
6030 NOTES Vol. 7fi 

pound was determined pycnometrically by water displace­
ment and an average value of 5.78 ± 0.05 g./cc. was ob­
tained. 

Chromium was determined by dissolving the sample in 
boiling, concentrated perchloric acid and titrating the re­
sulting chromium(VI) in potassium iodide solution with so­
dium thiosulfate. Yttrium was determined as the oxalate. 
For the sample for which the X-ray data are given in Table 
I, analysis showed: chromium, 28.75 ± 0.05%; yttr ium, 
46.1 ± 0 . 1 % . Theoretical percentages for YCrO1 are: 
chromium, 27.54%; yttr ium, 47.06%- If one accepts the 
formula YCrO3 for the reaction product, the above figures 
would indicate an excess of about 2 .5% Cr2O3. 

All but two lines of the X-ray powder pattern were indexed 
on the basis of a monoclinic cell (Table ) with dimensions a = 
c = 7.61 ± 0.01 A.; b = 7.54 ± 0.01 A.; /3 = 92° 56' ± 6 ' . 
One of the two very weak extra lines matched a medium re­
flection of the chromic oxide pattern. The remaining 
chromic oxide lines were effectively covered by the yttrium 
chromium oxide pattern. Thus a small excess of chromium 
oxide was indicated by the X-ray evidence and also could be 
implied from the chemical analysis. 
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The monoclinic cell has each of its axes doubled as com­
pared to the fundamental perowskite unit and thus corre­
sponds to eight molecules. Using the density of 5.78 g . / c c , 
the calculated X-ray molecular weight is 190 ± 2 molecular 
weight units as compared to the formula weight for YCrOs 
of 188.9. In itself, this agreement is not conclusive proof 
for the simple formula, because the molecular weight is not 
a sensitive test of formula. As examples, Y1.osCro.82Os has a 
formula weight of 192; Y0.97Cr1.03O3 has a formula weight of 
188. When we consider the X-ray and chemical evidence 
together, however, the simple formula seems well established. 

I t cannot be stated with certainty tha t the a and c axes 
are exactly equal although they are not likely to differ by 
more than 0.015 A. If they are exactly equal, then choos­
ing the diagonals of the a,c face as new a and c axes gives a 
cell for which all the angles are 90°. This cell would imply 
that the crystal is orthorhombic, rather than monoclinic. 

Discussion 
The reason for the distortion from cubic symme­

try, as indicated by the tolerance factor, is the in­
adequate size of the yttrium ion. The ratio of yt­
trium to oxygen univalent radii would indicate a 
coordination number of eight3 for yttrium rather 
than the twelve of the undistorted perowskite 
structure. The atomic positions have not as yet 
been determined. However, simply shortening one 
axis of the cubic cell could reduce the number of 
nearest neighbors about yttrium from twelve to 
eight. The attendant adjustment of atomic posi­
tions to give the most satisfactory coordination 
polyhedra could then result in a puckering of the 
structure as evidenced by the doubled cell.4 
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(3) Linus Pauling, "Nature of the Chemical Bond," Cornell Uni­
versity Press, Ithaca, N. Y., 1940, p. 382. 

(4) H D. Megaw, Acta Cryst., 5, 739 (1952). 
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R e a c t i o n b e t w e e n s c a n d i u m ion a n d 8-qu ino l ino l 
h a s b e e n s h o w n 1 t o y ie ld t h e 1 t o 4 c h e l a t e , Sc -
( C 9 H 6 N O ) 3 - C 9 H 6 N O H , a c o m p o u n d w h i c h is useful 
for t h e g r a v i m e t r i c d e t e r m i n a t i o n of s c a n d i u m 2 b u t 
o n e w h i c h , u n l i k e t h e c o m p a r a b l e t h o r i u m a n d u r -
a n i u m ( V I ) c o m p o u n d s , 3 c a n n o t b e c o n v e r t e d t o 
t h e n o r m a l c h e l a t e b y h e a t i n g . 1 T h e a b s o r p t i o n 
s p e c t r u m of t h i s c o m p o u n d in t o l u e n e a m o u n t s t o 
a n i n t e n s e p e a k a t 317 m ^ ( s a m e w a v e l e n g t h as is 
c h a r a c t e r i s t i c of 8-quinol inol ) a n d a m u c h less 
i n t e n s e p e a k a t 375 m,u.4 A b s o r p t i o n s p e c t r a d a t a 
a r e i n t e r p r e t e d in t e r m s of b o n d i n g of t h e e x t r a 
m o l e of 8 -qu ino l ino l in t h e so l id b y l a t t i c e forces . 4 

