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Determination of oxygen in magnesium dusts
and ingot by 14 MeV neutron activation analysis.
Minoru CHiBA and Tsutomu Anpo (Metallurgical
Chemistry Division, National Research Institute for
Metals, 2-3-12, Naka-Meguro, Meguro-ku, Tokyo)

Oxygen in magnesium metal and alloys affects their
mechanical and chemical characters, but its determina-
tion can scarcely be expected to yield reliable results
by usual methods. Measurement of 18N produced
from oxygen by the 190O(n, p) reaction is generally
easy because of the particular y-rays of 1¥N. However,
if a matrix or its major part is magnesium, the
spectrometric measurement was obstructed by 24Na
and 26Na radiations which are produced by 2¢4Mg(n, p)
and 26Mg(n, p) reactions, respectively, even if the
lower limit of discrimination was raised to 4.5 MeV.
The obstruction by 2{Na was able to exclude by
counting twice and subtracting the second counts from
the first as the background. It was necessary to allow
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a 14 MeV neutron irradiated sample to decay for a
longer duration than the standard experimental
conditions to remove the interference by 26Na. The
experimental obstructions by 2¢Na and 260Na well
agreed with the estimated. Oxygen concentrations in
magnesium dusts were related with their particle sizes,
and reached about 69, in a sample of 100 mesh
even if it was stored in inert gas atmosphere. The
oxygen in an ingot was found to distribute almost
homogeneously, not to be related with the sampling
positions. The external standard method was used,
and it took about 2.1 min to complete the analysis.
Taken an amount of oxygen corresponding to its
statistical fluctuation as the experimental limit of
detection, it comes to ca. 38 pg oxygen or 20 ppm in
magnesium matrix. This result agreed with the
calculated sensitivity when taking into consideration
of the difference in 14 MeV neutron fluxes involved
factor of ca. 2 between experimental and calculated.
(Received Oct. 9, 1981)
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Table | The standard values : FVA 4 and FVG,
4 : The position of any ring carbon atom®>
1 2 3 4 6 7 8 9 10
FVA, 118.1 136.9 118.1 136.4 122.6 136.9 122.6 136.4 140.2 140.2
FVG, 125.2 136.1 112.8 144.2 125.0 134.8 139.9 133.2 137.3 136.2

a) In ppm, downfield from internal TMS; Solvent : CDCl,
LDy rrroREkREY RAu Tk,
BN T EER s SEERIYIE D BT, RS T
PUD I NEREZHB TS, Lz hbizvTFhd T4
ECRIED e 0 BT, AR BN CREBE T4
B DO EERO—FB L LT BC-NMR ZFIH L X
5 ETHHAIDHEVFRAN LT L.

L AHT—EIBS ¥ VEHED BC-NMR =k}
LERERF o B s 7 1E (SCS ) 2B
50 MLl LD OWTIREY D I T\ T, SR
D—=FE LicoTnb., 3 TooRvEy FEED
SCS T 7 X v vtk Ol 0 MEA S sl
TEHBEREL, EOorDERCHER Ll by 7y
LDIRBHES Lo eD THRETS.

Drakenberg

7 8.1
Qo ©Op
5403
Azulene I
Fig. 1 Azulene and guaiazulene (I)
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7747 A () BRE{LTH {mp (30.5~31.5)
°C} 2 H v, 8-k 3 a-(11a), 3-7 2 5 A —(1Ib), 3-7
w e = u-(Ilc), 3-2 5 n-(Il1a), 3-=F n~(I1Ib),
3-7rEn-(Illc), 2-k A 3 A-3-2 5 n-(IVa), 2-
R I A-3-=FL-(IVb), 2-%x 1 3 L-3-F m ¥ ji-
(IVe), 2,3-v 25 1-(Va), 2-4 F L-3-x 5 L-(Vb)
B 2-250-3-Fevrs747xv v (Vo) idikpE
589 O LB XY FREL .
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NMR @&z HAEF % FT-NMR FX-60 (13C 15
MHz) #R\v, it LT CDClL %, % L CHIERE
ELTTrFAFALLS Y (TMS) sl 24
RCFH o TN LRIREBTHIEL 2.
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Table 2 Parameters for azulene derivatives

