as
orange-yellow needles, mp 165° (decomp.). Anal. Calcd. for Cuat1604N,: C, 56.41; H, 4.30; N, 11.96. Found:
G, 56.67; H, 4.51; N, 11.98.

Titration with 0.1x NaOH: The following samples of V in 30 ml of a mixture of dimethylformamide
and H,O (1:1) were titrated with 0.1x NaOIH. The molecular weight was calculated as a dibasic acid. 30.9,
43.2 mg of V consumed 2.570 and 2.723 ml of 0.1x NaOI respectively; Molecular weight: Caled. for C;H, -
O;N,: 234.2. Found: 240,5 and 243.8.

Reaction of IV with Hydrogen Peroxide to Fumaric Acid (VI) 20 mg of IV was suspended in 5 ml
of H,0 and added to 0.3 ml of 30% I,0, at room temperature. A colorless product precipitated rapidly.
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Recrystallization from H,0O gave needles sublimating at 270°. The IR spectrum was identical with that
of fumaric acid.

Reaction of IT with Hydroxylamine Hydrochloride 0.3 g of 1T was suspended in 10 ml of I,0 and
added to a hydroxylamine hydrochloride solution (1 g in 5 ml of H,0) under nitrogen. A clear solution
was obtained in 5 min under stirring, A crystalline product was separated on standing at room temperature
for 1 hr. Recrystallization from 50%, EtOH gave 0.2 g of VII as colorless granular crystals, mp 149° (de-
comp.). The ethanol solution of VII had a blue fluorescence. Anal. Caled. for C;H,,0,N;: C, 32.58; H,
5.01; N, 19.00. Found: C, 32.72; H, 5.12; N, 18.34.

Titration with 0.1nx NaOH: The samples of VII were dissolved 30 ml! of 50% EtOH, and titrated with
0.1n NaOH as a monobasic acid. 50.8, 52.8 mg of VII consumed 2.303 and 2.383 ml of 0.1x NaOH respec-
tively, Molecular weight: Caled. for C;H;ON;: 221.7. Found: 220.6 and 219.4.

Acknowledgement The authors are indebted to the Tokyo Biochemical Research Foundation for
generous support of the work, Messrs. Takehisa Kawaragi and Yasuhito Kawai for their eager cooperation,
and Mrs. T. Tohma and Miss A. Maeda of the analytical laboratory of this Faculty for the analysis.

( Chem. Pharm. Bull,, 18, p.50~54(1970) )
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3.9 A New Reductone derived from p-Gluculonolactone by Alkali. ILD
Further Studies on the Properties of the Reductone

Meut Kawata, Yukiko MizuTani (née NAKAGAWA),
NARIKO SHINRIKL2® MicrHiva KiMura
and Morizo ISHIDATEZY

Faculty of Pharmaceutical Sciences, Hokkaido University®

(Received June 16, 1969)

3-Keto-4,5-dideoxy-trans-4,5-dehydro-glucuronic acid is to exhibit various tautomeric
forms in the solution. The possible tautomerism. in acidic and alkaline medium was
discussed on the basis of polarographic and absorption spectrographic data. Oxidation
of the reductone by oxygen in alkaline solution gave disodium 2,3-diketo-4,5-dehydro-
adipate, while oxidation of the reductone with iodine in acidic solution gave 4,b,6-trioxo-
2,8-dehydro-caproic acid which was isolated as bisphenylhydrazone.

In the preceding paper? the authors described that a reductone isolated from the reaction-
product of p-glucuronolactone with potassium hydroxide has the structure of 3-keto-4,5-
dideoxy-trans-4,5-dehydro-glucuronic acid. It was predicted that the reductone has an ene-
diol grouping in the molecule on account of its strong reducing power and the color reaction with
ferric chloride in acidic solution. In the present polarographic study carried out excluding
air, it was found that the reductone gave a marked anodic wave, thus affording a further
evidence on the presence of an ene-diol grouping. The decrease of anodic wave and the
increase of reduction wave in acidic solution during the time course suggested gradual transfor-
mation of the ene—diol to a a-ketol grouping (Fig. 2). This suggestion was supported by the
absorption spectral data. Thus, in acidic solution, the intensity of an absorption band of the
reductone at 340 mu decreased with an increase of that of another band at 230 mu (Fig. 1-A).
Shift of the absorption band at 340 mu to 390—400 my in neutral or alkaline solution as shown
in Fig. 1-B, C, and D might be due to the dissociation of one of the two hydroxyl groups in the
reductone, and that to 418—420my in the more alkaline solution than 0.1~ sodium hydroxide
solution might be due to the dissociation of the two hydroxyl groups. Furthermore, the
appearance of an absorption band at 280 mu (Fig. 1-E) on the oxidation of the reductone by
oxygen in alkaline solution would account for the formation of 2,3-diketo-4,5-dehydro-adipic
acid (VII).

Oxidation of the reductone by iodine in acidic solution gave 4,5,6-trioxo-2,3-dehydro-
caproic acid (VIII) which was isolated as the bisphenylhydrazone (IX).

Experimental

Ultraviolet and Visible Spectra of the Reductone 1) In Nonaqueous Solvent: The reductone exhibited
a high-intensity band near 340 my and a low—intensity band at 415 mp as shown in Table I.  The intensities
of these absorption bands decreased rapidly on standing in all the solvents used in the experiment even
under nitrogen.

9) In Aqueous Solution: The following buffer solutions were used; 1/15 mole KH,PO,—Na,HHPO, buffer
solutions of pH 5.0---9.0, 1/15 mole Na,HPO,~NaOH buffer solutions of pH 10.0--12.0, 0.1x HCl and 0.1x

1) Part I: M. Kawata, Y. Mizutani, N, Shinriki, M. Kimura and M. Ishidate, Clene. Phayin. Bull. (Tokyoy,
18, 50 (1970).

9) Location: Néshi-6—chome, Kita—12—jo, Sapporo; a) Present address: Government Indusivial Development
Laboratory, Higashi-tsukisamu, Sapporo; b) Present address: National Institute of Hygienic Sciences,
Tamagawayoga—mnachi, Selagaya—~ku, Tokyo.
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Taste 1. Absorption Spectra of the Reductone in Nonaqueous Solvents

Solvent lmax, 0 (&) ’ Amax, mu (&)
Acetone 343 (33200) 415 (400)
Ethylacetate 345 (41700) 415 (500)
Methanol 345 * *

Ethanol 345 (355600) 415 (600)
Dioxane 338 {25900), 349 (27600) *
Pyridine 356 (31700) *

All absorption spectra were obtained in 45 sec. after dissolving I in solvents.
* Too rapid decrease in absorplion band.

NaOH. 1.0 mg of the reductone was dissolved in 1.5 ml of MeOH, diluted to 100 ml with a buffer solution
for the measurement of the absorption bands at 230 and 346 mu (A and B in Table II) in acidic solution,
and to 50 ml with a buffer solution for the absorption bands at 220, 280 and 400 myu (C, D and E in Table IT)
in alkaline solution. The absorption spectra measurements were carried out on Hitachi Recording Spectro-
photometer EPS-3T.

