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I n  t.hi s paper t.he , opt.i cal charact.er i st.i cs of t.he semi magnet.ic 
semi conductor Hg 1_xMnxSe i n  t.he r ange from t.he ul travi ol et. t.o

far i nfrared par t. of the spectr um of t.he el ekt.romagnet.ic 
radi ati on , at. sever al temperatures in t.he i nterval from 10K 
lo 300 K were studi ed.  In t.he wave range from 300 - 900 nm 
lwo maxi ma  were observed i n  lhe r efl ect.i on spect.r a · at. 430 nm 
and 820. 6 nm·. stemmi ng from · lhe i nler band el�rt.ron
lransi ��ons i n  HgSe. The phonon modes al �bout. 101 cm a�q 137 cm st.em from t.he HgSe l atti ce vi br ati on , and at. 215cm 
from t.he MnSe l attice. 
By t.he anal ysi s of t.he r efl ect.i on spectrum t.he dependence of 
the i magi nar y par t of the di el ectr i c  permeabi l i ty on t.he wave 
number . &2C w) ,  as wel l as the val ue or di el ect.r i c

permeabi l i  t. y  a t.  very hi gh frequenci es were det.ermi ned. The 
temperature dependence of t.he r efl ect.i on spec�rum i n  t.he' 

- 1  range from 50 - 600 c m  show t.he presence of a very st.rong
pl azmon-phonon i nteract.i on.  

I NTRODUCTI ON 

The semi magnet.i c  semi conductor Hg0_ 89Mn0_ 1 1Se occurs by

al l oyi ng HgSe C havi ng a proper t.y or a semi met.al , E = -0. 10eV )g 
wi th MnSe ( magneti c semi conductor , E = 2. 5 eV) /1/.g 

Mercur y sel eni de has sphal eri t.e crystal structure C a=6. 084 A) 
with tetrahedral coordi nati on /2/. The stabl e modi fi cati on of 
manganese seJ eni de a - MnSe has a crystal st.ruct.ure or type NaCl 

C a  = 5. 642 A) wi t.h octahedral coordi nat.J. on and t.wo met.ast.able 
modi ficat.i o�s (3 - MnSe and r - MnSe • ar-e of" sphal eri t.e t.yp:
C a = 5. 620 A)0 i . e. wurt.zi te type of crystal structure C a = 4 . 12 A

and c = 6. 72 A) /2/. 
System HgSe - MnSe is a sol i d  sol uti on for x < 0. 385 and i t.  

has a sphal eri t.e structure wi th t.he ! at.li ce �+'slant. l i near l y  
decreasi ng wi th t.he i ncrease of t.he content. of Mn i ons /2/. 

The opti cal :features of HgSe are st.adi ed i n  the regi on of 
pl azmon-phonon and phonon-photon i nteract.i ons /3/, /4/, as wel l as 
a - MnSe spectra i n  t.he regi on pl azmon-phot.on i nteract.i on /6/. The 
opti cal spectra (3-MnSe were not. st.adi ed . We do not. know whe�her 
opti cal studi es of the semi conduct.i.ng compound Hg 1_xMnxSe were
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"per.formed 
i nt.er act.i on . 

i h  t.he �ange pl azmon-pholon and phonon-photon 

The paper provides t.he .fi rst. prel i mi nary measurements of t.he 
re.fl ecti on spectrum of' t.he semi magneti c  semi conduct.or 
Hg0_ 89Mn0 1 1Se . The paper par ti cul ar� y anal yzes the pl azmon-photon .

phonon-photon and pl azmon-phonon i nteract.i ons 
t.empe�at.ure i nterval from 300 K t.o 10 K.  

EXPERI MENTAL 

i n  a wi de 

The i n.frared r efl ect.i on spectra of the semi conducting compound 
Hg0_ 89Mn0_ 1 1Se were recorded on Bruker 1 13 V FTI R spect.ro-

-1 - 1  · 
phot.omet.er i n  t.he 5000 cm C 2µm) - 50 cm C 200µm) regi on . 

I n  order t.o establ i sh the mol ar percent of MnSe and HgSe i n
t.he samp� es  used , whi ch were prepared at. t.he I nsti tute of Physi cs 
of' t.he Pol i sh Academy of Sci ences , t.he X -ray structural anal ysi s 
of' the powder was made. 

The sampl es obt.ai ned by cut. t.i ng the i ngot. normal 1 y at. i t.s 
axi s ,  were prepared i.n the shape of thi n .  wel l pol i shed sl abs . 

The re.fl eet.i on spectra were regi stered at. the temperatures : 
10 K ,  60 K .  150 K .  200 K and 300 K .  

RESULTS AND DI SCUSSI ON 

The powder di agram of the sampl e Hg 1 _xMnxSe C x = 0. 1 1) i s

shown i n  Fi g.  1 .  From the posi t.i on of t.he denoted di f'racti on peaks 
0 

we .found that t.he l atti ce constant. of these crystal s i s  6. 046 A .  

whi ch accordi ng t o  /2/ corresponds l o  the sol i d  sol uti on 

Hg1 _xMnxSe wi t.h x = o. 1 1 .