T h e s i m i l a r i t y of t h e r e p o r t e d a b s o r p t i o n spec­
t r u m 4 t o t h e s p e c t r a of t h e p a r t i a l l y h y d r o l y t i c a l l y 

(1) L. Pokras and P. M. Bernays, T m s JOURNAL, 73, 7 (1951). 
(2) L. Pokras and P. M. Bernays, Anal. Chtm., 23, 757 (1951). 
(3) F. J. Frere, T H I S JOURNAL, SS, 4362 (1933). 
(4) I.. Pokras, M. Kilpatrick and P. M. Bernays, ibid.. 78, 1254 

(1953). 
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decomposed 8-quinolinol chelates of thorium5 and 
uranium(VI)6 has prompted a further investiga­
tion of the absorption characteristics of solutions 
of the scandium chelate. Furthermore, the en­
hanced stabilities of the 5,7-dihalo-8-quinolinol 
chelates of thorium7 and uranium(VI)6 suggested 
extension of the investigation to the scandium 
analogs of these compounds. 

Experimental 
Materials Used.—The source of scandium ion was a 

sample of the oxalate8 shown to be spectroscopically free from 
all impurities except small quantities of calcium. The oxal­
ate was ignited to oxide, and a perchlorate solution contain­
ing the equivalent of 0.4578 g. of oxide in 250 ml. was pre­
pared by dissolving in excess 70% perchloric acid, evaporat­
ing to remove excess acid, and diluting. The 8-quinolinol 
and substituted 8-quinolinols used were those previously 
described.6-7 The former was used as a solution of 10 g. of 
reagent in 200 ml. of 2 N acetic acid. All halo 8-quinolinols 
were used as 0 .3% solutions in acetone. Chloroform used 
contained ca. 1% ethanol by volume. Other materials were 
of reagent quality. 

Apparatus.—All absorption spectra were measured at 
ca. 25° with a Cary Recording Spectrophotometer, using 
5.0 cm. demountable cells with quartz windows. All pK 
measurements were made with a Beckman model G pH 
Meter. 

Preparation of Chelates.—The 1 to 4 8-quinolinol chelate 
was prepared according to the procedure of Pokras and 
Bernays.1 In agreement with their work, the normal 1 to 
3 compound was not obtained. 

With the 5,7-dihalo-8-quinolinols, however, both 1 to 3 
and 1 to 4 chelates were obtained, but as is true with both 
thorium7 and uranium(VI),• the 1 to 3 compounds could not 
be obtained from the 1 to 4 materials by heating. Rather, 
separate reactions in the indicated stoichiometries were 
necessary. AU chelates of these types were prepared ac­
cording to the procedure of Pokras and Bernays1 with the 
exceptions that only the calculated quantity of chelating 
agent was used and that after the addition of the ammonia-
ammonium acetate buffer the suspensions were heated on 
the steam-bath to remove the bulk of the acetone added 
with the 8-quinolinol type reagent. After cooling, the sus­
pensions were all at pK 8.5-9.0. The washed chelates were 
dried for 2 hours at 100-110° for the 1 to 3 compounds and 
at 85-90° for the 1 to 4 compounds. All compounds were 
deep yellow in color and soluble in chloroform, ethanol and 
benzene. The 1 to 3 compounds were somewhat less soluble 
than the 1 to 4 compounds. 

Anal.' Calcd. for S C ( C H I N O ) S - C 9 H 1 N O H : C, 69.43; 
H , 4.05; N , 9.00. Found: C, 69.01; H , 4.14; N , 8.85. 

Calcd. for Sc(C9H4Cl2NO),: C, 47.40; H, 1.77; N, 6.14; 
Cl, 31.20. Found: C, 47.07; H , 2.21; N , 6.02; Cl, 31.57. 
Calcd. for S C ( C 9 H 1 C I 2 N O ) 8 - C 9 H 4 C I 2 N O H : C, 48.14; H, 
1.91; N , 6.24; Cl, 31.60. Found: C, 46.79; H , 2.17; 
N, 5.91; Cl, 31.34. 

Calcd. for Sc(C9H4Br2NO)3: C, 34.10; H , 1.27; N, 4.42; 
Br, 50.50. Found: C, 34.36; H, 1.89; N, 4.00; Br, 
49.26. Calcd. for Sc(C9H4Br2NO)3-C9H4Br2NOH: C, 
34.50; H , 1.36; N, 4.47; Br, 51.00. Found: C, 34.57; 
H, 1.67; N, 4.37; Br, 50.10. 

