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Absorption Spectrum of Crystals at Low Temperatures. I

The Effect of Temperature on Spectrum of Benzene ’ ' : -
and its Monoderivatives® ‘ - \/_/\2,?2_9'!‘1’/
Eizd KANDA and Ikuji TSUJIKAWA \
\/A@{/
W
W™

The Research Institule for Ivon, Steel and Other Metals.
(Received Dec. 10, 1949)

Synopsis

We observed the temperature effect of absorption bands in benzene and its mono-
derivatives, namely monochlorbenzens, monobrombenzene and toluene. There were

%

a displacement of the bands toward the shorter wave-length and a nhrrowing of the /50?‘(
bands, when the temperature was decreased.
‘About benezene band we studied theoretically the effect of thmpe'rature and ob-
tained considerably good results which agreed well with experiments, the band shift is
proporaiohal to thermal energy and the half-intensity breadth proportional to a root of / m”K

thermal energy.

E. Kanda and I. Tsujikawa, Science Reports of
the Research Institutes, Tohoku University, 2, 1-
8 (1950).
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TFig. 2. Microphotometer cuives of benzene band.
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Absorption Spectra of Cr**

in Al,Os

Part B. Experimental Studies of the Zeeman Effect and
Other Properties of the Line Spectra

By Satorn SugaNo

Dapartment of Physics, Facully of Science
Undversity qf Tokyo, Tokyo

and Ikuji

TSUIIKAWA

Research Instituta for Iron, Steel and Other
Moetals, Toholnw University, Sondai

(Received April 5, 1958)

The absorption intensities, widths and wave-numbers of 2, By and By
B, lines of Cr3* in ruby for the polarized light 7 LC; and EJ/Cs are
experimentally studied at 20°K and 4.2°K. Zeeman effect is also stu-

died, using a magnetic field =24,

00 ¢, for both R and B lines. The

Zeeman effect has not been observed yet for the B lines, while Lehmann

has already observed the Zeeman effect for I2 lines.

In our results of

R lines, the quantitative aspects of Lehmann’s experiment are improved.
The comparison is made with the theoretical results given in Part A
and it is shown that nice agreements can be obtained when suitable as-
signments of the spectra are adopted and when fairly large g-shifts of

the excited states are introduced.

§1, Introduction

Among the bound transition metal ions
which show extremely narrow absorption
spectra e.g.,, Cr**, Mn*, Co» and Ni** in
complex salts or Cr3* impurity in oxide cry-
stals, ruby Cr3*: Al,O; seems to be the most
appropriate material, as explained in §1 of
the first paper of this series, to start the
studies of these line spectra.

The general behaviour of the many absorp-
tion and emission spectra of ruby has been
revealed by the original work of Deutschbe-
in.? From this we know that, among the
numerous observed spectra, R, R, lines in
the red region and B, B; in the blue region
are conspicuously strong and sharp. Espe-
cially on Ry, R, lines, Lehmann® has examin-
ed their optical Zeeman effect at 83°K and

R v R,
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Possibility of Optical Cooling of Ruby

By Ikuji TsuJikawa

Research Institute for Iron, Steel and Other Metals
Toholow University, Sendai

and Tsuyoshi Murao*

Resgearch Institute of Electrical Communication,
Tohoku Univergity, Sendai

(Received December 6, 1962)

The possibility of cooling by an optical process of ruby is pointed
out. When Cr3+ jons in ruby are optically pumped by photons with a
given energy and emit photons with higher energies, the lattice energy
can be extracted as light, so that a cooling effect appears.
possible heating effects did not overcome this cooling effect, the tem-
perature would be actually reduced. Cooling rates and cooling capacities
are given. If we could have light input powers 10-! Watt or 10-% Watt
for optical pumping, it might be possible to cool from 80°K or 20°K to
temperatures below 1°K, respectively. Technical problems and possible

If some

heating effects are discussed.

§1. Introduction

In 1946, P. Pringsheim® and 8. Vavilov?
pointed out the possibility of optical cooling
for fluorescent solids, and L. Landau® develop-
ed the thermodynamic treatment of this
problem. In 1961, S. YatsivY considered the
same problem by treating gadolinium salts
as an example. For ruby, continuous optical
maser was operated recently with success®
so that it became possible to use intense
monochromatic light for optical pumping. If
the cooling effect in an optical process could
overcome some possible heating effects, the
temperature should actually decrease. The
purpose of this paper is to give an estimation
of cooling rates and cooling capacities of the

* Now at the Institute for Atomic Research,
Iowa State University, Ames, Iowa, U.S. A,

ruby and to discuss some technical problems
and heating effects which may occur or are
inevitable.

