
scanned in a 4r paper scanner (Fig. 1). 
Immediately after infusion there was 

high radioactivity in kidneys, adrenal 
glands, and uterus; the radioactive sub- 
stance had the electrophoretic mobil- 
ity of angiotensin. Thirty minutes after 
the end of the infusion, the radioac- 
tivity of the brain had increased sig- 
nificantly, but high levels remained in 
the kidneys and adrenals. However, the 
mobility of these radioactive products 
was different from that of angiotensin 
(Table 1 ). 

Because of the close physiological 
association of angiotensin with the kid- 
neys and adrenal glands (11), it is 
significant that high levels of angioten. 
sin accumulate initially in these organs. 
Within 30 minutes angiotensin can no 
longer be recovered. Hence its half-life 
is similar to the half-life of vasopressin, 
oxytocin, and bradykinin (3), but not 
to the half-life obtained when I... is 
used as tracer (2). 

Incubation of tritiated angiotensin 
with undiluted human plasma contain- 
ing heparin for 6 hours showed only 
slight destruction of pressor activity, 
or none at all, and no change in elec- 
trophoretic or chromatographic mobil- 
ities. Plasma diluted 1:10 with phos- 
phate. buffer (pH 7.4) or saline 
destroyed 70 percent of the pressor 
activity in 10 to 20 minutes. A new 
peak appeared in the chromatogram 
with an RF of 0.15 to 0.20. Incubating 
angiotensin with hemolyzed red blood 
cells destroyed pressor activity com- 
pletely in 60 to 90 minutes; at the same 
time a new peak with an RF of 0.71 to 
0.76 appeared. 

We assume, therefore, that two dif- 
ferent "angiotensinases" exist, one in 
red blood cells and the other in plasma 
(12). 
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Relation of Infrared Spectra to 
Coordination in Quartz and Two 
High-Pressure Polymorphs of SiO2 

A bstract. Infrared spectra of the four- 
coordinated quartz and coesite polymorphs 
of SiO2, the rutile six-coordinated (stisho- 
vite) polymorph of SiO2, and the quartz 
and rutile polymorphs of GeO2 show that 
a change from tetrahedral to octahedral 
cation coordination results in (i) a 23-per- 
cent increase in the wavelength of the 
main absorption band for both the SiO2 
and GeO2 polymorphs and (ii) a signifi- 
cant increase in the force constant of the 
same magnitude for the SiO2 and GeO2 
polymorphs. The quartz and the rutile 
isostructural pairs for SiO2 and GeO2 show 
that the effect of increasing mass is to in- 
crease proportionally the wavelength of 
the respective main absorption bands. The 
infrared data for the rutile form of SiO2 
fit the empirical equation of Dachille and 
Roy relating cation coordination, mass, 
atomic number, valence, and main absorp- 
tion wavelength. 

The infrared spectra of four poly- 
morphs of SiO2 and two polymorphs of 
GeO2 were investigated independently 
by Lippincott et al. (1) and Dachille 
and Roy (2). The SiO2 polymorphs 
included quartz, tridymite, and cristo- 
balite, all of which have silicon in four- 
fold coordination, and coesite, a high- 
pressure polymorph of SiO2 whose co- 
ordination scheme was not known at 
that time. The GeO2 polymorphs were 
the hexagonal four-coordinated quartz 
form and the tetragonal six-coordinated 
rutile form (3). Both groups of in- 
vestigators showed that the main Si-O 
stretching frequency is the same for all 
the SiO2 polymorphs and concluded 
that coesite had fourfold coordination, 

a conclusion since confirmed by the 
single-crystal x-ray study of Zoltai and 
Buerger (4). They also found that the 
main Ge-O stretching frequency for 
the quartz form of GeO2 is about 23 
percent greater than that for the rutile 
form, and they ascribed this shift to 
the difference in primary coordination 
of the cation. Before the latter relation- 
ship can be used as a general indicator 
of coordination in simple compounds, 
additional pairs of polymorphs related 
by reconstructive transformation must 
be examined. With the exception of 
GeO2, however, no other pairs of suit- 
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Fig. 1. Infrared absorption spectra of 
GeO2 and SiO2 polymorphs. (A) GeO2 
(quartz form), Fisher reagent; (B) GeO2 
(rutile form), prepared at 50 kb and 
10000C from the quartz form in a belt- 
type apparatus (7); (C) Quartz, high- 
purity single crystal from Hendersonville, 
North Carolina; (D) Coesite, prepared at 
50 kb and 8000C from hydrated silica gel 
in a belt-type apparatus; (E) Stishovite 
from Meteor Crater, Arizona (8); (F) Mix- 
ture of stishovite and coesite prepared at 
120 kb and >10000?C from hydrated silica 
gel in a girdle-type apparatus (7). 
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Table 1. Calculated values of K for SiO2 and GeO2 polymorphs. 