Calcd. for Sc(C9H4ClINO)3: C, 33.82; H, 1.26; N, 4.38. 
Found: C, 32.41; H, 1.61; N, 4.02. Calcd. for Sc(C9H4-
CUNO)s-C9H4ClINOH: C, 34.20; H , 1.36; N , 4.43. 
Found: C, 34.19; H, 1.70; N, 4.28. 

Results and Discussion 
Absorption Spectra Studies.—Spectrophoto­

metry data for chloroform solutions of these 
(5) T. Moeller and M. V. Ramaniah, T H I S JOURNAL, 75, 3946 (1953). 
(6) T. Moeller and M. V. Ramaniah, ibid., 76, 5251 (1954). 
(7) T. Moeller and M. V. Ramaniah, ibid., 76, 2022 (1954). 
(8) Kindly loaned by Prof. L. L. Quill, Michigan State College. 
(9) Although differences in analytical data alone are too small to 

indicate absolutely the formation of both the 1 to 3 and 1 to 4 series, 
the similarities in absorption spectra differences (Pigs. 1 and 2) to 
those found for the thorium1'7 and uranium(VI)' compounds, where 
analytical results are more definitive, are sufficient to render the exist­
ence of the two series undeniable. 

chelates paralleled closely those obtained for the 
analogous thorium6'7 and uranium(VI)6 compounds 
except that absorptions were somewhat more 
intense. Thus, although the unsubstituted 8-
quinolinol chelate gave a spectrum characteristic 
of partially hydrolyzed chelates,6-7 the addition 
of halogen atoms gave bathochromic shifts and 
spectra approaching the normal type.1011 How­
ever, the addition of even small quantities of water 
caused the spectra to revert to those of the 8-
quinolinol type reagent. As before, differences 
between the spectra of the 1 to 3 and 1 to 4 chelates 
are largely differences in absorption intensity. 
These relationships are shown by the typical data 
given in Fig. 1. Chloroform solutions of these 
chelates did not adhere to Beer's law. 

1.51 1 1 

Wave length, A. 

Fig. 1.—Absorption spectra of chloroform solutions of 
certain chelates: A, Sc(C9HsNO),-C9H,NOH, 1.2 mg. 
Sc/1.; B, same as A with 1 drop water; C1Sc(C9H4Cl2NO)3, 
1.2 mg. Sc/1.; D, same as C with 1 drop water; E, Sc-
(C9H4Cl2NO)3-C9H4Cl2NOH, 1.2 mg. Sc/1.; F, same as 
E with 1 drop water. 

As was found with the thorium6-7 and uranium 
(VI)6 systems, hydrolytic decompositions in ethanol 
solutions are much less striking, although even in 
this solvent the unsubstituted chelate is still fairly 
sensitive. These relationships are shown in Fig. 2. 
Except with the simple 8-quinolinol chelate at 
3730 A., adherence of absolute ethanol solutions 
of the chelates to Beer's law is good. Data for 
ethanol solutions are as follows: Sc(C9H6NO)3-
C9H6NOH: 0.80-1.6 mg. Sc/1., k% at 3200 A. = 
149.2, k at 3730 A. = 117.5-141.3; Sc(C9H4-

(10) T. Moeller and A. J. Cohen, T H I S JOURNAL, 72, 3546 (1950). 
(11) T. Moeller, F. L. Pundsack and A. J. Cohen, ibid., 76, 2615 

(1954). 
(12) Specific extinction, *, is given by the relationship * — (logu 

ItIl)Zd, I being in cm. and c being expressed as g.Sc/1. 
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Fig. 2.—Absorption spectra of absolute ethanol solutions 
of typical chelates: A, Sc(C9H6NO)3-C9H6NOH, 1.2 mg. 
Sc/1.; B, same as A with 10% water by volume; C, Sc-
(C9H1Cl2NO)3, 1.2 mg. Sc/1.; D, same as C with 20% 
water by volume; E, SC(C 9H 4CI 8NO) 3 -C 9H 4CI 2NOH, 1.2 
mg. Sc/1.; F, same as E with 20% water by volume. 