In 0.1~ HCI and buffer solutions of pH 5.0, 6.0 and 7.0, two absorption bands were observed: a high~
intensity band at 339—342 myu decreased rapidly while a low—intensity band at 230 my increased (e=5200
in 0.1~ HCI after standing at room temperature for 24 hr) under both nitrogen and air. The case of 0.1n
HCl is shown in TMig. 1-A. In the more alkaline solution than pH 7.0, another band at 400—420 my was
observed. This band was more weak than a band at 340 mu at pH 7.5 (Fig. 1-B), which was observed as a
shoulder of the band at 400 my at pH 8.0 {Fig. 1-C). In the more alkaline solution than pH 9.0, the reductone
produced a band at 280 mp, which did not appear under nitrogen (Fig. 1-D) together with the decrease
of the bands at 400 mu and 220 mu under air (Fig. 1-E). The band at 400 mu in buffer solutions of pH
7.0—12.0 shifted to 418 my in 0.1n NaOH, The effect of pH on the five absorption bands is shown in Table
II.

TasLe . Effect of pH on Absorption Maxima of the Reductone

Amax, TN
Absorption
band pH
0.1xHCl 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 0.1y NaOH
A 230 230 230 230
B 339 340 340 342
C 220 220 220 220 220 220 220
b 278 280 280 280 280
E 390 393 395 395 395 400 418

Polarography of the Reductone 5.0 mg of the reductone was dissolved in 25 ml Mcllvain buffer
of pH 3.0 and 5.0, and nitrogen was bubbled for 12 min at 25+0.2°. The polarograms were obtained on
Yanagimoto Pen-recording Polarograph Model P-B4 (at D=1, 5=0.080 uA/mm). The results are shown
in Fig. 2 and Table III.

Preparation of Disodium 2,3-Diketo-4,5-dehydro-adipate (VII) After bubbling of oxygen through
4.8 ml of 0.2~ NaOH for 5 min, a solution of the reductone (50 mng) in 5 ml MeOH was added, and the bubbl-
ing was further continued for 20 min at 0°. Then, pH of the solution was adjusted to 7.0 by addition of
Amberlite IR-120 (H*). After filtration of the ion exchanger, the resulting pale yellow solution was con-
centrated to 2 ml under reduced pressure at 30°, and 10 m! of EtOH was added, and again concentrated
to 8 ml. Yellow precipitates were filtered off after standing for 2 hr at 0°, washed with EtOH, and dried
to give VII, decomp. 95—97°. Anal. Calcd. for CgH,O¢Na,: Na, 21.28, Found: Na, 21.54.

Reaction of 4,5,6-Trioxo-2,3-dehydro-caprpic Acid (VIII) with Phenylhydrazine 4 ml of 1x iodine
solution was added dropwise to a solution of the reductone (300 mg) and CH,;COONa, (600 mg) in 3 ml MeOH
at 0°, then 1 ml of phenylhydrazine was added under stirring. The resulting gum was washed with EtOH,
and the reaction product hardly soluble in EtOH was obtained as red crystals, decomp. 1564—155°. Anal.
Calcd. for C,gH,,O,N,: C, 64.27; H, 4.80; N, 16.66. Found: C, 64.21; H, 5.13; N, 16.49.
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Fig. 1. Absorption Spectra of the Reductone under Nitrogen except E

A: in 0.1% HCl (—~——: 45 sec, — » —: 30 min, —.—: 210 min, =----—-: 23 hr),

B: in solution of pH 7.5 (—-—: 2 min, — + —: 3 min, —«+—: 6 min, =--------: 9 min),
C:

D
E

in solution of pH8.0 (~———: 2 min, — + —: 3 min, —-«.—: 6 min, ~---; 14 min),
in solution of pH 10.0 (——: 46 sec, —+ —: 1 min, —-+—: 2 min, --------: § min),

: in solution of pH 10.0 under air (———: 45 se¢, — + —; L.5 min, —«+«—: 2.5 min,
--------- : 30 min)
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Fig. 2. A: Polarogram of the Reductone under Nitrogen in the Buffer Solution
of pH 5.0; B: Time Course of the Polarographic Wave Hights

1: anodic wave, 2: first reduction wave, 3: second reduction wave
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TasrLe III. Half—-wave Potentials of the Reductone in the Buffer

Solutions of pH 3.0 and 5.0

El% (Volts) vs. S.C.E.

pH Oxidation wave Reduction

First wave Second wayve
3.0 +0.05 —0.73 —1.05
5.0 —0.10 —0.89 —1.16

Resulis and Discussion

On the Structure of the Reductone in Acidic Solutions

The reductone has an absorption band at a longer wave length (s 340 mu in acidic solu-
tion and Am. 338—356 myu in nonaqueous solvents as shown in Table I and II) than that of
L-ascorbic acid (Auw 245 mu at pH 2.0 and Amx 265 mp at pH 6.4)® and triose reductone,
HCO-C(OH)=CH(OH) (Avax 266 my in acidic solution and Am. 810 mu in alkaline solution).
The assignment of the absorption band at 340 mpy to formula (I-A) or (I-B) is supported by the

HCOH HCO HCOH HCO
tou COH cou Con
¢o o _OH" | co CoH
i e — ! D i
cu CH e CH CH
He HC He HC
toon coot Coo- ¢oo-
T-A I-B I-A T-B
VARV ARN OR- [[ 1+ OH- [+
—_— —_——
CHOH HCO  HCO HCOH — HCOH BCO  HCO
co HOOH O con  Co- Eo- COH
<::0 ¢o H:COH ¢o (::o ¢0H c'j':o—
CH CH CH CH CH CH CH
E0oH toor  COOH too-  too- too-  too-
1-C D I-B M-A M-B -C -D
a7 N
OH—HH+ OH‘HH+
COO- ¢ HCO N HCO- HCO
co co co- to-
co co — o —_, o
CH eH CH CH
H('I': H(I[IZ H¢ H¢
Eoo- L oo ) ¢oo- too-
u v V-A -8B
Chart 1

3) P. Karrer, H. Salomon, R. Morf and K. Schopp, Biochem. Z, 258, 8 (1933); G. Carteni, Helv. Chim.
Acta, 21, 1031 (1938).
4) H. von Euler, H. Hasselquist and G. Hanshoff, Z., Naturforshg., 86, 636 (1953).
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known relation between structure and location of the absorption maximum, that is, a com-
pound containing a conjugated dienone substituted with two hydroxyl groups would have
a calculated absorption band at 3833 mp in ethanol.?)

