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for the 1Ly bands of homo-di-substituted naphthalenes
using a parameter a and the B values of a-substituted
naphthalenes. This method is obtained by applying
the Eyring’s method to predict the B values of
substituted naphthalenes. To examine the validity of
this method, the MCD spectra of 18 di-substituted
naphthalenes (8 naphthalenediols, 4 naphthalene-
diamines, 2 dinitronaphthalenes and 4 naphthalene-
disulfonic acid) were measured for the !L; and 1L,
absorption bands. The observed B values were in
considerably good agreement with the those estimated
by the proposed method. The MCD spectra of di-
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substituted naphthalenes are sensitive to the positions
of substituents and can be classified phenomenally
into four groups. Therefore, they can be used in
analytical chemistry to identify the isomers.
(Received Sept. 9, 1976)
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7.0, 8.9), A+ HELEHUARSERE FRAL
. REBBAROAMIMUTO X 51TV, F#ANE pH
AmZ—Z X Dﬁﬁ%ﬁot-

BEs (PH5.0): 7= vERF F Yy v a 1.397g R
VKBRILF Y w A 0.010g #KiZiE» L, KCERIC
I ZHML 72,

BHEE (PH 5.4) : 7 = vERAEH» Y v A 1151l g
RUKE{LF LU A 2.44g 2K L, KCER
211 E&HRL &, _

EEEW (pH 6.0) : v vERZ=/kEH» YV A 6.80g
RUKERILF + VWA 0.228g 2K L, KCER
w1l THRL .

BEEE® (PH7.0) : v vEB=/X%EH» YV A 6.80g

BUABLT + Vv A 1.19g #KkiciE» L, KTER
w11 /WL
BEisw (pH 8.9) : +~wEp 3.1g, #(b YA

3.73g RUKERMEF by v A 0.85g BKiziEL, XK
CTERIC 1l ZHRL . ‘

BNEEE : N-(I-F75 )50 v P73 v
BiE, A7 7 = BRUVEBBOBABK

23 RREBERUERE

ERBRCMFHENT ZAFEECATIIHRD 100 ml /Y
ARBROAZEER L, RERXRC pH O S h /- dmEs
F bV U AKEHE 60 ml 2 ANhERZ SRR, X
WER DX ZAMAED BEXiX, FARBEBKO EE»D
30mm BERD X SERET S (Fig. 1).
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Fig. 1 NO; generator
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Fig. 2 Schematic diagram of the apparatus

A : Desiccant; B : NO, elimination; C : Flow meter;
D : Pre-heater; E : NO_ generator; F: Trap; G, H:
Thermometer; 1: NaNOj; soln.; J : Waterbath

BN T ARECACEE, BRO L2 BEIES.
TZTRAELALERRLY (—BLEER, E(LER)
BEARBIPOBRBMILDIRELRET 5. WS
b Y U AREOWIERE, 25°CiIcED, 0.901/min B X
1.90 I/min QiR CELZIML, MEOHIE X7 v~
A—X—Tffolz.
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Fig. 3 wR¥. Wl 25.0°C, @SR 0.90 /min o

ST, BWERY MY U AERKIRE 500pg/ml OFE,

pH 9.0 fHETHABFELE LIXUD, pH 5.0 fHETX
BOBEBRILWOTENRT 5. fOrSHKIRE (100 g/
ml, 200pg/ml) oW TH FARAERBBOh. §E
2T, HRARFEAIELBICHIES pH @FABET 5

1.2
1.0F
08F
0.6F

0.4p

4 5 6 7 8 9
pH of NaNO; solution
Fig. 3 NO,, NO, and NO, concentration in air
flow with pH variation of NaNO, solution

A NO4 O NOz;; @ NO; NaNO; soln. : 500 pg/
ml;  Water bath temp. : 25.0°C; Air flow rate : 0,90
1/inin

NO_, NO, and NO; concn. in air flow, ppm
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pH 7.0 T —B{LEENE L Lo/, TOXIEK
Bk D EERSEE T MY O A KO PH I X o T EER
{EmoRERR I bu—VTEBIEL 05, FETH
—BLEE, “RLERORALE PHICX o TIRET
HTZLHARETH 5.