§2., Calculation of Cooling Rates and Cooling
Capacities

The energy diagram of the Cr** ion in a
ruby® is shown in Fig. I.
temperature the ions occupy levels 1 and 2.
Let the ions in the level 2 be excited to the
level 3 by optical pumping with photons Avgs.
Denote the transition probabilities of induced
absorption and induced emission by W, those
of spontaneous emission by A's and those
under the influence of thermal motion of the
lattice by «'s. The w's correspend to the
inverse spin-lattice relaxation times. 4. and
dis are respectively initial splittings of the

IR EERBREEIZKDIVE—ZRAWL IR O ATREME DERSL (1963)

I. Tsujikawa and T. Murao,

J. Phys. Soc. Jpn., 18, 503 (1963)

2Eg 29 cm’!
~ 14,400 cnr!
{(r) 4lo) 6lo) 3im) 6lc)
4A2g 0.38 cnr’! |

At the usual '




“Laser cooling: fundamental properties and application”
G. Nemova (Ed.) Singapore: Pan Stanford Publishing (2016).

The history of laser cooling

In 1960, the emergence of a laser, the source of light with a narrow spectral
power distribution, became the next important step for the practical realization of the
optical refrigeration.

In 1963, Tsujikawa and Murao proposed that running a ruby laser, which is
based on a tfransition metal (TM) doped host (Cr**-doped Alumina), in reverse might
result in cooling (Tsujikawa & Murao 1963). Later spectroscopic analysis of ruby shows
Stokes sidebands, which would completely suppress any cooling effects (Nelson &
Sturge 1965).

- In 1968, Kushida and Geusic (Kushida & Geusic 1968) in an attempt to cool a
Nd**:YAG crystal observed a reduction of heating.
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Zeeman Effect of Absorption Line of CsCr Alum

Yasutaro Uesaka, Toshiro Ban and Ikuji Tsunkawa

Department of Chemistry, Faculty of Science
Kyoto University, Kyoto
{Received August 22, 1970)

The Zeeman effect of a sharp line in the red region of cesium chromium
alum was investigated at low temperatures, using the magnetic fields up to
27 kOe, which were applied parallel to the [100], [111], and [110] axes. The g
values and the quantizaiion axis of the excited state of a Cr3+ ion were
determined. Comparing the experimental Zeeman patterns with the theo-
retical ones on the basis of the ligand field theory, it is concluded that the
absorption line corresponds to the magnetic dipole transition from the ground
state ¢4, to the excited state E(2E). Although the transition from the ground
state 44 to the excited state 2A(2E) is not observed, it is suggested that the
energy separation between the two states 2A(E) and E(E) is much larger
than 3.5 cm—1.

HiHe ;

LICs, EiH,

HiH,
£1H,

HIN,
LG - ©
EH,
Fig. 1. The experimental Zeeman patterns with Hy//Cp and L}/ Cy, Ca, and Coat T=20°K,4.2°K, and 1.3
°K. H and ¥ denote the magnetic and electric vectors of the incident light, respectively.

Exp. 20°K Exp. 4.2°K Exp. 13°K
M
; x % X HiH, X
} i 1.1 L " —t
111 . I !
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Theor. 24 20°K Theor, 24 4.2°K Theor. 24 13%K
HiHy | l L M, L HiH, l | .
| T T IAL T e ] T = Y T =
ma, L VT T ' KL,
Theor & 20°K Theor £4.2°K Theor, £ 3%
HH,
Hir, 1 Ll = e L HH, X
A R T [ T
HLH, HLH, I HLH, ‘

Fig. 4. The experimental and calculated Zeeman patterns with Ho//Cy at T=20°K, 4.2°K, and 1.3°K.
x denctes the zero field position of the R line.
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PHYSICAL REVIEW

Possibility of Synthesizing an Organic Superconductor®

W. A. LITTLE
Department of Physies, Stanford University, Stonford, California
(Received 13 November 1963 ; revised manuscript received 27 January 1964)

London’s idea that superconductivity might occur in organic macromolecules is examined in the light
of the BCS theory of superconductivity. It is shown that the criterion for the occurrance of such a state
can be met in certain organic polymers. A patticular example is considered in detail. From a realistic estima-
tion of the matrix elements and density of states in this polymer it is concluded that superconductivity should
occur even at temperatures well above room temperature. The physical reason for this remarkable high
transition temperature is discussed. It is shown further that the superconducting state of these polymers
should be distinguished by certain unique chemical properties which could have considerable biological

significance.

cl—H
- H —:¢c
z 7
c¥— R
cz”s_"" == CH—{ NL-C Fic. 3. Chemical struc-

V4 ture of the proposed
superconducting organic

H —dC polymer. At each point R
c // R on the spine a similar side
7/ chain to the one shown is
R —/-c attached. These side
c-/— H chains are resonating hy-
- ~ brids of the two extreme
i structures shown in the
1 inget, The positive charge
e r—n d=cH—{ N- resonates between the two
2’5 \ nitrogen sites as illus-
l‘ i trated.
T
CHe—N p— CH==( N—
-
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EXCITONIC SUPERCONDUCTIVITY - THE MISSING LINK
W.A, Little

Physies Department, Stanford University, Stanford, CA 94308, U.5.4.