On the other hand, the decrease in the polarographic anodic wave of the reductone in a
solution of pH 5.0 in Fig. 2 as well as pH 3.0, accounts for the change of ~C(OH)=C(OH)-in
I-A or I-B to a -CO-CH(OH)- grouping in acidic solutions on standing. This fact is consistent
with the result obtained on the titration of the reductone with iodine and 2,6-dichloroindo-
phenol sodium as mentioned in the preceding paper. The decrease in the first reduction
wave and the increase in the second reduction wave correspond to the change of a more easily
reducible conjugated dienone grouping in I-A or I-B to a less easily reducible carbonyl group in
I-C, I-D or I-E as shown in Chart 1. In consideration of tautomerism, formulas (I-C, D and E)
are possible in acidic solution as in the case of methylreductone.® The presence of I-D is
supported by the fact that the reductone reacted with three moles of hydroxylamine in acidic
solution as reported in the preceding paper.’ The increase in the intensity of the absorption
band at 230 my (band A in Table IT) in acidic solutions might be ascribed to the transformation
of T-A or I-B to I-C or I-D, not to I.E, in comparision with ethyl 4-oxo-2-pentenoate (Auex
220 my, log e=4.1 in EtOH)? and 3-0x0-6,7T-secocholest-4-ene-6,7-dienic acid (Amx 236 My,
log ¢=4.0 in EtOH),® pKa,;=3.1 and pKa, =7.0 for the reductone were obtained by the
titrimetric method. The former corresponds to the carboxyl group of the reductone in com-
parision with fumaric acid (pKa,=3.0, pKa,=4.1) and 4-oxo-glutaconic acid (pKa,;, pKa,=
3.2). On the complete transformation of (I-A or B) to (II-A or B) in a solution of rH 5.0, no
shift was observed in absorption maximum as shown on band B in Table II.

On the Structure of the Reductone in Neutral and Alkaline Solutions

Bathochromic displacement by 60 mu on absorption maximum of the reductone between
e 400 my (band E in Table II) in alkaline solution and Zwex 340 mu (band B in Table II)in
acidic solution, is in good agreement with the displacement by 44 my in the case of triose re-
ductone due to the dissociation of its ene-diol grouping in alkaline solution. pKa,=7.0 for
the ene-diol grouping of the reductone obtained by the titrimetric method is also compatible
with the result from the absorption spectral data that the concentration of the reductone re-
presented in formulas (IT-A and B) is nearly identical with that in formulas (III-A to D) in
solution of pH 7.0. In 0.1x NaOH and in the more alkaline solutions, the reductone has an
absorption band at Ams 418 to 420 mu (band E in Table II), and then might exist in formula
(IV-A) or (IV-B). In the more alkaline solution than pH 8, the absorption band at 280 mpu
(band D in Table 1I) increased under air, not nitrogen, as shown in Fig. I-E, on account of the
oxidation of (IV-A or B)to VI. Disodium 2,3-diketo-4,5-dehydro-adipate (VII) which has
an absorption band at 280 my in alkaline solution, was isolated by the oxidation of the reduc-

COONa HCO H(|3=NNH‘< >
I —_—
O O C=NNH—< \>
(IIO — the reductone —_— cO —_— (1:0 S
|
i
« G
| HC He
COONa vy COOH COOH K
Chart 2

5) I.F. Fieser and M. Fieser, “Natural Products Related to Phenanthrene,” 3rd ed., Reinhold Publishing
Corp., New Yorl, 1949.

6) G. Hesse and H. Stahl, Chent. Ber., 89, 2424 (1963).

7y S. Raymond, J. Am. Chem. Soc., 72, 4304 (1950).

8) L.F. Fieser, J. Am. Chem. Soc., 75, 4386 (1951).
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tone with oxygen in aqueous methanol solution of NaOH. The reductone was oxidized to
VIII by iodine in acidic solution. Treatment of VIII with two moles of phenylhydrazine gave
bisphenylhydrazone which was assumed to have formula (IX) as shown in Chart 2. -

Acknowledgement The authors are indebted to the Tokyo Biochemical Research Foundation for
generous support of the present work, Messrs. Takehisa Kawaragi and Yasuhito Kawai for their eager coopera-~
tion, and Mrs. T. Tohma and Miss A, Maeda of the analytical laboratory of this Faculty for the analysis.

[Chem. Pharm. Bull., 18, p. 50~54(1970)]
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Fig. 2 Calibration curves.

(O—: Stearic acid-paraffin standard
sample.

-=-(--: Sucrose-graphite standard sample.
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Table 1 Elemental composition of samples
of NGS series

Sample | Atomic ratio of H to C+0O wy
NGS I 0.28 0.023
I 0.47 0. 039
il 0,62 0.0b2
v 0.72 0. 060
0"0\
B
s NGS I | NANGS T
= —aof
&
i
| L
1.0 2.0
Density
Fig. 3 Dependency of relative error on den-
sity of sample (ID.
©: Standard material.
@: Mixtures of sucrose and graphite
(O: Mixtures of naphthalene, graphite

and sucrose.

—10

Relative crror {(27)

—
-
]

Density
Fig. 4 Dependency of relative error on den-
sity of sample ().
1: Cetyl alcohol, 2: Stearic acid, 3: Chole-
sterol, 4: Dimedon, 5: Diphenylacetic acid,
6: Triphenylcarbinol, 7; Tetrahydronaphthol,
8: 2,5-dimethylphenol, 9: a-naphthol, 10:
Benzoic acid.
©: Standard material.
@ Samples of NGS and mixtures of su-
crose and graphite.
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Degree of dilution n (times)

Fig. 5 Relative density of a mixture as a
function of degree of dilution n.
@a+z: Density of a mixture of A and B.
Oa> 0z Density of each of A and B.
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Table 2 Determination of oxygen in pure compounds at the use of

different sample preparations

Caled. Undilution method Dilution method Degree of dilution
Materials
o Found Rel. error Found Rel. error .

O 0% @G| oW %) (times)
Stearyl alcohol 5.91 6.16 4 5.95 0.68 4
Tetrahydronaphthol 10. 80 9.72 —10 10. 87 0.65 7
a-naphthol 11-10 10.03 -10 10. 88 —1.98 7
2,5-dimethylphenol 13.10 12.18 -7 13.09 —0.08 8
Benzoic acid 26,20 23.34 —11 26.67* 1.76 15
a-naphthoaldehyde 10. 24 (— 6) 10. 43 1.86 7
Anisole 14.80 (—-Z)| 14.71 —0.60 8

* Benzene was used as a solvent in preparing the diluted benzoic acid sample. (cf. Section 3-1-2)
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Abstract

14 MeV Neutron Activation Analysis of Oxygen in
Organic Substances by the Use of a Dilution
Technique with Solid Paraffin

Katsumasa YABE, Shigeru UEDA, Yoshihisa HASEGAWA
and Toshio SATO

Government Industrial Development Laboratory, Hokkaido

The investigation has been carried out to find a proper sample preparation and a
proper standard material for accurate determination of oxygen in organic Substances
by fast neutron activation analysis, wherein a serious systematic error due to B-ray
self-absorption is always in problem. It was confirmed from the present work that the
error mainly depended on the difference in density between a sample and a standard
material and that it was effectively climinated by using a mizture of stearic acid and
solid paraffin as a standard and also diluting the sample with solid paraffin. For most
of organic samples, eight times dilution was found to be enough to lower the relative
systematic error down to 2%. (Received November 22, 1971)

RADIOISOTOPES, 21
p. 80-85 (1972)
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Table 1 Results on the determination of oxygen in pure substances

by neutron activation method (paraffine method)