For type I
A®
A
1 2 3 4 5 6 7 8
1 1 1
) —_p — _ — — -
! x 0 mtgt gt 2¢ "
1 1
2 0 x 0 E—p — — — -E-p
1 1 1 1
3 m+?[z 0 x Tm —Z-p — -— -4—:[)
4 — L -l- x 0 m L
41’ 2# m b 41’
S5 - — E—p ] x 0 m P
6 —_ — — m 0 x [ m
7 %p - — P m o x [4
8 l - - 1 m o x
7™ 2[‘ 4I’ JA
9 +L 1 + - L 0
o m 2[7 2m ¥4 2m 2p ¥ m
gmtr 7t ¢ roogp g
For type M
4
A — ™
I 2 3 4 5 6 7 8
1 x o m m p m P m
2 o x 0 Y m ¥ m P
3 m 0 x m ¥4 m ¥ m
4 m P m x 4 m ¥ m
5 4 m £ 0 x 0 m ?
6 m P m m o x 4 m
7 ¥4 m ¥4 ¥4 m o x o
8 m P m m P m 4 x
9 o m P Y m P m 0
10 P m 0 0 m P m P

a) The position of any ring carbon atom whose 6 value was
effected by X; b) The position of ring carbon atom substituted
by X; c¢) x, 0, m or p refer to the values of SCS,, SCS,, SCS,,
or SCS,, respectively.
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#H, ARZOEHED KA CHDH T A v 0 BT
T, 7747 AL v(1) T FVGy TtRKbhIhb.
Table 1% DOEOHEHY RT.

FVA, BBk b &V Ric-Tw5h FVA, &
FVAg 7% L\ Braun 59 0% BA L. k11X
SCSE ompm EDOFN, Cq CHEAEL-BHREX 0 Cy
CRITHEGE GROKEX) b k5T 51cd
DG A —2—"T, RO X5 EEBENLLRDA. Tihb
B Cy DBERIEXN Co D 0 BB R A BT THEELE
25 L, XOFEHE I HR) Foiadaxn L EDb
D, 2V 20— MBE) 3{EorBETREEL
TREECR S EL bhD, F 2 CEEO D Fig. 2
(C, wEBR LA RT) © Typel X 51 G X
12 Cpo TR L, Cp 5D 4 BHORERT T
T’sE L, M&EE Type M o L 5 B0 B0 LR
T BT ROARE, LabEetkiciEbh, G b8
TORUVOFHLThEhv ¥ viFBARom RO pir
gL R Lie. 2h boEEREMC OV
LEIEO I X b FOIYMATER L. 04T

g, i, AE T AV VBEAROEERIT DD D dc HOMMSEPEICoVT 187

Table 3 Substituent chemical shift (SCS)#)

X x 0 m ¥4
+ 9.0 +0.7 —0.1 —2.6
CHj { (+10.0) (+1.1) (=0.6)  (—2.8)»
o { +15.5 +0.1 0.0 —2.7
2Hs (+16.0)  (40.3)  (—0.4)  (—2.8)
C.H { +13.8 0.0 ~0.3 2.8
sHz (+14.4) (0.0 (—0.4)  (-2.8)
420.0 —2.0 0.0 —2.4
i-CsHz { (+20.0)  (=2.1)  (=0.2)  (—2.6)
+ 8.7 +1.3 +0.9 +5.8
CHO { (+ 8.0)  (+2.3)  (+1.9)  (+6.9)
+ 9.1 +0.2 +0.1 +4.4
COCH, { (+ 7.8)  (+2.5)  (+2.3)  (46.1)
+ 8.4 —0.8 —-0.6 +3.4
COC,Hs { (+ 7.6) (+2.8)  (+2.5)  (+5.8)

a) In ppm, solvent : CDCl3; b) Modified value for azulenes

% U VR TIRA v BEA R Y RO
IESA BEORIEN B 5%, RIER D AT D
g LI-. Table 2 I (Type I) RUMBE
(Type M) @Bt 5 ki Ofixkamlic. 22T x 0
mEHHIE pid, FhFEh SCSi, SCS, SCSm H 5\
13 SCSy DR R LT 5. & = A CEBREX L D

Table 4 Calculated and observed values of ring carbon atom in some azulene derivatives