Main absorption band, X in microns Calculated K 

Lippincott Dachille This Lippincott Dachille This 
et al. and Roy paper et al. and Roy paper 

GeO2 quartz 
11.30 11.5 11.35 0.176 0.170 0.174 

GeO2 rutile 
13.89 14.0 14.10 0.174 0.172 0.169 

SiO2 quartz 
9.24 9.15 9.22 0.167 0.171 0.168 

SiO2 coesite 
9.11 9.2 9.15 0.172 0.169 0.171 

SiO2 rutile 
11.25 0.169 

Average: 0.172 0.171 0.170 

ably related polymorphs were known 
which could be studied at ambient 
temperatures. 

Stishov and Popova (5) recently 
synthesized a very high-pressure poly- 
morph of SiO2 with a rutile structure 
in which the silicon is in octahedral 
coordination. Chao et al. (6) dis- 
covered this new polymorph of SiO2 in 
the coesite-bearing Coconino sandstone 
from Meteor Crater, Arizona, and 
named it stishovite. We have recently 
synthesized stishovite at pressures be- 
tween 75 and 120 kb and temperatures 
greater than 800'C (7). Stishovite and 
either coesite, quartz, tridymite, or 
cristobalite thus constitute a pair of 
polymorphs related by reconstructive 
transformation. 

Infrared spectra of quartz and rutile 
forms of GeO2, quartz, synthetic coe- 
site, natural stishovite from Meteor 
Crater, and an experimental product 
composed of a mixture of coesite and 
stishovite are shown in Fig. 1. All the 
samples were prepared by the KBr 
pressed-pellet technique; approximately 
1 mg of sample and 300 mg of KBr 
were used. The spectra were obtained 
with a Perkin-Elmer "Infracord" re- 
cording spectrophotometer. The curves 
for the GeO2 polymorphs and for quartz 
and coesite are in close accord with 
those previously published (1, 2). The 
spectra show that the effect of increas- 
ing the primary coordination of germa- 
nium in GeO2 and of silicon in SiO2 

from 4 to 6 is to displace the main 
absorption band 24 and 23 percent, re- 
spectively, in the direction of increas- 
ing wavelength. The SiO2 polymorphs, 
therefore, support the contention that 
infrared absorption spectra may be 
used to obtain information on cation 
coordination in simple compounds. 
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Based on the expression for the sim- 
ple harmonic oscillation of two masses 
about a point, 

2f ( k)1!2 
2s \ 

(where f is the frequency, k is the 
force constant, and IA is the reduced 
mass), Dachille and Roy (2) suggested 
that the ratio of the squares of the 
wavelengths of the main absorption 
band of pairs of polymorphs may indi- 
cate the magnitude of the effect of co- 
ordination on the force constant. Our 
data give ratios of 1.54 and 1.49 for 
the GeO2 and SiO2 polymorphs, respec- 
tively. 

The data of Lippincott et al. (1) 
and Dachille and Roy (2) give 1.51 
and 1.48, respectively, for the GeO2 
polymorphs. These differences may be 
attributed to the broad character of the 
main absorption band for the rutile 
form of GeO2. The effect of coordina- 
tion on the force constant is not only 
large but of the same magnitude in 
GeO2 and SiO2. 

The quartz and rutile forms of GeO2 
and SiO2 may be used to show the effect 
of mass on the main absorption wave- 
length for tetrahedrally and octahedrally 
coordinated germanium and silicon. 
The ratio 

[(X2 /1)!G2/ (X2 /,a)SiO2] 

for the quartz forms using our data is 
1.18, and with the data of (1) and (2) 
it is 1.16 and 1.23, respectively. The 
corresponding ratio for the rutile forms 
is 1.22. The effect of mass on the main 
absorption frequency is apparently in- 
dependent of the crystal structure. 

Dachille and Roy (2) found that the 
following empirical function gave con- 
sistent values for the quartz forms of 

BeF2, SiO2, and GeO2, and the rutile 
form of GeO2: 

K - (CN) (/X) (AA + AX)113 
(ZAZX) (X2) 

where CN is the coordination, [L is a 
reduced mass term, (AA + Ax) is the 
sum of the atomic numbers, ZAZX is 
the valence product, and A is the main 
absorption wavelength. Three sets of K 
values for the SiO2 and the GeO2 poly- 
morphs based, respectively, on pub- 
lished data (1, 2) and our study are 
given in Table 1. The Dachille-Roy 
function evidently holds well for these 
simple oxides, and the agreement is 
within 3 percent of K - 0.171. 
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Pollen Sequence at 

Kirchner Marsh, Minnesota 

Abstract. A pollen diagram from Kirch- 
ner Marsh, southeastern Minnesota, re- 
cords a continuous vegetation sequence 
from the time of Late Wisconsin ice re- 
treat from the region. The late-glacial 
and early postglacial portions of the 
diagram are correlated with a radio- 
carbon-dated diagram from Madelia, 
Minnesota. Both -diagrams show a series 
of maxima of pollen types in the early 
postglacial that suggest a significant cli- 
matic change at that time. The Kirchner 
diagram, in addition, shows high percent- 
ages of nonarboreal pollen later in the 
postglacial that indicate an advance of 
prairie elements into the area between 
7200 and 5000 years ago. 

Kirchner Marsh, located on the St. 
Croix moraine of the Cary stade of 
the Wisconsin glaciation, is about 18 
miles south of Minneapolis. The pres- 
ent vegetation of the region consists 
primarily of oak forest, principally 
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