Substances Oxygen (%) Error (%%)
Theoretical Experimen;al Meanyermr Relative er;or
Stearyl alcohol 5.91 5.95 +0.04 +0.7
Tetrahydro naphthol 10. 80 10.87 -+0.07 +0.7
Naphthol 11.10 10.88 —0.22 —2.0
Naphtho aldehide 10.24 10.43 +0.19 +1.9
2, 5-dimethyl phenol 13.10 13.09 —0.01 —0.1
Anisole 14. 80 14.53 —0.27 -1.8
Benzoic Acid* 26. 20 26. 067 +0.47 +1.8
* Benzene-paraffine method
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Table 2 Results on the determination of oxygen in pure substances

by neutron activation method (graphite method)
Oxygen (%)

Substances

Cholesterol
Antipyrine
Acetanilide
Benzoin
Anthraquinone
Benzoic acid

(Guaiacol carbonate

Error (%)

Theoretical

4.14
8.50
11.84
15.08
15.37
26. 20
29.17

Experimental Mean error Relation errot

4.14 0 0

8.33, 8.70 +0.20 +2.4
11.84 0 ]

15.38 -+0.30 +2.0
15.70 +0.33 +2.2
25.87 —0.33 —1.2
28.54 —0.63 —2.2

Table 3 Results on the determination of oxygen in pure substances

by combustion method

Substances Oxygen (%) Error (%)
Theoretical Experimel;tal Mean/61101 Relative e;\lor

Cholesterol 4.14 3.47 —0.67 —16.2
Antipyrine 8.50 8.32 —0.18 — 2.1
8-Hydroxy quinaline 11.02 10. 98 —0.04 — 0.6
Acetanilide 11.84 12.01 +0.17 + 1.4
Benzoin 15.08 15.07 —0.01 — 0.1
Anthraquinone 15. 37 15.23 —0.14 — 0.9
Benzoic acid 26.20 26.17 —0.03 — 0.1
Guaiacol carbonate 29.17 29.18 +0.01 0

p-Nitro phenol 34.70 35.34 +0.64 + 1.8

Table 4 Results on the determination of oxygen in pure substances
by pyrolysis method
Substances Oxygen (%) Error (%)
’I‘hleoretical Experimen\tal Mean error Relative error

Cholesterol 4.14 4.52 4-0.38 +9.2
Acetanilide 11.84 11.97 +0.13 +1.1
Benzoin 15.08 14.80 —0.28 —1.9
Benzoic acid 26.20 25. 20 —1.00 —3.8
Guaiacol carbonate 29.17 28. 26 ~0.91 —3.1
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Table 5 Determination of oxygen in coal hydrogenolysis products
by three methods

Sample Reaction Neutron activation method Combustion method Pyrolysis
No time (min) rPreparation Calibration Oxygen C'arbon Hydrogen Nitrogen Sulfur Oxygen method
of sample  curve % # (%) @) G5 Omygen
508-0-1 26 Pa St-Pa 3.14 85.5 9.8 0.2 0.1 3.7 3. OD
509-0-1 55 Pa St-Pa 2. 47 85.6 9.8 0.6 0.1 3.9 2.7
502-0-1 67 Pa St-Pa 2.02 86.2 9.3 1.0 0.1 3.4 2.2
505-0-1 83 Pa St-Pa 3.20 85.9 9.6 0.9 0.1 3.5 3.0
507-0-1 118 . Pa St-Pa 2.44 86.3 9.5 0.8 0.1 3.3 2.6
504-0-1 146 Pa St-Pa 2.32 86.3 9.4 0.7 0.1 3.5 2.4
506-0-1 178 Pa S5t-Pa 2.47 86.2 9.1 1.1 0.1 3.5 2.8
503-0-1 206 Pa St-Pa 2.20 862 9.2 0.9 0.1 3.6 2.3
508-0-2 26 Be-Fa St-Pa 3.39 87.1 7.6 1.3 0.3 3.7 3.4
509-0-2 55 Be-Pa St-Pa 3.56 86.2 7.7 1.6 0.4 4.1 3.2
502-0-2 67 Be-Pa St-Pa 3.11 86.0 6.8 1.8 1.7 3.7 3.1
505-0-2 83 Be-Pa St-Pa 3.17 87.6 7.6 1.6 0.4 2.8 3.1
507-0-2 118 Be-Pa St-Pa 3.03 88.0 7.4 1.9 0.6 2.1 3.0
504~0-2 146 Be-Pa St-Pa  2.80, 2.88 87.5 7.0 2.1 0.9 2.5 3.0
506-0-2 178 Be-Pa St-Pa 2.29 88.2 7.2 1.9 0.5 2.2 2.3
503-0-2 206 Be-Pa St-Pa 3.22 8.5 1.1 2.0 0.8 2.6 3.1
508-A 26 Gr Co-Gr 3.60 87.2 6.5 1.5 0.2 4.6 4.4
509-A 55 Gr Co-Gr 3.52 86.8 6.5 1.6 0.2 4.9 4.1
502-A 67 Gr Co-Gr 2.87 87.9 5.8 2.0 0.2 4.1 3.1
505-A 83 Gr Co-Gr 3.59 87.6 6.4 1.6 0.2 4.2 3.6
507-A 118 Gr Co-Gr 3.39 88.0 6.2 2.1 0.2 3.5 3.6
504-A 146 Gr Co-Gr 2.69 87.4 5.8 2.0 0.1 4.7 2.9
506-A 178 Gr Co-Gr 2.60 88.1 6.0 2.2 0.2 3.5 2.9
503-A 206 Gr Co-Gr 2.51 87.8 5.8 2.0 0.2 4.2 2.8
508-Py-1 26 Gr Co-Gr 8.28 81.4 4.8 2.3 0.5 11.0 8.2
509-Py-1 55 Gr Co-Gr 6. 03 85.7 b.2 1.9 0.3 6.9 6.0
502-Py-1 67 Gr Co-Gr 3.75 88.1 4.9 2.3 0.4 4.3 3.8
505-Py-1 83 Gr Co-Gr 5.07 86.3 5.5 2.1 0.3 5.8 5.5
507-Py-1 118 Gr Co-Gr 5.74 86.8 5.2 2.0 0.2 5.8 5.0
504-Py-1 146 Gr Co-Gr 3.95 82.8 5.0 2.1 0.2 9.9 3.7
506-Py-1 178 Gr Co-Gr 4.32 87.1 4.9 2.3 0.2 5.5 4.0
503-Py-1 206 Gr Co-Gr 4. 26 87.7 5.1 2.3 0.3 4.6 4.2
508-Py-2 26 Gr Co-Gr 9.76, 9.43 81.5 4.7 2.2 0.5 11.1 9.6
509-Py-2 55 Gr Co-Gr 8.06 85.4 4.6 2.1 0.5 7.4 8.4
502-Py-2 67 Gr Co-Gr 6.50  84.5 4.6 1.9 0.5 8.5 6.6
505-Py-2 83 Gr Co-Gr 7.74 81.8 4.8 1.7 0.7 11.0 8.2
507-Py-2 118 Gr Co-Gr 8.17, 8.21 80.4 4.9 1.8 0.7 12.2 8.5
504-Py-2 146 Gr Co-Gr 7.38 81.1 4.9 1.9 0.8 11.3 7.4
506-Py-2 178 Gr Co-Gr 6.49 83.7 4.6 1.8 0.5 9.4 7.0
503-Py-2 206 Gr Co-Gr 5. 50 85.4 4.6 2.1 0.3 7.6 5.4
Petroleum fraction
Straight asphaltene Re-Pa St-Pa 0.51 84.1 10.2 0.6 4.2 9 -
Blown asphaltene  Be-Pa St-Pa 1.09  84.5 10.3 0.6 3.3 1.3 1.2
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Analysis of the Chemical Structure of Coal by Means of
Investigation on the High Pressure
Hydrogenolysis Reaction Mechanism