�- 11241 I i . 1 • · i 1 l 1
-:;i - • 

;J .. J .l 
Fi g. 1 .  � 
The powder di agram 

Hg0. 89Mn0.  1 1Se 

IO lV 

Fi g. 2 shows the r e.fl eet.i on spectrum of' Hg0_ 89Mn0_ 1 1Se i n  the

regi on f'rom 250 - 2500 nm. Two maxi ma  at. 430 run and 820. 5 nm are 

clear l y  vi si bl e. Thei r posi t.i on does not. change wi th t.he change of 

MnSe concent.rati on i n  HgSe . Apart .from that. si mi l ar changes were

f'ound even i n  pure HgSe /3/, so that. wi t.h certai nly i t  can be

concl uded that. the maxi ma  observed st.em .from el ectron i nter band 

transi t.i ons i n  HgSe .

Fi g . 3 di spl ays t.he re.fl eet.i on spectr um i n  t.he range of wave � 

numbers from 500 -5000 cm - 1  There i s  al most. no change o.f t.he
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refl ect.i on coeffi ci ent i n  thi s range C R � 30 - 32 %) 1 except a

sl i ght. i nc r ease of about 2000 cm- 1  Thi s coul d be perhops l i nk ed

to t.he ener gy gap o.f thi s compound hayi ng i n  vi ew the res ul ts o.f 

t.he paper /6/ . wherei n on the basi s magnet.oopti cal measurement.s 

t.he band structure of semi cdonducti ng compound Hg 
1 

_xMnxSe i s

determi ned . 

t() 

•.- ·
� u 
:s: 
i:: JO 

::i .. 
� .. ..

n 

!,l. i  

... . 
t_ JI. I 
� 
� 21. 1  
ii: 

I I . I

1108 

8 . ,  I· 

2eot 

511 1181 1 581 1111 1SII 51111 5511 4HI 4SII 5181 
VAYCNIJNBl115 p .. ] 

Fi g.  2. 

The refl ecti on spectr um 

Hg0_ 89Mn0 _ 1 1Se at room

t.emperat.ur e  i n  the 

r egi on from 

290nm to 2900nm 

Fi g. 3.  

The refl ect.i on spectr um 

Hg0_ 89Mn0_ 1 1Se i n  the

regi on from 

20µm to 2µm 

- 1  - 1 The r efl ecti on spectra i n  the regi on from 90 cm to 600cm • 
at temper atures of 10 K .  60 K • .  190 K .  200 K and 300 K are shown_\n 
Fi g .  4 :.. 1 Three osci l_!.ftor s wi th TO .frequenci es at about 10 1cm •
137cm and 219 cm ar e cl earl y noti ceabl e. The fi r st two modes 
are at frequenci es whi ch ar e ver y appr oxi mate to those i n  HgSe
/4/ . whi l e  t.he thi rd mode , whi c�+ i s  accor di ng to paper /7/ 
sensi bl e to t.he compos.i lion of Mn i ons i h  crystal s Hg 1 _xMnxSe 

probabl y cor r esponds t.o the MnSe vi brati ons . Si nce the vi brati onal 
spectra �-MnSe are not. known , anq_ fs a-MnSe has t.he str uct ur e  o.f 
t.he type NaCl wi th w

TO 
= 141  cm /9/. we can assume t.hat. the 

219cm
- 1 mode represents TO mode �-MnSe .
Besi des _t.fe three . modes menti oned above we not. i ce a mode 

about. 400 cm whi ch is par ti cul arl y clea_rl y pronounced at. l ow 
temperatur es . I t  st.ems probabl y from i nt.er band el ectron 
tr ansi t.ions i n  Hg 1 _xMnxSe. I ts more detai l ed deter mi nati on i s  not

possi bl e because the band str ucture o.f t.hi s mater i al i s  not 
suffi ci entl y known . . 

Fi g.  9 pr esents the dependence o.f the i magi nary par t of the 
di al ectic per meabi l i ty &2 on t.he wave number , at 300 K. The maxi ma

o.f thi s  functi on repr esent. wTO frequenci es o f  t.he osci l l ators

obser ved . Apart 1'rom that. , by t.he K-K anal ysi s. the val ue of the 
di el ectr i c  per meabi l i ty was det.er�ned , too . at. ver y hi gh 
�requenci es &00 = 1 1 . 7 C at � = 9000 cm ) .  
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Fi g . 4 .  

The r efl ect.i on spect.ra 

Hg0. 89Mn0.  15Se at.

vari ous temperat.ures . 

For cl ar i  t.y sak e ,  t.he 

spect.ra are i nt.erspaced 

by about. 0. 15 

Fi g. 5.  

The dependance of 

& C w  opt.ai ned by
2 J 

Kramers-Kroni g ' s  c.J 
anal ysi s  of t.he 

r efl ect.i on spectra 

Hg0. 89Mn0 . 1 1Se 
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More det.ai l ed anal ysi s  of these spectra wi l l  be possi bl e onl y 
upon the numeri cal harmoni sat.i on of paramet.ers accordi ng t.o the 
mode for phonon-pl azmon i nteract.i on , as wel l as t.he measuri ng 
resul t.s of' transport. paramet.ers of thi s mat.eri al dependi ng on 
t.emperat.ure ,  However , on the basi s of t.he shi ft. of pl asma mi ni mum 
t.owards hi gh�1 wave numbers . at the_1 temperat.ure decrease 
C c.>

mi n � 300c� t.o 300 K .  w
mi n � ,390 cm to 10 K) , i t.  can be

expect.ed that t.he concentr at.i on of fr ee carri ers at t.he t.empe­
r at.ure decrease enhances or/and t.he effect.i ve mass decasy /8/. 
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