TSR b)Y ATSHRIRE L RRER LAY R IRE
OB, HHES MY U ABKO PH 2 —FiEBE
B L7-f55E, Fig.4 KRTXORANKS S 7 LCHEHK
MESE SN, BEREF MY Y ABEKRPOBEERAS X
ViREER Cuq., ThEL BRI RRE Cgas &
Fhi, X (1) OXSBRERRC LY ZoOBREERT
ZENTES.

Cgas=k-Clyg. wwrrorremrenmesmsrssesssssessnssesns (1)

ZZT, nIEMOT 58, kX Cuq.—1pg/ml i
%5 Cgas (ppm) DfEEZET. & PH HT R (1)
D15 A~ %~ n, k SfE% Table 1 & 73.

100}

10-1=

NO, concn. in air flow, ppm
¥ L]
X} 3

A2 5 . 2 3 i
% 102 109

NaNO; concn., pg/ml

Fig. 4 Calibration curves for NO,-NaNQO, system

O pH 5.0;, @ pH 6.0; A pH 7.0; Water bath
temp. : 25.0°C;  Air flow rate : 0.90 I/min

Table 1 Coefficients for eq. (1) varing with
pH values
pH n k
5.0 0.73 0.015
6.0 0.52 0.014
7.0 0.47 0.014

Water bath temp. : 25.0°C; Air flow rate : 0.90 1/min
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PH MBEL LD L nDERKREL LD, FARKIRE
L kS BERBCMBEL AMED B{bH REL K
5. X, kOffiiz, o pH 2Bk EE—EDM
ZRLTVS. ‘ ' :

X5 —ED pH 22T Cuq. & Cgas DEIT
IAEIEIC b - THRARBARBRWE SN T LI3E
ETHY, pH, B, [EMEHRT BRREDOK
Hr—Ei Rt cid, BHRREYZEXS5 22 TR (1) X
D, EEREOERRLMAHEY ALAMT L AT
x3%.

BEBRILMFE H 2O REE COWTI, FRARE
B0 FEREA L T4 L EEBCWIRE 2 0 Bz
Fig.5 LR L. BRIMSEILMA L, ERRILDT
74 7 A S BRIAEEY 60 S TIRENEREL, TOEHT
+29% DINOWHEIC L EE D, DEERMEIRE LLE
ERRLMBEFTANTELTE Y, BELALTARED
ZHREE, 0.36 ppm (25°C) OHFET 2% THo7c.

1.60p

—
[
=

v

.

0.40

0 ? 1
30 60

0

NO, concn. in air flow, ppm
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Variation of NO, NO, and NO; concen-
tration in air flow

O NO,;; A NO; @ NO; Water bath temp. :
25.0°C; Air flow rate : 0.90 1/min; NaNO; solution :
pH 5.0, 500 xg/ml

Fig. 5

X, B & bV Y LABHKIRE, pH, KRR 2R
DR EDEGEE—FBIL LB EOBEMLhHE L
AFEMOFREITHDVWTRN L-EREY Fig.6 wRd.
ThIEREHERBEK F—4%4, pH 6.0, HEHEKRF +
Y v AJREE 500 pg/ml, ¥EiE 25.0°C, pi& 1.901/min
TRIE LR, SRBREWHFENT A, FiE—FH L.
IREZR L. £OREOHERIE, —BLER, ZRL
FWHELLbic 0.003ppm DATFCHD, ZTOHFHRMIIR
WZ LG ot KT, Fig.6 b BS5N5 X5,
BT HEERCWFET AREIEL 25 L, R
VRSB RATOKOERC L 2BKRIRED LRIZXD
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Fig. 6 Reproducibility of generated NO;

—@— March 17 1976; --0O-- March 18 1976 ;
NaNO; soln.; pH:6.0; Concn,:500pg/ml; Air
flow rate : 1.90 1/min; Water bath temp. : 25.0°C

BRBCMBEL ZIREPEINT D LB 5o i
Y RIREOHIMME, FEEbc—E0HEE (0.0031
ppm/h) THEIMLTWEDT, F4LTWHEERLY
IREEZ kDD T LIXTAETH 5.