Cl2NO)3: 0.60-1.20 mg. Sc/1., &av a t 3430 A. = 
148.9, kav. a t 3970 A. = 191.3; Sc(C9H4Cl2NO)3-
C 9H 4Cl 2NOH: 0.60-1.20 mg. Sc/1., &av a t 3430 A. 
= 201.1, kav. a t 3970 A. = 220.6; Sc(C9H4Br2)3-
C9H4Br2NOH1 3 : 0.60-1.20 mg. Sc/1., Ks a t 3430 A. 
= 217.2, £av a t 3990 A. = 220.2; Sc(C9H4ClINO)3 , 
0.60-1.20 mg. Sc/1., kav a t 3470 A. = 160.3, k*v 

at 4020 A. = 184.4; S C ( C 9 H 4 C I I N O ) 3 C 9 H 4 C I -
I N O H : 0.50-1.00 mg. S c / 1 . , &av a t 3470 A. = 215.3, 
^av. a t 4020 A. = 210.2. 
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(13) Sc(CBH4BrSN-O)J was too difficultly soluble in ethanol to permit 
study. 
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An interesting reaction of sodium thymonucleate 
(DNA) was investigated by Katz , 1 who found t ha t 
HgCl2 undergoes a reversible combination with 
D N A which results in a large increase in the molec-

* Lilly Research Labs., Indianapolis, Ind. 
(1) S. Katz, T H I S JOUKNAI., 74, 2238 (1952). 

ular weight as determined by light scattering. 
Although the identi ty of the combining species 
has not been determined, we will tentat ively assume 
for simplicity in this discussion tha t it is the 
HgCl2 molecule. Katz further found t ha t the 
addition of C l - or C N - would completely reverse 
the complexation leaving free DNA. He inter­
preted the large increase in the molecular weight 
t ha t was brought about by the addition of HgCl2, 
as being the result of partial aggregation. How­
ever, he assumed tha t the HgCl 2 -DNA complex 
had the same refractive index increment (dn/dc) 
as free DNA, while it is probable t ha t the complex 
has a higher d« /dc value than the free DNA. 
This would cause his reported molecular weights 
of the complex to be somewhat too high. With 
this in mind, partial aggregation need not be 
postulated. 

Fur ther investigation of this reversible com-
plexing reaction has revealed t ha t the ultraviolet 
absorption spectrum of D N A is substantially 
altered by the addition of HgCl2. In 0.40 M 
acetate buffer, pH 5-6, free D N A has an absorption 
maximum at 258 mix. On the addition of HgCl2 

(dissolved in the same buffer) the absorption maxi­
m u m shifts over to 275 m^. The addition of NaCl 
to this solution will cause the absorption maximum 
to again shift back to 258 m/x. This, together with 
Ka tz ' observations, is strong indication tha t the 
DNA-HgCl 2 complex is reversed by the addition 
of NaCl . 

On examining the shift of the absorption spec­
t rum more carefully, we find t ha t all curves go 
through an isosbestic point located a t 238.5 m û 
(see Fig. 1). Defining r = total moles of added 
HgCl2 /moles P, we find tha t all curves for which 
r is less than 0.60 pass through isosbestic points a t 
238.5 and 262.5 niyu. On increasing the mercury 
concentration from r = 0.60 to 10, the absorption 
curves display a new isosbestic point at 274.5 nut 
bu t still pass through the first one a t 238.5 m/x. 

This behavior suggests in this particular case 
tha t the reaction proceeds by a t least two steps 
and t ha t the first reaction is essentially complete 
before the second reaction begins. If this is the 
case, the curves in Fig. 1 which pass through the 
isosbestic points a t 238.5 and 262.5 mix can be con­
sidered to result from two components in equilib­
rium with each other and absorbing ultraviolet 
light independently. 

Choosing two appropriate wave lengths, it is 
possible to write two simultaneous equations for 
the total optical density a t these wave lengths in 
terms of the concentration of the free D N A and 
the concentration of the complex. In this case 
we have chosen wave lengths of 257.5 and 271.0 
mix because they are near maxima, and yet as far 
from isosbestic points as possible; the results do 
not depend on this choice. 

T-) p D N A /-*DNA t TTComplex ^ c o m p l e x 
^267.S — ^257.6 ^ "T* -^267.6 ^ 

Dm = £™A CDNA + £°2?fpl« Ccomple* 

Employing Chargaff's value of 6650 ± 50 (at 259 
mix in the presence of salt) for the extinction co­
efficient with respect to phosphorus (E(P)) , 2 it is 

(2) E. Chargaff and R. Lipshitz, ibid., 75, 3658 (1953). 


