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The experimental determination of the values of w
s based upon the study of the natursl damping of

NATURE us]

The expernnental values for the H -H distances
have not beon included. The value for the H —H,

the various sine.terms king up the el daf.

diss. is btainable from our electron d;ﬂ'mrw-\

fraction msensity curve. By the visual method
these natural damping factors could scarcely be
obtained, The ssctor method, however, makes this
kind of stady possible. To sscurw roliable values all
effocts osumsing extrs damping muss be avoided, and
the geomesry of the electron diffraction apparatus
must permit the study of the largest obtainable
diffraction angles.

Detorminasions of the value of w based
wlectron  diffracsion  expeciments for quite a fow
molecules have been roported during recent years,
though \he tutum) of theew values is not clairmed
w be large,  Several moleeules have been
ssudied b\' I and J. Kaelo, including that of
banzeast.

The imporsant task of calonlating values of o from
spoctroscopio dats was fires undertaken by the
Karlw* and by Morino ef al.?, These investigations
inecluded  suoh barge molocules 8a carbon  tetra-
chloride and 1.1-diffuoroethylene. Dimethyldiscesyi-
ene was studied in the same way, and the resulls
wore compared wish thoes from electron diffraction
studies®,

In the present investigation benzeae has boen
utm.lu.'d. \talum of w were obtained by the Oslo

rosults.  For the H —H, and H,—H, distaness
visluge aro obtamed, bus ﬂwy are boo Wncertain 1o be
included as real measured valoes. However, the
electron diffcaction results do show that the w-valoss
for the largest two H—H distances are of the same
order of magnstade as foe the largost C-—H destunces
They further show that the value of u of the H—H,
distancs & larger than thas of the H - H, dissance.
in ag wish the calealated rosults,

The electron diffraction vahies of I Karke are
within the limits of the errors, in agreement with the
caleulated valuss, with & single exception [(namely,
C,=C,).

Detailed accounts of the electron  Jdiffrsetion
stadics of benzeas as well as of the spectromoopic
caloulations will bo published elsewiers®.

O, Basriasses
S, J. Cyvin
Institute of Thooresical Chemmstry,
Technical University of Norway,

Y Karle, L, J. Chew, Phye., 20, 43 (1902)

*Karke, I, sod Kasle J. J. Clew. Phge. 17, 1082 (194%): 18, 857

diff P and th } vobues Y., l:‘m:l(:‘:-‘ Plge., 20, 724 (1962); 20, 1907 (1953
\-mh\eedu;mnh»\ 1 froqy ies of be 2 -qm e e
and b b i by Beod and | e . . O., and Munthe-Kase, T., Aats Chew.

The ovalustion of the foree constants followed the
procedure of Wilson, Decius and Croes®, and is
stmilar to tho earlr calenlasions of Crawford and
Millee', The vibrations weeo trested as harmonic
oscillasions. The results of these caleulations for
T = 0 and 295" K. wre given in Table 1, together
with electron diffraction data from two independent
invessigationa conducted by us. The results varber
obtained by Karle® have also been included. The
mmpomb-mv bosweon our results obtawmed from
eloctron  diffeaction studies and thw spectroscopse
results 18 very good, particularly for the C—C
distances. For the C—H dissances the devistion
s somewhat larger. This is to be expectod, as tho
eontribution of the C—H distances o the radial
distribution eurve is considerably mmaller than that
of the C—C dstances. The accursey of the valwes
of w & ds upon the y of the zero-line
dotermination of the final radial distribution curve.
The zero line s determined by an experimental
‘envelope' which is somewhas uncertain, particularly
in the innermost region of the radial distribution
cwrve. This i3 probably the resson for the rather
large deviation in the case of the C—H bond
distance.

Tadie 1. C.nc\‘unn AND SLEASTLED vhvnnn Dn—uﬂu- »oe
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A Phase Transition in Casi Plumb
chioride

Ix the course of an investigstion of some corsium -
lead halide 13, & phase tronsstion has been
observed in oasium phnuborhbﬂde (CoPBOL). The=

1 may be o d from plumbous chloride
duuolwd in & hot agquecus solution of casium chiloride
on ecoling?, or -xmpky by melting or smtering cesionm
chioride and plumbous chloride togrther in the correet
stoichiometric proportion. The ceystals are pale
yollow and recsangular in shape. Ab room tempera-
ture they show birefringence under the |-uhrrulu
microscope. However, on heating, m. mluﬂvn“‘v
eolours change Ity and completely
as 46.9°C. This phcnnmrmm is reversible ; u\-l on
ecoling, the interforence colours appear again in the
reverse order. Different types of twin forrnation can
also be observed in thews crywtals ; very common is
twinning with (110) ss the compasition plane

X.ray investigations on powders and single erystals
of cwsium plurmnbochloride show thas she form stable
at room tempersture is tetragonal with axes o
5590 A., ¢ = 5-8630A., whoreas the form stable
above 46-9* C. is cubic with 6 — 5-589 A. The lattice
is primitive, with one molecule per unit cell, and the
struciurs can be described 08 & peroveiite sructure
with the Goldschinidt tolemsnce factor f -~ 0-8,

1436 NATURE

the extra streaks in the same pesitions but the intens:-
ties are different from those of Fig. 1 ,a.