Fig. 7 1, BAIEMRO 1 Y720 oRERILDFEE
& (ug/cm? min) LEKE (ml/min) OBfREZ RLR
HDTH5. BREOHME L IRBERRILWRERR
L, »5—F0BABTCLUBRETRBLERS. fEo
T, MREZHEMT 5 L EHRRCWOREREDHENTD
DT, BRABOELITHT 2 ERBLDIREOZEEHT/N
XK TWwd. X, ZOBRIRE VBERE,LER
BRIEMIREZRETHZ LLRETD 5.
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Fig. 7 Rate of NO, generation in various rates
of air flow

pH :5.4; NaNO; soln. : 500g/ml;
temp. : 25,0°C

Water bath
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% Fig. 8 LR Liz. WIRD LR (20~35)°C @
G BT, BT HEERRICHFHETARELE
e B L (0.01 ppm/°C), 35°C %l x5 &I
E AT S, {fic 0.36 ppm (25°C) DOLEHEEE{L
Y A% 1% ORETCHART 256, WA 1.0°CoL
R B RBREWHE S AREE 0.01 ppm 8403 5
DT, #kig%w +0.3°COMETCRECKTUIRL, Th
X YA X 5 BEBR LR N 2 A OIRERE,
N R LY a v F o~ THECHBLTE S ThH o 1o

0.3r

ozl / rd

NO. (NO, NO;) concn. in air flow, ppm

20 30 10
Water bath temp., °C

Fig. 8 Relation between water bath temp. and
NO, (NO, NO,) concentration

A NO,; O NO:; @ NO; NaNO; conen.: 100pg/
ml; pH of the soln. : 5.0; Air flow rate : 1.90 l/min

RAEVAD BOKOETIC X B HEN R IRE P OFR
BEVE, WWHRIRE 25.0°C, MSEBRESELER 0.9
I/min QEHITHNWT 10% Thorz. ZOBREDORE
TREEBRILW~OEEL, FLAELLNE» 5.
LU, HEHERT bY U A BRIAE O ERICHVWFEEN
AHOBER, KEREDOLRTAEL L5, SFRERL
WO LB RA~D KEKRD R, BHRIERRES:
35°C plEkTEN, ZBILEEROBRLVBROND. {E-
T, RYBKIBEZ LY 5 Z L@ TRY. X, il
HZAROBEE, BHRBEZTY, »2VI3EA&% L
FHZET, BlEL THZLMBARETH 5.

BEREDBEN ZAOWEEET MY Y ABBKRI DO
BBV ZoWnTiE, DTTCRTISEEXLND.

NaNO; == Na+ +NQO,;= -wrveereenneennnannnn (2)
NO,- +H* m=2 HNO,; «vrerereevenviernenanea (3)
3HNO, == H,0+HNO;+2NO 1 -+ (4)
2HNO;+NO == H;0+3NO, T «ovvoevs (5)

R MY o AR (2) kS5 AL, X 3
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DX 5 iREE L - EEREEEA & 13, KO pH 2 &L T
5L X BKEA A OWINIC X » THESA~BE
UBRER R AT B AR L BRI R TR
LETHD, X (4) TRTILSCHEL, —BRILER
PRAXED. WRIC, FRICAERUHEEE —BLEE
LEoTR (5) »OBLERNBAET L LBHEX
bHhs.
INOHORIERIT X 2 FAEBEOK AL, BRERT b
) U ABHED PH BMEVIE Y, BRBILHORBERBK
%<, o, BEBRILDFOBILERDO LD HEIEH
RELBRDBZLEEORREZBMNITIHDDOTHS.
TEREE T MY U AR OEEERA A VORI E LS
FERILWOTAE L OBfR%E Table 2 [CiRd. MHHR
4 &2 OBWAORVE, FARERBEOmEMEES MY U LB
IRIRE 2 BINEBRLAWTHF VY 2 U 3D TREL,
ZORELL DRDI. X, FRFEERE, KAVER
LA EREEBEY OF v — PX O FREAW - /2.