1-Formylazulene

A FVA® k4 sl CHO® 3.4 (caled.) 4 (obsd.) pe>
—
1 117.9 x +8.7 (1 126.6 an 125.8 +0.8
2 137.2 0 +1.3 %) 138.5 %) 141.7 ~3.2
3 117.9 m +0.8 e 118.7 ) 119.1 -0.4
4 136.5 - +0.8 4 137.3 (5) 139.0 —1.7
5 122.7 P +5.8 @ 128.5 @ 128.2 —0.3
6 136.9 m 10.8 (6) 137.7 (6) 139.7 ~2.0
7 122.7 # +5.8 @ 128.5 3) 129.4 -0.9
8 136.5 m +0.8 4) 137.3 ) 137.2 +0.1
9 140.1 0 +1.3 2" 141.4 @) 140.2 -1.2
10 140.1 p +5.8 3" 145.9 (3" 145.9 0.0
5-Methylazulene

4 FVA4 k4 asd CHs 5, (caled.) 34 (obsd.) D

1 118.1 — — @ 118.1 ) 116.7 +1.4
2 136.9 — — 5) 136.9 5) 137.1 ~0.2
3 119.1 —%-p -1.3 ) 117.8 M 116.7 +1.1
4 136.4 0 +0.7 (6) 137.1 ) 138.1 —1.0
5 122.6 . +9.0 an 131.6 an 131.8 —0.2
6 136.9 0 +0.7 @ 137.6 ) 138.3 -0.7
7 122.6 m —0.1 3) 122.5 3) 121.9 +0.6
8 136.4 F —2.6 ) 133.8 ) 134.8 ~1.0
9 140.2 %p ~1.3 @ 138.9 @) 139.6 0.7
10 140.2 m ~0.1 3 140.1 3" 139.9 +0.2

a) Solvent : CD3;COCDy; b) k4 sCs¥

(z.0ymy p)?

(1)~ (7) for strong signals and (1’)~(3’) for weak signals

¢) Deviation of the calculated value from the observed; d) Order of magnitude :
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Ba L M BERAEbeRF->T\50, SCS BN
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DT, BHREX DA v VB G LIS T T, Peb b
M F R DZRIMER LT 502 &5 L, Table 2 N @ o o N w A =
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3.2 SCS (DT 8e
< v ¥ vEEAED SCS HitFA—&EORIEEL b 5:,— g ; ; ;, ; ; '; ‘2 ; ; Z;%
kDI Bbh s BEDKW S, 1ppm M EoE#ED B o | E : - : _ A
5L OBME D DEER ED TS, Lin LEBOEHR 2 tTceceelre
HicoUT SCS, SCS,, SCS, Kyt SCS, D0 E1F
SCS O MOFMNIEIL, 3E—5% LTl 0T, Bl S| % [§dTi$ied43
ELTHXBRYODREDFH LK 7. L2 H TV b3
¥ vFEHMAED SCS EXAVTH 4R L5 288 cf) o N - @ NS ® e N o
BHNBA, FC X VIELRE S kb, Aicisit 2| 2 |EEZIEE38E&E
% SCS a7 AL vERAC OWTHE LETHER B
BB, LnLisnbT A v vEEED BC-NMR o E
NI E7E DIel, o7 EEMR B LR TUL e g el 32 %o n oo
W, FONDBBIIC DT SCS fHDOMIE R RZ 7. Tlelg{ltF T EEEES
Table 3 AR TR 1 B#HD SCS L +OMIEM HEENEEEEEEEEEE
3. 7ok Table 4 RS (-7 v+ A v B ) ol B
T~ v VB SCS ffit, Table 5 0 3-7 4 ; El o e oo
F A B Table 6 (ZHIEES 7. 2|3 |g]lagzddses¢38
g €sez5s8ciss s
3.3 MEBEESTFLOBBICDNT & Ty Yy EEEEEs
Braun 543 64 % FVA4 & SIAs O ME LT % w |
BTWBHN, BRI (A FAEDER) OROMKL L =i S E333 53 X
WA ENE AR B s T\ b, KB Th [k ° < +
€, KICHND & 5 BRI A RS &, bd g
SHhEACH LS X5is. X 3-7eFn sy g,) s ((|S§6Z658c35 8 s
A7 A v v (llb) OERL 6 fEk, FVAL i lfio 2+ g0 (B4~ -~~~ "~
LB (1-Me), 4 LD 2 513 (4-Me), 7D A v 7 n E §§ T8 EEEFTa e
e (7-iPr) RUB L7 w5 A3k (3-COCHy) o = £3
LODWRD KESO BFEE ML HOTRL, Bco 9|32 Jeesasaanaa
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FFADIRBN LI TS L4é-0 2+ 107 X L Sls [BymF === =22s
VD (1,4-Me,A) RHAM L L, Table 5 @i+ L 510 < "(l1Ee=zfs88s55
FV(1,4-Me,A) 4 i 7-iPr OfEOKE %z I o
VI NADOREEREL, Bl 0 (FVGh) . -
3-COCH, DARD k& &% BUMET 5 H¥kt Fo 157593557953,
Fo. ERICILINE & RR AR TR D ETAER B b, N :
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COFHETHERENEE LTS 22 o7 A VvV
BEAKCOWTIRBE RS, TORAMRIEBLICET
5, BCBEOM RROBERLL: L3-v7rEeT X
VURBRE, BISHETAEREBZ D, ZDF
B ks B ok FEE 22D EEL T
5.