——Oxygen Content Determination of High Pressure
Coal Hydrogenolysis Products by Fast
Neutron Activation Analysis——

by Shigeru Ueda, Yoshihisa Hasegawa, Yousuke Maekawa,
Shinichi Yokoyama, Katsumasa Yabe, Yuji Yoshida
& Toshio Sato

(‘The Government Industrial Development Laboratory, Hokkaido) “

SYNOPSIS : -High resolution NMR spectroscopy and other physical methods have leen
used for the study of the chemical structure of coal with the aid of chemical ultimate
analysis by the conventional combustion method (JIS) and pyrolysis. However, a more
precise ultimate analysis with special reference to oxygen is necessary in order to obtain
a truly accurate determination of the chemical structure of coal. In the present report,
a discussion was made on the precision of the fast neutron activation analysis for the
determination of oxygen content of high pressure coal hydrogenolysis products. The foll-
owing conclusions were obtained.

(1) A relative error of 295 was achieved by the present neutron activation analysis
using gold as the internal standard and solid paraffine and graphite as diluents. Tt
was demonstrated that the method is applicable in the determination of more than
0.2 mg of oxygen in a sample of 200 mg.

(9) The relative error of the pyrolvsis method was found to be 1~9% depending on
the level of oxygen content in the samples. This method is applicable to samples
containing more than 1,0% of oxygen.

(3) Oxygen content determined indirectly by the combustion method results in a ge-
nerally overestimation because of incomplete combustion of the samples used in our

present work.

(#kH23E 50, p.930~937(1971))
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Table 1 Ultimate analyses of sample coals
Ultimate analysis (%, d.a.f.)

Sample coals
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Teshio 69.3 55 1.5 0.4 23.3
Taiheiyo 73.9 5.9 1.1 0.1 19.0
Horonai 79.9 5.2 09 0.4 13.6
Ashibetsu 80.1 5.0 1.3 0.5 13.1
Utashinai 81.8 6.3 1.7 0.7 9.5
Yubari 8.7 59 1.3 0.2 6.9
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Fig. 1 Relationship between relative humi-
dity and moisture of coals
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Table 2 Measurement of ashing temperature
by using melting point of pure sub-

stances

Substances

Melting

point

Result at R.F.
power levels

—_

CO 900w 600w 200W

+ o+ 4

+ 4+ o+

Bx Table 2 177 L, EAMEMEA 900W (150W/
Chamber) D& 34K OELE—E (m.p. 300°C)
BT 20, 427 VB Y T A (m.p. 287°C)
REFTTWB 0T, R{ILKORE T % 287°~300°C
QPN HB L O LHRINE, EEKHS 600W
OEEREREIC UTIRIKIBEE T i 247< T<261°C,
200W oiE4 147° < T'<168°C LEET X, ikl
BETHBZLNbM5,
3-1-2 HEEHAB X IR F 0SB i R
B 5
RRIRAL&TT 72 556, SMEONMEPIE ER S
HEE et i, BaoMIiresT VB &
L, TR~ Rl o4k Fl 48K %
RO L, A OEBERINC ST 2 RIR
7o :va%%’fé: LTHWE-OE, BHE A0,
YEF AT, Rmwt MThY, KIBOBITMIKR
FiC 20% FERA L. FE % Table 3 TR L7z,

Table 3 Results of low temperature ash yield (LTAY) by using

carbon-mineral mixture

FeCly (Anhydrous) 300
NaSCN 287
LiNO, 261
SnCly (Anhydrous) 247
KHSO, 210
NpCls 194
Mannitol 168
p-Nitroaniline 147
Benzoicacid 122
4+ : Melte, — : No melte
. Mineral in

Mineral mixture

(% dry)

Shale 20.09

Kaoline 20.16

Bentonite 20.17

Dolomite 19.99

BT HI 900W &

B

LTAY (9% dry)
—_—
900W 600W
19,87

19 72 20.10
19.84

20 05 20.15
19.73

19.70 20.16
19.97 20.00

M, FA Y, R b A bOWTRL KIS

BRI Y L LTS, 600W T,
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B/A %100 ., Ashing time
(%) (hr)
900W 600W 900W 600W
93.5 100.1 9 15.5
98.9 100.0 9 13.5
97.8 100.0 9 13.5
99.9 100.1 9 15.5

P HH 900W T3 300~350°C (CTE S % b D FeEL L —
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LTAZ200W of mixture
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Differential temperaiure

O A0 L6060 800 1000
Temperature (°C)

Fig. 2 DTA curves of shale and carbon-shale

mixtuer’s LTA
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Results on the determination of
oxygen in mineral and LTA* of
carbon-mineral mixture (8:2) by
neutron activation method

Oxygen (%, dry)

Table 4

Shale XKaoline Bentonite Dolomite
Mineral 50.0 50.5 54.9 53.7
LTA 900W 50. 8 50.2 54.6 53.7

* Low temperature ash

Table 5 12, Hihe~u baA MZoWTEK
1o s
D, G00°C Tt
i bk, FiLASEH
GBS

Eh7z ’”*VJJ\J’GT PERESE D 7E ii’i'ﬁ'é & 3’—%5&
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Table 5 Results on the delermination of
oxygen in mineral and LTA of
carbon-mixture (8 : 2) by pyrolysis
and thermobalance method

Oxygen (%, dry)

Shale Bentonite
Pyrolysis ther.ba. Pyrolysis ther.ba.
Mineral 3.0 4.0 2.8 3.0
200W 3.4 3.9
LTA { 600W 3.3 3.9 3.0 3.0
900W 3.0 3.9 2.8 3.0

Ll b BEA S A X510 200~E00W iR 03%\,"{4;
W 7T F A O SR SRR KA 4T
T, B R I T B A S e s, A,JT
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Table 6 Comparison of ash content from proximate analysis with that
by the low temperature ashing method

) LTA 600W LTA 200W
Sample coals (52 Sillfy) Ashingtime LTA . Ashing time ~ LTA .
e (of deyy LTA/Ash 0, (o dryy  LTA/Ash
Teshio 18.2 80 20.06 1.13 100 20.5 1.13
Taiheivo 3.8 120 10.5 1.19 120 10,8 1.22
Horonai 19.7 11 22.9 1.16 45 22.9 1.16
Ashibetsu 26.0 11 29.7 1.14 45 30.0 1.15
Utashinai 24.8 41.5 28.0 1.13 37 27.8 1.12
Yubari 5.5 10 7.9 1.44 v 7.8 1.42

#*  Ash from Proximate analysis
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Fig. 4 DTA curves of imperfect LTA and
coal-dolomite mixture
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Fig. 5 Relationship between relative humi-
dity and moisture of LTA

LTA%(dry coal basis)
= LTA mea(100-LTA 1noi) /(100-Crnot) (1)
T Z T LTAmea : {BIRRS GREME %)
LT Awmor : {ERIRKH oA (%)
Cmoi * ARAKRS (%)