Table 2 Relation between generated quantity of
NO; and decrease of NO,- in the

solution
A Deccrease of NOp- 413pg
B NO, generated quantity 350 pg
NO 103 g
NO, 247 ug
NO, generation efficiency 87.4%
B/AX 100

NaNOj; soln.; pH :6.0; Concn. : 500 pg/ml; Water bath temp. :
25.0°C; Air flow rate : 1.90 |/min; Generation time : 18 h

WM NS P DA OB R ERAELCE
EREMORER L OB % BASRET S &, Table
2Lk 87.4% DL -7 L L, —ERILEER, =
B LEZEORER X D AHRD F A RABE I - TN
A A OBOBERFE TS L 3%pg L, EHEFEO
WA 4 0 ROBOBIEME 413p8 @ 95.6% O
BIZOKBERBEONK. BY D 4.4% OV TIRRE
L BBRERREIREREVREZDND.

4 5 it

BRBCWABES ZAOFBEELE LT, EEOWBMEL
SAAE~NDO TR Z FIA T 5 FHEE, fhoHET K
LCIERclifE chh, X, WKRORE, pH, ZUHK
B1s ¥ DEMHIC X o TERERILMBE L R IRE 2R
WETEXD. LrLERERILHO—-BILEER “FtE
FEOMMWESLHET S EMAETDH Y, BRI
biro TEERILYTHET AL EECREETHZ LMNT

M, A : NaNO, 5o pH av b v~ AL X 2RERIMARERE N 2A0HE 289

%%, X, ERERELCETHIREOWEOREN AH
CAENLKERR ERSHBCBINMETS 525
IO EREBONRRRUHMEE~ORINC X - TH
WTEXBLDELELD. TDXSKHELC L DHEENR
[ H ADEGERORE BT AORAMEL LTH
MTHD, FHBBORERVKEN AFITICEIICIE
Fxhsc aliFsnsg. X, FYARERZERICKE
TELEMEHNAORER, KAHTRARGOMRICIA
ISHEND 0 LBbh 5.

EMEORFTFITYL - T, HEBRBOHERITOWTIX
WBREFRPEEERE, BFOSRA¥TEROHEK
MEBECMEAETEAERR, SRR T — 4 %H
oW TR BG BRAY TR A H R REE CEHE
FHVE. FHhETHEBMOBERET S.
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Preparation of low concentration nitrogen
oxides gas from the pH controlled sodium nitrite
solution. Shigeru Tanaka and Yoshikazu HasHiMoTO
(Department of Applied Chemistry, Keio University,
832, Hiyoshi-cho, Yokohama-shi, Kanagawa)