Lo AT BN IV E, RBLIEMHEE LD

Fig. 2 Type I and type M B, AECIIMBED ~ 7 A ORIT S EDENKE s
E, SORELNEL CHLERLRR LGS h, SE

(2) BEOAI\WVI/FARERMSEOKNMIIY BETIBEOKRZ Y 7 FLDORFLI{IebDT,
(1) DIEPLERIGEE RS . FhbOBELMIA L K b B OIERE S & 7 b R

(3) ®re#BEBBBRERFwwoOVWTER (1) &, Xha EHEIns., Table 5 ik -4 F A7 AL vV
BREDONI WY 77 ka8 (2) OBFERDET. (1-MeA) DSEHHEY X b IIb & CToILL S fEOEH,

Type M

Table 6 The reconfirmation of the position on acylation (followed by reduction) of quaiazulene
derivatives by 13CG-NMR

Ila IIb Ilc
-CHO -coc -
4 FVG, Ady R~ UNY'Y st T Y S A —
caled. obsd. caled. obsd. caled. obsd.
2 136.1 +2.3 138.4 139.4 +2.5 138.6 140.3 +2.8 138.9 139.4
3 112.8 +8.0 120.8 — +7.8 120.6 — +7.6 120.6 —
5 125.0 +6.4 131.4 132.4 +6.1 131.1 131.8 +5.8 130.8 131.2
6 134.8 +1.9 136.7 136.0 +2.3 137.1 136.2 +2.5 137.3 136.1
8 133.2 +1.9 135.1 135.3 +2.3 135.5 134.2 +2.5 135.7 134.2
_ 1lia _ 1I1b _ Illc
A FVG, Aai Me —_— Aai e SN Aai rr T
caled. obsd. caled. obsd. caled. obsd.
2 136.1 +1.1 137.2 140.7 +0.3 136.4 138.9 0.0 136.1 139.8
5 125.0 +1.4 123.6 125.5 —1.4 123.6 126.0 -1.4 123.6 126.2
6 134.8 — 134.8 134.7 — 134.8 134.6 — 134.8 134.6
8 133.3 —0.7 132.5 133.2 —-0.7 132.5 132.9 —0.7 132.5 132.7
LN ey 2-CHO IVa 2-Me Va
A FV(Illa), Ad, e A, e
caled. obsd. calcd. obsd.
2 140.7 +8.0 148.7 — +10.0 150.7 —
5 125.5 +1.9 127.4 127.4 - 125.5 126.4
6 134.7 +6.4 141.1 138.9 — 134.7 133.2
8 133.2 +6.4 139.6 137.7 —-1.4 131.8 130.8
2-CHO Vb 2-Me Vb
A FV(Ib), A, —_— Ad, —_—
caled. obsd. calcd. obsd.
2 138.9 +8.0 146.9 — +10.0 148.9 —
5 126.0 +1.9 127.9 127.6 — 126.0 126.7
6 134.6 +6.4 141.0 138.4 —_ 134.6 133.0
8 132.9 +6.4 139.3 137.6 —1.4 131.5 130.4
2-CHO Ve 2-Me Ve
A FV(llc), A3, — Ad, —
caled. obsd. caled. obsd.
2 139.8 +8.0 147.8 — +10.0 149.8 —
5 126.2 +1.9 128.1 128.0 — 126.2 126.7
6 134.6 +6.4 141.0 138.7 — 134.6 132.9
8 132.7 +6.4 139.1 137.6 —1.4 131.3 130.6
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IIa : R=CHO IIIa : R=CH3 Iva : R=CH3 Va : R=CH3
IIb : R=COCH3 IIIb : R=C2H5 IVb : R=C2H5 Vb : R=C2H5
IIc : R=COC2H5 IIIc : R=C3H7 Ive : R=C3H7 Ve @ R=C3Hf7

