TaBLE |
Experiment IV
Time of Observed Yield in
heating, hr. Temp., °C. rotation grams
50 70 —0.03 0.14
146 70 +0.04 0.16
Ixperiment V
48 73 -~0.04 0.23
75" 73 +0.02 0.2

o In this case excess propylenediamine was added after
75 hours and the resulting solution was boiled to secure a
imore rapid displacement of the remaining tartrate ion.
Excess calecium nitrate was subsequently added and the pre-
cipitated calcium d-tartrate removed by filtration.

on conditions and concentrations are being undertaken to
achieve a more complete resolution.

At the present time the mechanism of this reaction is not
fully understood. 1t was originally felt that the sole reac-
tioil was the one involved in the formation of the tris-levo-
propylenediamine cobalt(III) chloride tartrate by the ac-
tion of excess levo-propylenedianiine on the tartrate com-
plex according to the equation

[Co(l-pn)(tart)]Cl + I-pn —> [C-po(/u)]Cl tart

but it is now believed tliat additional reactions may occur
also.

Experiment VI.—Further evidence that the two tartrato
complexes have different stabilities was obtained by meas-
uring the pH of aqueous solutions of the individual tartrato
isoniers containing excess levo-propylenediamine, The
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formation of the tris-propylenediamine complex is indicated
by a gradual drop in the pH as propylenediamine molecules
are removed from solution by coérdination, A sample of
each complex weighing 3.75 g. was dissolved in 9 ml. of water
with subsequent addition of 9 ml. of 709, levo-propylene-

diamine. The solutions were then heated to 70°.
Time pH of levo. pH of dextro.
interval, hr. tartrate solution tartrate solution

Zero 10.29 10.00

1 10.19 10.00

2 10.19 9.98

5 10.18 9.98

6 10.17 9,98
18 10.12 9.90
24 10.12 9.88
30 10.11 9.84
42 10.11 9.76
54 10.11 9.76
66 10.11 9.76
78 10.11 9.76
90 10.11 9.76

Here again it is seen that the complex containing the levo-
tartrate ion appears to be less stable and undergoes a more
rapid reaction than does the isomer containing the dextro-
tartrate ion. Further efforts are being made to establish
more precisely the differences in stabilities and reaction
rates of these two isomers.

URBANA, IL1LINOIS
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Sexadentate Chelate Compounds.

IV

By James CoLLINS, Francis P. DwWYER aND Francis LioNs
REecerveED OcToBER 23, 1951

The base 1,8-diamino-3,6-dithiaoctane has been condensed with several different ortho-hydroxylated aromatic aldehydes

to give Schiff bases which function as sexadentate chelate compounds.

The codrdination complexes derived from their

combination with cobalt(III) ions show absorption minima between 540 and 680 mu. The cobalt(III)complex derived from
o-vanillin has been resolved and appears to be suitable for rotatory dispersion studies.

It was pointed out in Part 1! that the bis-salicyli-
dene derivative of 1,8-diamino-3,6-dithiaoctane
(EEE base) gave complex cobalt(11I) salts when re-
acting with cobalt(II) salts in presence of oxidizing
agents which showed maximum light transmission
in 0.29, solution in 159, methanol of 65%, at wave
length 560 mu. The relatively high molecular ro-
tation of these optically active complex cobalt{111)
salts suggests that despite their opacity they might
prove of value in studies of rotatory dispersion.
The present incomplete studies (which have had to
be halted temporarily because of the transference of
one of us (J. C.) to other work) were designed to
prepare substances with greater optical transpar-
ency and more suitability for rotatory dispersion
studlies.

1,8-Diamino-3,6-dithiaoctane was condensed in
liot ethanol with 2-hydroxy-3-methoxybenzalde-
hyde, 2-hydroxy-4-methoxybenzaldehyde, 2-hy-
droxy-5-methoxybenzaldehyde, 2-hydroxy-4-meth-
ylbenzaldehyde,  2-hydroxy-5-nitrobenzaldehyde
and 2-hydroxy-5-bromobenzaldehyde. Passage of
air through a hot methanolic solution of any of
the resulting Schiff bases containing cobalt(1I)

) 11 Diwyer and FL Lions, Turs JournaL, 72, 1545 (1950).

acetate led to formation of a cobalt(111) complex,
the method being quite similar to that described
for the bis-salicylidene complex described in Part 1.1

All of these cobalt(I1I) salts had similar absorp-
tion curves (Figs. 1 and 2) showing in 0.29, solu-
tion a very steep rise in the transmission curve from
about 209, at 400 mu to about 859, at the maxi-
mum which lay between 540 and 580 mu. Each of
the substances showed an absorption maximum in
the range 650~-690 mu and there was evidence that
a weak absorption maximum existed at about 400
my, just outside the range of the recording spectro-
photometer employed except for the complex de-
rived from 5-bromosalicylaldehyde.