A detailed study of the nnnumﬂ unphcnnnl of
the above ﬁndmgl and their ib tor

November 22, 1958 .. 152

to green region and CaPbl, n the red region, that is,
the spectral region which s complementary to the
colour of the crystals.

is in progress, and the resulta will h-\ puNuhn‘d
elsewhere

E. Sixpoa
W. A. Woosres

Crystallographic Laboratory,
Cavendish Laboratory,
Cambridge.

Sept. 1L

' Newbarger, M. C., T Kvistallagr. 83, 314 (19345

Crystal Structure and Photoconductivity
of Camsi Plumbohalid

Wxeest and his collaborators have shown thas eeya-
tals of the general compositions CaPb.X, with X — (1,
Br or I, and Cs,PbX, with X ~ Cl or Br, may be
propared from aqueous solutions. I have investi-
gated the structures of these erystals and aksy pre-
pared a fow more. [ have found® that CsPRCI,
and CsPbBr, have the perovskite structure. A room

PP they are nally or monoclinically
distorted. lhnh of them, however, show transition
10 pure cubic perovskite structure, st 47°C. and
130° C. yespectively and  with cell  dimensions
@ = 5-800 A, for CsPRCl,. o = 5:874 A, for CaPbBr,
Whereas no extra or forbidden Xoray reflexions can
bo observed above these transition temperstuves,
CsPbBr, below 130° C.—and presumably abso CaPbCl,
below 477 C.—exhibit & new structure correaponding
to a doubling of the cell dimensions. The transitions
are likely to be of second order 88 AV — 0 within the
limsts of scourscy of my measuroments.

The CsPbI, wtals from agueocus solution are
orthorhombic with spsce group No, 62 Pama and
o= 4-TOSA, b« 1045 A, ¢=1T77T6A, The
X.oray analysis yields all the atomie positions and
mterstomic distances : the lesd atom I8 surrounded
ootabedrally by =ix jodine atoms at distances 3-01
342A, and nine lodine atoms form distorted
ditrigonal pyesmids around each cwsium stom as
distances of 3-874-19 A. The lead and iodine ions
form chaina muclear complex ions parallel to
the a-axis of the crystal. On beating these crystals
to 305-308° C. they undergo o phess change and
the colour changes from yellow to black. This black
form which may also be obtained by melting cmsiom
odide and plumbous jodide together in the correct
stoichiometric proportion s rather unstable, and
benes had to L\ nvestigated on a Geiger-Mualler
diffractometer. From its powder disgram it appears
to have & monoclinically distorted perovskite struc-
ture (@ = b = 6104, c = B-23A 8 « 83157, It
shows the same kind of superstructure as CsPbBr,,

It i interesting 10 note that the above-mentioned
crystals  with perovekite structure are intensely
coloured : CaPbCl, & pale yellow, CsPbBr, is orsnge
and CuPbl, biack, whercas crystals of the type
Cs,PbX, with X = C), Br or I are colouriess. From
this peculisrity one might guess that the former
crystals also have special electrical properties. With
A very crude apparmstus wo have found that the
coloured CaPbX ,-crystals with perovskite structure
ars photooonductive, CaPbCl, having its maximum
#pectral mensitivity in the viclet, CaPbBr, in the blus
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A detailed of this work will be published
elsewhere.

Crz. Kx. Motzxe
Chemical Laboratory,
Royal Veterinary and Agricultural College,
Copenhagen.

CWells . L., Z. ccory. Chem., 3.
* Muller, C. K., Networ, 180, D51 (16

(1993}

Nuclear Magnetic Resonance in 5-Brass

Bloembergen and Rowland' have shown tha: the
addition of small smounts of zine to copper reduces
the mtensity of reonance in the resulting alloy so
that the line becomes unobservable whea the zine
content resches approximately 235 per cend. They
explained this effect in terms of quadrupole broaden-
ing and pointed out that, in ondered structures with
cuble symumetry, quadrupole broadening should be
absent and & line would be oxpected. However, they
found no resonance in & 5-brass of about 30/30 com
position {quoted by Beidgman® as 47 -3 per cent zino)
and they suggested that the ondering was not
emnphe

Experiments in this labortory have shown that
there & & strong copper-63 resonance in & 5-bease
containing 4833 per cent zine by weighs, The
specimmens wers propared by filing st room tem-
perature and sieving through » [20-nwsh swve,
annealing for 2 hr. at 450° C. in an anron stmosphese,
and then slowly cooling to reom temperature. The
detecting apporstus wie & convensional FPound-
Knight-Wastkins type of spectrometer opernting wt
approximately 596 Mes and a ‘Varan®™ 12-m
clectromagmet set 8t approxisnately 3,250 oerstad
All experiments were done at roomn tempersiure.