Fig. 3 Acylation of guaiazulenes and followed by reduction
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L G o hERWEL, T Chp FHEINS
IR, G, XD ED REWY Z7IFIARITEAES
BB ENTCHEBED/ NI WY I ARERD, Hy TV v
TOFET CRIBYZFAERATY , bIVD L
X oBEcHB L. chic X hAE X 5Bt
DIEEMEODD = LANIAEI hs.

4 74T RVvyVEEED
FE 1% EHT ~ D R
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L, BRI Nd - CRRERTOMEY, BEOKE
WY I VTREL, TOFEEY Table 6 12/R Loy,
3 LT 2 LT vtk d e £ BT T
% (Fig. 3).
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The simple approximation of Ji13c values of
ring carbons for the structure elucidation of
azulene derivatives. Koichi Satou*, Masao YAMA-
cucHI**, and Isao Ocura*** (*Faculty of Engineering,
Hosei University, 3-7-2, XKajino-cho, Koganei-shi,
Tokyo; **Wakayama Medical College, 651, Hironishi,
Wakayama-shi, Wakayama; ***Faculty of Science
and Engineering, Kinki University, 3-4-1, Kowakae,
Higashiosaka-shi, Osaka)

A simple equation was derived for the approxima-
tion of Ji13¢ of ring carbon atoms in azulene deriva-
tives by means of electronic theory as follows :

04=FVA4+3 k4 SCS%,0m, (in ppm)

where FVA 4 is the standard value of an azulenoid
ring carbon atom, G4 (4=1, 2, 4, 5, 6, or 9), SCSX
is the chemical shift affected by a substituent X at
the position of Cy for benzene derivatives, or of Cy
in azulenes, and k4 (4 means 3,7, 8 or 10) is a
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parameter to adjust the value of SCS to the effect
for azulenes. A process of assignment for signals
consists of an arrangement of the estimated values
according to the magnitude and a distribution of
the observed values to the estimated values according
to their magnitude in one to one correspondance.
Several examples showed that an assignment of signals
was consistent with an estimation of gi3g. This
simple approximation will be applied to a structure

Hr, AL : 7 e a(VD) 0o TOA ZHVLHHEAEHME S 7 2= A0 FICXI5BREEER 191

elucidation in azulene chemistry.
(Received Sept. 10, 1981)

Keyword phrases
simple approximation of § values concerning with
ring carbons of azulene derivatives in G-13 NMR;
substituent chemical shift, SCS; guaiazulene.

2L V) ORYAIFILTIVERVIHES S E
D7 2ZIANNY RICE ZMENEER
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(1981 4+ 9 B 19 B&%#H)

/e a(VD) 25ug AT 255EEAME 100 ml 525 1v/vo% P YA 75747 3 vy ¥ vighk 20 ml

WA,
XEERTS.
v, kT 5 ~v v om{bzmE L <.

KWTHERE (0+95) 10ml Fo2R W C#HHL,
7w (1) oLz 0.05M & Y 4 (IV)-0.05M Yy a(IIl) OFEMBEL
FEYEERUCAS y PP 07/ e 20EEITIGHL

CT 2= H AT FREAVTERYE

g, 3p 0.2gi12o% 10pg 07 r AREEREK (2~3)% TERTEK.
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WBIv AR = =AY FCREKEERET
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