1t was shown that the complex cobalt(III) ion
derived from the Schiff base from o-vanillin exists in
enantiomorphic forms by resolution through the d-
antimonyl tartrates. The molecular rotations of
the optically active iodides were found to be
=+ 36,700°, for the sodium b line at 20°.

Experimental
1,8-Bis-(salicylideneamino)-3,6-dithiaoctanes.—These
Schiff bases were readily prepared by admixture of hot meth-
anolic solutions of 1,8-diamino-3,6-dithiaoctane (1 mole)
and the substituted salicylaldehyde (2 woles) tlie yields he-
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Ta

BLE I
/CH=N—CH2- CH;—S—CH,—

SUBSTITUTED 1,8-BIS-(SALICYLIDENEAMINO )-3,6-DITHIAOCTANES

R Formula Appearance
3-Methoxy- CpHsNoOSs Foliated needles
4-Methoxy- Co:Hs N2 OS2 Flat needles
53-Methoxy- C22H2sNaO,Ss Needles
4-Methyl- C2oH s N20sS, Needles
5-Nitro- Con22N40sSz Needles
5.Bromo- C20H9N,0,5;Br; Needles

ing invariably good. The yellow crystalline products could
be recrystallized from hot methanol and are listed in Table
I.
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Fig. 1,—All measurements were made in a 1-cm, cell at
20°: I, 1,8-bis-(salicylideneamino)-3,6-dithiaoctane cobalt-
(III) chloride, 0.02%, solution in water; II, 1,8-bis-(2’-
hydroxy-5'-bromobenzylideneamino)-3,6-dithiaoctane  co-
balt(II1) jodide monohydrate, 0.029, solution in 25%
aqueous methanol;  III, 1,8.bis-(2’-hydroxy-4'-methyl-
benzylideneamino)-3,6-dithiaoctane  cobalt(III) iodide,
0.02%, solution in 25%, aqueous methanol; IV, 1,8-bis-(2'-
hydroxy.5’-nitrobenzylideneamino)-3,6-dithiaoctane cobalt-
(I1I) bromide, 0.02% solution in 509, aqueous methanol.

Preparation of Cobalt(III) Complex Salts.—The method
for the preparation of dI-1,8-bis-(2’-hydroxy-3‘-methoxy-
benzylideneamino)-3,6-dithiaoctane cobalt(III) iodide is
described in detail. The other preparations were almost
exactly similar. To a solution of 1,8-bis-(2’-hydroxy-3’-
methoxybenzylidenamino)-3,6-dithiaoctane (1.5 g., 1 mole)
in hot methanol (100 ml.) a hot methanolic solution of co-
balt(II) acetate tetrahydrate (0.9 g., 1 mole) was added
and the solution boiled for five minutes. Air was then
drawn through the hot solution for 0.5 hour after which an
equal volume of water was added and the aspiration of air
continued for 4 hours. Excess 109, potassium iodide solu-
tion was then added to the green-brown solution and the
resultant brown precipitate collected, taken up in hot water
and caused to recrystallize by addition of a little potassium
iodide. It came out in black needles, m.p. 220°.

Anal. Caled. for Co(CpH2NyO:S:)I: Co, 9.3; I, 20.1.
Found: Co, 9.4; I, 20.0.

dl-1,8-Bis-(2'-hydroxy-4’-methoxybenzylideneamino)-
3,6-dithiaoctane cobalt(III} iodide was obtained in thick
black prisms from agueous potassium iodide solution, m.p.
222°,

S §
OH N

M.p., Carbon, % Hydrogen, % Nitrogen, %

°C. Calcd, Found Caled. Found Caled. Found
125-126 59.0 59.0 6.3 6.3 6.3 6.3
87 59.0 58.9 6.3 6.3 6.3 6.3
110 59.0 59.1 6.3 6.3 6.3 6.2
79 63.4 62.8 6.8 6.8 6.8 6.8
158-160 50.2 50.4 4.6 4.7 11.7 11.7
180 44.0 44.1 4.1 4.0 5.1 5.1