FpeRE & b RIRIR DI S Bk H 23 600W T %
200W CH D 5200, KRERIEEBES Iz vy,
IHRKEEROFRLEEY? ofhn S HESR D,

FEIRIR & RIEIK E OISR O H i —ixiic L 1~1. 20
BRI HBNR, YERBFICRKESWERZRLTHWED
IREBBEDE W TH D I LA, REMERIC L3
SR G ML AT,

33 ARPTOFEHEREOEE

ARPOFEBEE L RIOCRT HETRO . £
ARPOLBE Y 2HOBEBREMITHET 5. &
ST CriaE R (A) LEEmE (B) ofds
ROLID, ElBGEECIIEHBRRE (A) LEH
B O CA L TR S ha Bk (BY) ofasilE
END . WNTIREIR{LIZ X 0 B R OEWE & 251k
SEFICHEEL, KEKE L, ToBBE&EETS,
e T T (B) 23:k® b nBuMEE ik (BY)
nake b s, WIS BERIE R AT T (A
+B)—(BY=A, #fFETI (A4+BH—(BH=(A)
Ligh, WMEFER—HKTBHIEFTHS,

331 FARPOSBFEOEE

Wb Ris X OB RIC L - THRRT Ol
BEME Lz, SOROMmEREY Table 7 2R Lz,
ABIRE L7 b0 EHNTWE DT Fig. 1 55 k5
R, AR LYV ADOBELZLT, MAS—20T
Lis

Odry% = (Omea—16.0/18. 0% Cmor)
100/ (100-Crppoi) - +eeeerecrremmeeememeneons (2)
227G, Oary : PEEE (EARAN—2 %), Omea:
FEIEE (K&~~~ %) Cmoi : AR

Table 7 Results on the determination of
oxygen in coal by two direct method

Oxygen (%, dry)

Sample coals

Smivation  Pyrolysis
Teshio 28.9 20.0
Taiheiyo 20. 8 17.3
Horonai 20.3 10.7
Ashibetsu 20. 2 8.8
Utashinal 19.7 7.0
Yubari 3.2 6.6
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Table 8 Results on the dtermination of
oxygen in LTA by two direct method

Oxygen (% dry)

Neutron activation

LTA LTA LTA LTA
200W  600OW 200W  600W

Sample coals Pyrolysis

Teshio 51.6 51.0 9.3 9.8
Taiheiyo 51.5 51.9 16.9 17.0
Horonai 50.1 50.7 9.0 9.5
Ashibetsu 47.5 477 8.8 8.5
Utashinai 50.4 3L.0 5.9 6. 4
Yubari 44.9 47.5 23.7 23.5
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Table 9 Results on the determination of
organic oxygen by low temperature
ashing method

Oxygen (%, d.m.f)

Neutron activation  Pyrolysis

LTA LTA LTA LTA
200W  GOOW 200W  600W

Sample coals

Teshio 23.0 23.2 22.8 22.7
Taiheiyo 17.1 17.1 17.4  17.4
Horonai 11.5  11.3 1.2 11.0
Ashibetsu 8.5 8.6 8.9 9.0
Utashinai 7.9 7.5 .5 7.2
Yubari 5.1 4.8 52 51

KBTI LNTES,
FERREREE LT, 7 o Bl SRR L
BT X 0 G HEIRSE & L7zfE 5% & Table 10
WoR Lize BRERAUVEIESREHY 5g 20 20 2 m20%7k
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Table 10 Results on the neutron activation
analysis of oxygen in Utashinai
coal treated with each HF and HCl

Number of

: Moistur A <
times of - MOSNE M e b i
1 2.4 4.3 8.4
3 2.3 2.0 7.4
4 2.9 1.4 7.4
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5. o> Foe

Table 11 iz Table 1 oI L Dk S H
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Table 11 Comparison of the present method with the conventiona! ones

Ultimate anlysis (%, d.m.[)

Sample coals

C H N
Teshio 71.7 5.7 1.5
Taiheiyo 76.6 6.2 1.1
Horonai 84.0 5.5 0.9
Ashibetsu 35.1 5.3 1.4
Utashinai 85.4 6.7 1.8
Yubari 88.1 6.1 1.¢

3 Ol Of ™0, Ol ~Ouve
0.4 20.7 —2.3 0.3
0.1 16.0 11 1.9
0.4 9.2 —2.1 2.6
0.6 7.6 —1.2 4.1
0.7 5.4 2.1 2.3
0.2 4.3 —0.8 1.8

*10qve : Average value of oxygen by LTA method (Table 9)
#2041 . Oxygen by difference (d.m.f. coal basis)

diff

#3043f . Oxygen by difference (d.a.{. coal basis, Table 1)

diff
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Accurate Determination of Organic Oxygen in Coal

by Yoshihisa Hasegawa, Shigeru Ueda, Yosuke Maekawa & Toshio Sato

(Government Industrial Development Laboratory, Hokkaido)

SYNOPSIS : — Determination ol organic oxygen in coal is specially important for
advanced utilization of coal. However, the direct and indirect analyses conv entionally
used are not always reliable presumablly because of the thermal decomposition of ash in
coal in the processes of the analvses. The present investigation has been carried out to
establish an accurate detormination of organic oxygen in coal by using a low lemperalure
asher which has recently been developed.

A TPC model 1101 plasma asher was used for this purpose and the fast neulron
activation analysis and the (hermal decomposition method were used for the determination
of oxygen content. Firs, several clay minerals and their mixiures with pure carbon
were treated in a stream of oxygen plasma in a total high frequency power range between
200 and 900 watt for six sample chambers. The reaction temperatures were deduced by

checking melting poini of pure substances in amples under the similar reaction

ronditions.



(134)

From these results and also results on the differential themal and the products, it
was conclusively found that the oxygen flow rate of 600 ml/min and the high frequency

power of 600 watt were most suitable for complete oxidation of organic matter without
producing the thermal decomposition of ash in coal and organic oxygen content of coal

was accurately determined as the difference beween the total oxygen content of coal and

the oxygen content of ash in the coal.

(#EHA S, 52, p,917~925(1973))
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4-5 Determination of Trace Fluoride lon in Contaminated
Water by 14 MeV Neutron Activation Analysis

Katsumasa YABE, Yoshihito TAKAHASHI and Toshio SATO

Government Industrial Development Laboratory, Hokkaido,
41-2 Higashi-Tsukisamu, Toyohira-ku, Sapporo
Received November 27, 1972

The determination of trace Huorine in contaminated water has been investigated
by combining a concentration technique with the fast newtron activation analysis utiliz-
ing the reaction of “F(n, 2n)F. i

An amount of 1% AgNO, solution was added to one liter of sample water to
remove Cl™ as AgCl. The filtrate was dropped through a column of 5mi Dowez-2X
anion exchange resin of acetate type. The resin was washed, dried and packed in a
polyethylene capsule of 3 ml capacity. .Three samples prepared in this way and one
monitoring sample (CaF;) were simultaneously irradiated by a neutron beam <with the
Slux of 5§X10°~IX 10" nfsec Sfor 20min. They were cooled for 100 min and the radioac-
tivity of 0.511 MeV y-photopeak from each sample was successively counted for 10 min.