A new method was developed for preparation of
nitrogen oxides gas of low constant concentration.
This method is based on generation of nitrogen oxides
from the sodium nitrite aqueous solution. The pH
of the solution is controlled by adding a pH buffer.
Nitrogen oxides is generated by passing air on the
surface of the solution. The generated gas is diluted
in the constant stream of air which has been cleaned
by passing through a purification bed. The rate of
gas generation depends on pH, concentration and
temperature of the sodium nitrite solution. The gas
generation from the solution began at pH 9.0, and
a large amount of gas generation occurred at pH 5.0.
The relation observed between concentrations of the
solution (Ciyq., pg/ml) and those of the generated
gas (Cgas, ppm) is expressed as Cgag=Fk-Clig. -+ (D).
If the pH of the solution is kept at a definite value,
the gas of any desired concentration can be prepared
according to the relation of Eq. (1). The temperature
dependence of this method was much less than that
of the permeation tube method. Variation of the
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concentration of the generated gas with temperature
is 0.0 ppm/°C {at (20~35)°C, 0.36 ppm of NO,}.
The concentration of the generated gas reached to a
constant level within about 60 min after starting air
flow, and it was kept constant for several hours. The
coefficient of wvariation of the concentration of the
generated gas was 29, at 0.36 ppm of NO,.
(Received Sept. 29, 1976)
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AFBRHRORRAKILLBZEVT, RTREESHEO 7 AL FAEZED ISR I AL SNE{ER
EITT 0%, EHEAMENEREZACE: TR LE. EEBEPRRTEZE DY, B{ILHOERE
ELIZHRBL THET 52, MRYERETMCER LABRLPMELz ARCINRSE, KRR
BEFETO>RD, BRHEOKILLBCHIBEVCWHHELBERRBZLBTCES. BohiEiBoO
Rt h>r7u<t V5374 —Co¥L, EBIEHCOVTERENN, FARA7 b, KEAX
7 rN, BEARBARI P ARZHBLAEER, BHBISTFEIAR=AX]IEARS v 2B
BAZINAIOTHEZLRHPALE. EEMBRLELTL A= L X0oBI3EME T, ROMLAR
CR/DMGTFIHBLCRBIHRE IR0 L BRI S,

L 7

BRES7 =2 AV 2 EBWE KRR LA, %
DIFED X S CHIRI X 2R OER L, XBRS
FREED & 5 BB 5L DIH ROV AE L UTHHEX
T, FEEOBRBSITORMATREE L UTISARRT S
NTWEN Y. L LICHEOERICLERS &, MED
MBS BT ST o T, ERREoMEET
VIRFRBRFEC Efh T 5 RE T B LR G S kS
L, HISORITCFIATE 5 BMIFAEROLERE T 2D
HTH-T, EERMTAERT 5 HEPREEMEICE
ETWMYBOVBRARETHS. X, [BHOLERN RIX
AEEACEVEZATRERLTHIFEAEZRILRE
LKTHY, bTFMLICFNVATAVTE REBHET 525,
ISR WIEIE D TH S99,

EEOBECHABMOLEELBMESFIATILLS
PABEREE & DBEZ FEH, BB AOEWEH#EIEH
BEAMEIRMBEOET L L DitMiER L - THAL, 28
THIET 52 L e, FIKBRESI XX Y BRERET

* FAREAY  FUBER ST ILE K M NETS
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WCHBETHZ L ARBRLAY. HME LEERIC >V
TREGMET >R, FLvBROMMRS 2 L
ZED, ZOZENLBRMWED TS X<BILTIRER
EEITTE BEROBILDPEROBLEZFT BRICA
I L, —FRRIGWEPRE LA L CEEEH
ZITO DD LHRI L. HMRWEFCIRY AEh 8L
WRRFRERC L 2BEFHEERLEZTEL, ZoW
BOLFBEIRAMBEZED TNV INED TS5 TR
LD BBIC L2 L 2 A5 W E Bbhd. £Z
T, FEOREBHIMBOBONCT VWEHBTINGIE
TH559Y v BEAWT TS X BLRRED S &
1L DR 21T - 2.

2 REXUEM

KiIBR{LER : EHY BWOLO 2BV, K{EF~—~
FiZEX 50mm, I 25mm, X 5mm DED ¥
AIE34 vy 7 ANT, 57 vERK S00mg 2H&
IR, 775RF» v —Daf AFLX Y TR
#98cm DLz AZEEBLL. BEREIIZF 10 ml/min
(BRE), #+ v S—RNENIZ 2 Torr, HEAWBEJ (13.56
MHz) 3§ 30W Z®REL ~.
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