Anal, Caled. for Co(CyH2sN:0,S:)I: Co, 9.3; I, 20.1.
Found: Co, 9.3; I, 20.0.
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Fig. 2.—All measurements were made in a 1-cm, cell at
20°: V, 1,8-bis-(2’-hydroxy-3’-methoxybenzylideneamino)-
3,6-dithiaoctane cobalt (III) iodide, 0.02%, solution in 257%,
aqueous methanol; VI, 1,8-bis-(2’-hydroxy-4’-methoxy-
benzylideneamino)-3,6-dithiaoctane  cobalt(III) iodide,
0.02% solution in 25%, aqueous methanol; VII, 1,8-bis-(2'-
hydroxy-5’-methoxybenzylideneamino)-3,6-dithiaoctane co-
balt(III) iodide, 0.02%, solution in 509, aqueous methanol.

dl-1,8-Bis-(2’-hydroxy-5'-methoxybenzylideneamino)-3,6-
dithiaoctane cobalt(IIl) iodide came out in black nodular
prisms from aqueous potassium iodide solution. Its solu-
tion in water was dark green in color, m.p. 232°.
Aﬂdl. Caled. for CO(C22H25N204S2)I: CO, 93; I, 20.1.
Found: Co, 9.3; I, 20.2.
dl-1,8-Bis-(2’-hydroxy-4’-methylbenzylideneamino)-3,6-
dithiaoctane cobalt(III) iodide formed dark green triangular
prisms, m.p. 248°.
Anal. Caled. for Co(CyHgsN.0:S:)I: Co, 9.8; I, 21.1.
Found: Co, 9.7; I, 21.1.
dl-1,8-Bis-(2’-hydroxy-5'-nitrobenzylideneamino)-3,6-di-
thiaoctane cobalt(III) bromide was obtained in thin green
plates from the dark green aqueous solution. It decomposed
before melting.
Anal. Caled. for Co(CyxH2Ni0eS:)Br: Co, 9.6; Br,
13.0. Found: Co, 9.6; Br, 12.9.
di-1,8-Bis-(2’-hydroxy-5’-bromobenzylideneamino)-3,6-
dithiaoctane Cobalt(III) Iodine Monohydrate.—This very
sparingly soluble salt crystallized from water in dark green
or black prisms, m.p. 216°.
Anal. Caled. for Co(CzxHz0N:0:8:Bry)I-H:0: Co, 7.9;
1,17.0. Found: Co, 7.8; I, 16.8.
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1-1,8-Bis-(2/-hydroxy-3'-methoxybenzylideneamino)-3,6-
dithiaoctane Cobalt(III) d-Antimonyl Tartrate Pentahy-
drate.~~The dil-iodide described ahove was suspeuded m
water (150 ml.) and excess freshly precipitated silver chlo-
ride added. The mixture was then warmed to 30° and
vigorously shaken for 20 minutes, after which the solids
were filtered off and washed. The cowbined filtrate and
washings (total volume 200 ml.) were then slowly treated
with an almost saturated solution of potassiuin d-autinonyl
tartrate (2.23 g.) in hot water, the sides of the container
being scratched during the addition. Crystalline black
prisms separated. These were collected and recrystallized
several times from hot water to which a little potassium d-
antimonyl tartrate was added. The final crystalliue prod-
uct charred on heating.

Anal. Caled. for CO(022H23N204S2)(C4H4OTSb)'5Hzo:
Co, 6.7; Sb, 13.8; H,0, 10.2. Found: Co, 6.7; Sb, 13.7;
H.0, 10.3.

A 0.029, solution in water gavead —0.94°ina 1-dm. tube,
whence [a] %D —4,700°.
I-1,8-Bis-(2’-hydroxy-3’-methoxybenzylideneamino)-3,6-
dithiaoctane Cobalt(III) Iodide Dihydrate.—The I-complex
d-antimonyl tartrate just described was suspended in water
(2.5 g. in 100 ml.) at 40° and hydrochloric acid (5 &, 10
ml.) added. The mixture was then vigorously shaken until
alt the antimony had been precipitated as antimiony oxy-
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chloride. After filtration, the green-brown solution of the
active cliloride was treated with potassium iodide. The
precipitated active iodide was collected and recrystallized
twice from liot water and obtained in black ueedles which
sintered at 207° and melted at 212°.

Anal. Caled. for Co(CuHuN.08)T-2T1.0: Co,
1, 19.0. Found: Co,8.8; 1,19.1.