Résumé- On discutera les facteurs qui déterminent la constante de couplage excitoni-

que et on montrera que, généralement, elle est petite. Néanmoins, on montrera qu'en

choisissant les systémes et ses niveaux énergétiques soigneusement, un couplage fort
devrait &tre possible. Dans ce cas, la superconductivité & plus hautes températures

devrait exister.

Abstract- We discuss the factors which determine the strength of the excitonic
coupling constant and show that, in general, it will be small. However, we show
that by proper choice of the system and its energy levels, strong coupling should be
possible. In this case superconductivity at higher temperatures should occur.
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K. Krogmann, H.D. Hausen,
Z. Anorg. Allg. Chem., 358, 67 (1968)

Synthesis of K,[Pt(CN),|Br, ;-3H,0

K,[Pt(CN),]*3H,01=8 1+ 5 Pt-PtfE1 FEE#(30.335 nm T B 5%, K,[Pt(CN),|Br,;*3H,0IZ# 113 Pt-Pt
[ EE A (X0.288 nm&7RY | PLEER D Pt-PtREEERE 0.277 nmITAVMELGY  ERELTRSES.



Electrical Conductivity and Some Other Properties
of the Partially Oxidized Salt of the Magnus Green Salt
with the Formula Pty(NH,),,Cl,,(HSO,),

Ikuji TsusikAwA, Ryozo KuBoTA, Toshiaki ENOKI,
Seiichi MryaimMa* and Hanako KOBAYASHI

Department of Chemistry, Faculty of Science, Kyoto University, Kyoto 606
(Received March 26, 1977)

The partially oxidized salt of the Magnus green salt with the formula
Pts(NH3);0Cl;0(HSO,4)s was investigated as one-dimensional conductor.
Results of the powder X-ray analysis are consistent with a chain structure
proposed by Gitzel ez al. The electrical conductivity shows a sharp peak between
190 and 200 K with peak value extending over 10~!~10-* £2-1cm~! depending
on samples. The metal-semiconductor transition thus found is much less gradual
than those in KCP and NMP-TCNQ. In one of our samples, another transition
from semiconductor to metal on cooling takes place at about 250 K.
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Crystal structure of Pt(en)2][I5tI2(en)2](804)2-6H20

[Pt(en),][Ptl,(en),](SO,),"6H,0
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Fig. 2. Absorption spectra at 4.2K in [Pt(en),]
[Ptl,(en),](SO,), - 6H,0. E denotes the electric vector
of the incident light.

IVCT: Inter-valence charge transfer
from Pt! to PtIV.
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Fig. 5. A possible mechanism for the origin of the A-
band in [Pt(en),][Ptl,(en),](SO,),-6H,0. (a) ground
state, (b) intervalence charge-transfer exciton, (c)
self-trapped exciton, (d) a mismatch of the Pt valence
alternation, (€) another charge-transfer exciton.
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Fig. 3. Absorption spectra below the charge-transfer
absorption edge for E/chain at 4.2 K by various
measuring methods in [Pt(en),}{Ptl,(en),](SO,),"
6H,0. (a) ——: method 1, (b) - - -: method 2 (ir-
radiated with the light above 8000 A by filter
IRDSOB), (c) ——: method 2 (above 6300 A by R68),
(d) —- -—: method 2 (above 6300 A by R63), (e) ===
method 2 (above 5000 A by Y50), (f) —---—: method
2 (above 4600 A by Y46), (g) - - - : method 3.
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Fig. 4 Polanzed single-crystal reflectance spectra of Cs,Ausl, at room
temperature or £ L ¢ (a) and E | ¢ (b), E denotes the vector of the
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Pressure induced Au valence
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Fig.1. Temperature dependence of the
resistivity at ambient pressure, 0.4GPa,
0.9GPa and 1.1GPa. The difference in the
residual resistances 1s attributed to
the difference in samples used for the

measurement. The resistivity at 280K un-

der ambient pressure is 3x‘i0_4 {Lucm)

H. Sato, E. Igaki, T. Nakamura, T. Ban and N.
Kojima, Solid State Commun. 71 (1989) 793.
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