Fluoride ion at the level of 1ppm was found to be determined without any inter-
ferences due to coexistent ions in water sample by the present analytical procedure.

1. Introduction

Determination of trace fluorine in river
and industrial waste water is of special im-
portance for the environmental problem of
today. Fluorine is, however, one of the
elements difficult to analyze; although vari-
ous spectrophotometries have been propos-
ed?~®  complex and tedious. pretreatments
including steam distillation are often re-
quired to isolate fluorine from water sam-
ples. Recently, a fluoride ion-selective elec-
trode has been developed?. However, since
it does not respond to complexed fluoride
ions, direct determination of total fluoride
ion concentration of water sample is im-
possible, unless the concentration of coexist-
ent cation such as Fe’* or A3+ is known®~9 .
Some pretreatments will hence be required
to avoid this difficulty. It has been also
well known that the fast neutron activation
analysis is useful for the direct determina-
tion. However, it is available only for
limited cases, i.e., for the analysis of drink-
ing water'®, mineral ores'V and pure organic
substances!®,

Such a situation led us first to investigate
an internal standard method utilizing the
reaction “F(n, p)®O (E, 0.2 MeV, half-life
29sec), which was better in rapidity and
sensitivity than the reaction YF(n,2x)"F
(B*-annihilation radiation 0.5! MeV, half-life
110 min). However, as alréady pointed out
by England, et al.’?’, the former was unsuit-
able for precise analytical use because many
other nuclides gave serious interferences on
account of the back scattering as well as
the Compton scattering of 7y-rays from their
activation products. The investigation was
hence set forward to the establishment of
the determination of fluoride ion at a level
of Ippm in seriously contaminated water
by combining a fast neutron activation anal-
ysis utilizing the latter nuclear reaction
with a sample pretreatment required to
eliminate the interference in the direct ac-
tivation.

2. Activation analysis

2-1 Apparatus and procedure
A Toshiba ACTIVAC, a 14 MeV neutron
generator equipped with a Cockcroft-Walton
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accelerator, was used for the activation.
One standard (pure CaF,, ca. 10g) and three
samples each in a polyethylene capsule of
3m] were packed in a rotary sample holder
shown in Fig. 1. The holder was rotated at
1,300 rpm and the samples were irradiated
simultaneously by a neutron beam with the
flux of 5x10°~1x101%,/sec for 20 min. They
were then cooled for 100 min: this cooling
period determined by analyzing interferences
associated with foreign nuclides described
later. Radioactivity of each sample was
successively detected by a well-type Nal
scintillation detector. -Signal from the de-
tector was amplified and memorized in a
800 channel pulse height analyzer for 10 min.
Integrated intensity (I) of 0.51 MeV y-photo-
peak was determined by ' subtracting the
corresponding background area from the
total peak area in an energy region between
0.46 and 0.56 MeV, assuming that the back-
ground level in this region changed linearly
with the energy, as shown in Fig. 2. Since
the cooling time was different for each

::>ogo

|

Neutron 1300 rpm

beam

Polyethylene capsule

) Rotary sample holder
lem

Fig. 1 Irradiation device.

0.51 MeV

BF peak

Radioactivity

———
e ———

|
I
} ‘Back ground
J

0.46 0.56

Energy (MeV)
Fig. 2 Determination of integrated
radioactivity of 7-photopeak
for 18F, ‘

sample, its radioactivity at the zero cooling
time (I,) was then calculated. Finally, I,
for each sample was normalized to Iy, Io
for ITmg of fluorine in the standard. We
call I/I,,; the relative radioactivity.

2.2 1Interferences of foreign nuclides

Interferences in the ¥F determination were
estimated for all fifty four isotopes, which
gave nuclides emitting g-photons of the
energy around 0.511 MeV with the half-lives
greater than 1 min. Its extent can be evalu-
ated by I./Ir, the ratio of the integrated ra-
dioactivity of a nuclide 7 to that of *F both
counted for a definite time under the condi-
tions used for the fluorine determination.
The measured activity I, for 1g of an ele-
ment can be expressed by the formula,

I:aka'ij(l—e’“)e‘mdt
7
=afh¥(1—¢ 22) e 2 — - =+ ]2,

where g is the counting efficiency, f the
neutron flux at the sample positioﬁ (nem™?
sec™!), k the intensity of the radiation
around 0.511 MeV in fraction to total decay,
St the macroscopic cross section for the iso-~
topes (cm?/g), A the decay constant of the
produced nuclide (sec™), z irradiation time
(sec), y cooling time (sec) and z counting
time (sec).

Table 1 shows the results of the calcula-
tion for 20 min irradiation time, 100 min
cooling time and 10min counting time ob-
tained by the use of the values in the most
reliable handbook of today'® except for
t2c%, The relationship between I;/Ir of com-
mon elements giving relatively serious inter-
ferences and the cooling time is illustrated
in Fig. 3.

From Table 1 and Fig. 3, it is concluded
that cooling for 100 min is suflicient to avoid
the interferences associated with most of
foreign elements, although several elements
such as Ag, Cu, Zn, Cd or Cl are necessary
to be removed before the activation.

% Caleulated value of Io/Ir equals 5.6X107%,
but experimentally the interference of 2C
was negligibly small.
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Table 1 Interferences of foreign nuclides in the ®F determination

tootopes | fied | TR0 | i | Bsotomes | Profied Tyeeof |y,
UN 13N B+ 1.7X10°® %Rb “Rb gr 2.6X1073
%Na 2Na B 7.8X107 8iSr 833y p* 1.6X107®
3p s0p a* 6.8X 1071 83y 5Sr EC 1.8X107*
i2g s0p B* 5.7X107 9y By B* 1.5X107°
.| simC] gt <3.3X10°2 WZr 97y A* 2.9X107®
9K 3K B* 3.1X107? 0Zr somz ar <2.0x107"
5S¢ 45 B+ 9.8X 107 27r o2y B 9.5x107
Ty T B* 5.3X107% 2Mo Mo p* 8.3X107
$0Cr e g+ 1.6X107 PRy %Ry o 2.6X107
“Fe “Fe B 2.3X107 WiAg womA o EC 1.2X107!
®Co #Co Bt 5.4X1074 7Ag 084 o p* 2.0X 107
38Nj “Ni B* 4.7X107 A g 105 A\ o p* 1.3X1071
SN 84Co 8- 4.2X1077 105C4 w0504 p* <4.2X107%
SCy 82Cy B* 1.7+10°% 15Cd A g 8% 3.5X1077
83Cy 8Cy At 6.8%1074 1sCd usCg B~ 2.3X 1074
8Cu 5Cu A* 1.1x10°? 1280 1127y s 2.0X107®
S47n “Cy ar 4.1X107 uzgp gL g* 1.2X1072
%47n 87n Bt 2.1x10™! 1215} 120G, A* 1.0Xx10°*
©Ga Ga Bt 3.8X10°2 1238 1228} 87 —
UGa 7N ﬁ_ 20X 104 22T 1228, ﬂ+ -
"Ge “Ge 8t 5.5X 107 5] 1Cq 8- 5.9X 1074
A TAs g+ 1.6X 1072 127] 126] B 5.8X1074
"Se "As At 2.4X107° 135Cs 182Cg AT 2.1X10"3
"Se Hnge 8+ <2.2%107° Mpp 1Py gt 2.4X107¢
nSe "Se Bt 8.9 1073 12Nd BINg 8+ 4,1X10"
"Br ®Rr g+ <(5.9X1074 Higm 155 At 1.7X10*
8By 0By Bt 7.6X107 209T] 202T] EC 2.3X107*