A 0.029%, aqueous solution gave ap —1.10° in a 1-dm.
tube at 20°, whence, [«]®p —35,500° and [}M]*p
—36,700°.

d-1,8-Bis-(2'-hydroxy-3’-methoxybenzylideneamino)-3,6-
dithiaoctane Cobalt(III) Iodide Dihydrate.—The filtrate left
after precipitation of the l-complex d-antimonyl tartrate
was strongly dextrorotatory (vide supra). It was precipi-
tated fractionally with potassium iodide. The first (least
soluble) fractions were mainly composed of di-complex io-
dide. The more soluble fractions were rich in the d-com-
plex iodide. They were collected and recrystallized many
times from hot water to which potassium iodide was added
until the specific rotation was constant. The black needles
sintered at 207° and melted at 212°,

Anal. Fouund: Co, 8.9; I, 19.1.

A 0.029%, aqueous solution gave on -+1.10° in a 1-dm.
tube at 20° whence, [a]®p --5,500° aud [}]%p --36,700°.
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Intensities of Electronic Transitions of Acetylene in the Vacuum Ultraviolet!

By GEORGE MOE? aND A. B. F. DUNCAN
RECEIVED SEPTEMBER 15, 1950

The absolute intensities of thirteen separate electronic transitions of acetylene in the region 1520-1050 A. have been
measured quantitatively., A one-meter vacuum grating spectrograph was used to photograph the spectrum. Molecular
hydrogen lines occurring in this region from a low pressure hydrogen discharge tube were used as background for the ab-

sorption.
graphic photometry.

Absorption coefficients were determined at wave lengths where these lines occurred, using the methods of photo-
"'Oscillator strengths” (f-numbers) for the transitions were found. The values obtained are compared

with theoretical f-numbers calculated from approximate wave functions.

Introduction

The ultraviolet spectrum of acetylene has been
the subject of numerous investigations. Early
studies were confined to the region above 1800 A.
where some complex band systems were found
between 2400 and 2000 A.? The work was extended
to the far ultraviolet by Price* and Price and
Walsh.® The absorption between 2400 and 1500
A. consists of many weak diffuse bands, the anal-
ysis of which is as yet unsatisfactory. From 1500
to 1050 A., intense absorption bands representing
fifteen electronic transitions were reported by
Price,* who assigned the transitions to two Rydberg
series. These series converge to the same ioniza-
tion limit at about 92,000 cm. .

The present investigation is directed primarily
to the measurement of the intensities of these
Rydberg series members. It was not possible with
the equipment available to include the transitions
at longer wave lengths in this work. Hence, only

(1) This work was supported in part under Contract No. N6onr-241,
Task Order X with the Office of Naval Research, United States Navy.

(2) Part of dissertation presented to the Faculty of the Graduate
School of the University of Rochester in partial fulfillment of the re-
quirements for the degree of Doctor of Philosophy.

(3) @) S. C. Woo, T. K. Lin, T. C. Chu and W. Chih, J. Chem.
Phys,, 6, 240 (1938); (b) G. B. Kistiakowsky, Phys. Rer., 37, 276
(1931); (c) G. Herzberg, Trans. Faraday Soc., 27, 378 (1931).

(4) W. C. Price, Phys. Rev., 45, 843 (1934); 47, 444 (1935).

(8) W. C. Price and A. D. Walsh, Trgns. Faradav Soc., 41, 381
(1945).

transitions between 1520 and 1050 A. will be con-
sidered. The general theory of calculation of in-
tensities of electronic transitions is discussed in
detail in the report by Mulliken and Rieke.! The
vector Q is

Q= JS%) rshdr M

Jx and ¢ are the wave functions for the normal and
excited electronic states, respectively. #; is the
radius vector of the 7% electron which enters into
the transition. Transitions are either of the per-
pendicular type or the parallel type. In the former
the electric moment moves perpendicular to the
internuclear axis, which may be chosen to lie in the
z direction. 7 then becomes either x or ¥. For
parallel type transitions, » = z.

Theoretical Q¥'s are compared with experimental
f-numbers which are obtained in the following way.
The absorption coefficient, a,, is determined at a
large number of wave lengths within the absorption
band. «,is defined by the eguation

L/I% = e~ah (2)

where I,/I1,° is the fraction of light of frequency
v(cm. ™), transmitted by a column of gas of length
ly, measured in cm. at 0° and 76 cm. pressure.
To obtain the total absorption strength for an
entire electronic transition, «, is integrated over the

i) R.B. Mulliken and C. A. Rieke, Rep. Prog. Phys.. 8, 237 (1041)