The main features of the resonance hne for the
annealed powder srv as follows: (1) The line =
symmetrioal with the centre located 5-2 ke.fs. below
that for well-annealed copper of 9998 per cont purity
under the same conditions. Thiz nwwns that the
Knight shift (AH/H) for copper in & well-ordered
f-brogs structure i approximately 014 per cent,
as compared with 023 per cent for pure copper
{2) The mtegrated ares under the absorption line i
one-sixth of the srea under & line obtained from a
qxnn- n of pure copper containing the sme number
of copper nuelei. (3) The line for 3-brass &s appreciably
narrower than that for pure copper, this smaller
dipole broadening being consistent with the fact that
the next nearest copper neighbours are farther away
than they are in pure copper (4) The lins can be
liminated almost § Iy by piastic deformation
This was shown by tr--m ‘& specimen immediately
after filing and sieving.

The detailed effects of deformation, heat trestusent,
and varistion of composition have been studied and
will be described olsewhere.

G W, Wesr
Diviséon of Tribophysics,
Commonwealth Scientific and

Industrial Rescarch Organization.

University of Melbourms

Oct. 16.

! Dloembengen, ¥, and Rowland, T. J.. dets Met, 3, 730 (7535)
*Brddgman, P. W.. Prer. dowr. goad,, 84, 1S (1965)




Crystal structure of CH;NH;PbX;perovskites (X=I, Br
and/or CIl). From wikipedia.org
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Organometal Halide Perovskites as Visible-Light Sensitizers for Photovoltaic
Cells

Akihiro Kojima," Kenjiro Teshima,* Yasuo Shirai, and Tsutomu Miyasaka*'*"
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6.5% efficient perovskite quantum-dot-sensitized solar cellt
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E Direct detection of X-ray photons by I

solution-processed lead halide perovskites.
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E Direct detection of X-ray photons by solution-processed lead halide I

perovskites A, s _b o c[ 2
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E Direct detection of X-ray photons by solution-processed lead halide I

perovskites

b 10
~
g Ors TAvAVAVATA e e s s LS
<
é -5
.10
\ -15 AAAA -' LLE -
6\35‘3 -025 O 0.25 05 075 1
C d Bias (V)
-~  [X-ra CH.NH.Pbl. | &5 o o
S 100, Y Oop| B Xray
- on 20t .
D < |
=0.75| = >
= +— 15¢ O
S 0.50 & =
= £ 10} o
0.251 >
S J off L 3 5l =2
S 0.00 ° b
< | | Reference £ ol | , . | S
0 2 4 6 8 0 5 10 15 20 25 w

Time (ms) Dose Rate (MGy__s™)

S. Yakunin et.al. Nature Photonics, 2015, 9, 444 - 449

10
S.Yakunin, NSS-MIC 2017 KovalenkolLab, ETH Zurich and Empa



Direct detection of X-ray photons by solution-processed lead halide
perovskite single crystals

ETH

zurich

More than one order
better sensitivity to X-rays
than polycrystalline films

11
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a X-ray photons
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E Direct detection of high energy y photons by single-crystal of lead I

halide perovskites
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E Counting detection of high energy photons by single-crystal of lead I

halide perovskites

137Cs A=2.2 MBq
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Counting detection of high energy photons by single-crystal of lead

halide perovskites, energy resolution
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Counting detection of high energy photons by single-crystal of lead

halide perovskites, energy resolution
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E Counting detection of high energy photons by single-crystal of lead I

halide perovskites with mixed composition
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E Counting detection of high energy photons by single-crystal of lead I

halide perovskites with mixed complco)sition
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E Counting detection of high energy photons by single-crystal of lead I

halide perovskites

d 1.00 ¢

o =

2B, \ FA/CsPb(I/Br),

2 075}

§ |

= \

S 050t \

N \

S 025-  MAPbDI,

0_00 asaaal bbbt aaal bt asl bbb aasal Aededendeddaal
0.01 0.1 1 10 100
Time (days)

O. Nazarenko, S.Yakunin et.al. NPG Asia Materials, 2017 9, e373.
S.Yakunin, NSS-MIC 2017 KovalenkoLab, ETH Zurich and Empa

24



Solution-grown CsPbBr3 perovskite single crystals for photon

detection.
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Conclusions

Beneficial factors in perovskites for hard radiation detection:

1. Heavy atoms, strong absorbance

2. Defect tolerance, low trap density, effective charge transport
3. Solution growth, cheap and easy in production
4

Stability issues might be avoided by variation in composition
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