EC: Electron capture

3. Sample pretreatment

341

It is required to remove several elements

Selection of the method

described above and also to concentrate one
liter of water sample at the level of 1ppm
to 3mi, because at least 1 mg of fluorine is
necessary for the present activation analysis
and the capacity of the capsule for activa-
tion is only 3m/. First, a selective precipi-
tation of fluoride iom with Th#+ and Ca?+
was examined. However, it was soon found
to be unsuitable for the present purpose,
because of the incomplete precipitation from
a dilute solution of fluoride ion. Two strong
basic anion exchange resins were then tried

for separation of cations and concentration
of fluoride ion; Dowex-2X (Dow Chemical
Co.) and Amberlite IRA-400 (Tokyo Yuhki
Kagaku Kogyo Co.) were first treated by
2N-NaOH solution to remove chlorine ex-
haustively and then treated by acetic acid
for the use. As the result, activation analy-
sis revealed that dechlorination was com-
pleted for Dowex-2X, but not for Amberlite
IRA-400. The former was hence used here-
after.

3.2 Fixing efficiency of Dowex-2X
column for fluoride ion
One liter of aqueous solution containing
known amounts of fluoride and chloride
ions was dropped through a column of 16
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Table 2 Fixing efficiency of the Dowex-2X column for fluoride ion

Sample Concentration (mg/l) Fixing efficiency in each run (%)
No F- Cl- st 2nd 3rd 4¢h 5th 6th
1 10 35 99 99 98 89 — 82
2 30 35 99 92.2 79.2 72.7 — —
3 40 35 99 83.6 74.0 72.2 — —
4 50 35 98.2 79.0 66 70 — —
b 100 35 86.6 — — — — _

100 theoretical value of 959, which was esti-
mated from the total amount of anions in
the solution (6.25 meq.) and the ion exchange
capacity of the column (6.0 meq.), éssuming

m:%’“(ii:i that all chloride ions were fixed in the

10 column®. Fixed fluoride ions were eluted

”'_jg‘“‘(f’;:i more or less, as shown in the columns 5~9

wcd () of Table 2, when the solution once passed

s (mAc) through was charged repeatedly to the col-

" o umn. This may also due to the fact that
I 10 i fluoride ion is poorer in affinity than the
A other anions.® From these results, it may

s e be concluded that fluoride ion can be fixed

quantitatively in the column under the ex-

i \ 5 (s} perimental conditions described above, un-

10 oy less total amount of anions in a sample

e e solution is over about 60%** of the ion ex-
change capacity of the resin.
(D) (i et e () RO B (B N 3-3 Removal of chloride ion from water

S 50 100 150 sample

Cooling time (min)

Fig. 3 Calculated correlation between
the relative interference effects
of various nuclides to ®F and
the cooling time.

Irradiation time: 20min
Measuring time: 10min

mm LD. packed with 5m/ of the swelled
Dowex-2X of acetate type in 15min. Fluo-
ride ion in the effluent was determined by
the Thorium-Neo-Thorin complexometry®.
Fixing efficiency of the column is shown in
the fourth column of Table 2. More than
989, of fluoride ion was found to be fixed,
when its amount was less than 50 mg under
the coexisténce of chloride icn of 35mg.
The efficiency for Sample No. 5, however,
remained only 86.69% different from the

As mentioned previously, chlorine inter-
feres rather seriously with the 18F determina-
tion. Preliminary removal of chloride ion
"from sample solution was hence examined;
a 20 m] portion of 1%, silver nitrate solution
was added to an aqueous solution of one
liter containing 20mg of F- and 25mg of
Cl-. The silver chloride precipitate was
filtered off and the filtrate was dropped
through a column of the anion exchange res-
in to fix fluoride ion. It was found that

* The order of affinity is F~<{HCO;<{Cl~<{
HSO;<Br<NO;<I~<ClO; for a strong
basic ion exchange resin of the present
typel®, '

** The value was estimated from the data
on Sample No. 4.



no fluoride ions in the solution were lost at
the precipitation and that no silver ions

were fixed on the resin.

3.4 Establishéd sample preparation

The following sample preparation is re-
commended for the activation analysis of
fluoride ion in contaminated water. A 19
solution of AgNO; is added to one liter of
sample water until the precipitation of AgCl
is completed. After the filtration, the filtrate
was dropped through a column of 5m/ swell-
ed Dowex-2X of acetate type in 15 min. The
resin is washed, dried in an air bath and
packed in a capsule of 3m/ for the activa-
tion analysis. It takes about one hour for
the procedure. The total amount of anion
in the solution should not exceed 60%; of
the ion exchange capacity of the resin.

4. Analytical results

To check the reliability of the present
method, some model samples for contami-
nated water were first prepared by dissolving
known amounts of sodium salts as anion
source and metal nitrates as cation source
in deionized water, keeping the concentra-
tion of fiuoride ion at a constant value of
10 mg/l. Fluorine was then analyzed by the
present procedure. A calibration curve
shown in Fig. 4 was used for the determina-
tion. The result is shown in Table 3. As
expected, fluoride ion was found to be de-
termined without any interferences due to
existent ions within about 39 of the stand-
ard deviation due to the statistical fluctua-
tion of the radioactivity counting. It should
be specially noticed that A+ and Feit+ did
not interfere the analysis, in spite of their
complex formation with fluoride ion in the
sample solution. This is undoubtedly due
to the decomposition of the complexes in
the process of F~ fixing on a column of the
ion exchange resin used.

The detection limit (D.L.) of the present
method at the reliability of 992 was ex-
pressed as 34/F /a (mg), where a and b were
the radioactivity of y-photopeak of 1mg *F
and that of the corresponding background,
respectively. The radioactivity of the back-
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20F

I/ Lo,

10F

0 L ) s
0 10 20 30

Amount of fluorine {mg)
Fig. 4 Calibration curve for fluorine
determination
Standard samples: Dowex-2X resins
of acetate type containing known
amounts of fluoride ions.
Monitoring sample: pure CaFs.

Table 3 Reliability of the analytical

method
Conc. of fluoride ion
Coexistent Cone. (mg/l)
ions (mg/D)
Added | Determined
Cl- 10 10 9.9
Cl- 25 n 10.2
S04~ 5 " 9.6
NO; 10 " 10.3
COi- 10 /" 10.0
Ca?t 20 i : 9.9
AT 10 1" 9.8
Fed+ 10 " 10.1
Co13 o |eacn 10w 10.0

ground decreased almost linearly with the
decrease of the y-photopeak, but reached a
constant value of about 1,000 counts/10 min
at the low concentration of fluorine. There-
fore, D.L.=0:3mg, since 531,000 counts/10
min and =300 counts/mg/10 min.
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