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Raman spectroscopy and electron probe microanalysis
P Py ¥

Faocture 1o
|
|

Lecture 2:

lecture 3

Raman spectroscopy: simplified theory,
instrumentation, analytical applications to materials
science

Electron prohe microarslysis- theory, instrumentation,
application to high temperature corrosion. Raman
spectroscopy  phase determination in crystal groswth ol
high temperature svperconductors, characterisation of
surface phases on high temperature superconducters

More advanced Raman spectroscopy- polarisation
measurement, factor group analysis, lattice defect
characterisation, thin film siress meastrement.
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RAMAN SPECTROSCOPY
KEY POINTS

« NON-DESTRUCTIVE
. NON-INVASIVE .
. USES VISIBLE LIGHT

« GIVES CHEMICAL AND STRUCTURAL
INFORMATION

o CAN BE USED IN ALMOST ANY
ENVIRONMENT
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ELECTRON PROBE MICROANALYSIS

KEY POINTS

* quantitative elemental analysis for Z > 4
(WD) and Z >11 (ED)

* better than 1 micron spatial and depth

resolution

* point, line and image maps possible
* nominally non-destructive

* used in moderate vacuum

¢ almost all materials are suitable for
EPMA -
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Electron Microprobe

Analysis
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Table X

Summary of resulls with chemical phases

EMPA
Atom %
BYSH/ICa/CwO

32:12:
32:10:
14:14:
30:12:

W ;N W

—_
da
—_
=l
w

0:15:14:
N:lo: 15:

112:41
12144
:14:52
1 9:47

:13:57
5;14:52
:16:40

30:43
33:37

1 16:41

Total
wi%

93
9
95
50

93
85

93

90

90

RAMAN
Sampleno./  Frequency (em'1)
Point

Fhase

1/a 113, 245, 461,631

1/b 111, 105, 541
BigSrpCaCupOp /e 111, 165, 541

1/d 305,477,622

BiySrpCaCuy0g 3/ {07,172, 293,452, 623
BleQCaCuiOB
107, 152, 230, 264, B0, 572, 9%

SrCaCuz0y i/a

5/a 108, 451, 617
&/a 164, 544

‘7/a 218, 271, 398, 542
7/a 116, 273 {defocussed)
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-Group theory of BipSryCaCuy0g

AC,
_802-

AC,
 Factor group- Doy,

_BOP_

AO
¢ Symmetry- Distorted ‘tetragonal

« Reman active vibrational modes-

. KCe) O AD,
6A7, + By, + 7E .
E; E; E; Alsn) O BO- -
B(E) @ v,
B(CW) O B0,
: A,

Oxygen () '

Oxygen vacancy % '

Structural unit cell of BinSrpCaCupOg

showing perovskite octahedra (P’) and rock

salt octahedra (R)
|



‘%; i sty Lﬁ~4¢\ Fiinls
= %“ S v;,fj
h..i,ﬂ - ‘!L_hr J ikT -—‘l‘ &
<ol 4 4131

FHYSICAL REVIEW L

C:.l

VOLUME 39, NUMBER 4

Jatien of Raman- and infrared-active modes of BhCa_St

J. Prade,® A. D Kuhusii a d F W de Werte
Depaciment of Physics, Univceity wp desat, diucin Texas 7€7f'r’

U Schréder i
Unicersadt Regensburg, D840 Regersburg, Federsl Republic of Germg

W, Kress

Max-Fooo b laviou fur FesthoFperforschurg, D-7000 Stutigers 00 Federal Repub

{Received 6 Scpiember 1988) |
i

- 517

2Cu; 0,

ic of Germuny

Kamaun By,

A Ty

T‘:—O__'!
) 9HV"5H .

- !
. o el
® [T

l,i—Fn—:- -
ia)

37

1 FEBRLUARY 199

el 619
)ﬂ 452
L Y
—_ oA
&
: \
-E “N"r"‘)‘-‘*‘*ﬁq
T
= aws o
£ 3 )
: it
= .
g b
"E_ l.s : MW"'J‘I\M:{N-“M‘V-\N.'L
£
M\« 320 .
fa-f“” 453 |
N\Mﬂ"{» \Ww\ 619
. ' ) c)
m*#“ﬁﬂﬂwﬁﬂbk\“w%#ﬁ¢¥
| i | . | i |
200 400 600 800 1000 1200
em -1
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Curves (a), (b}, (c) were



Micrograph of freshly cleaved
face, analysed by Raman micr:

(Iength bar=80 pm).

crystallite

DSCOPY
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200

Raman spectra for E
(a) random ab plan

freshly cleaved single crystal at
o :
orientaticn, and (b) and (c) 907 rotation

in the 2b plane with respect to a crystal edge (see

Figure 2).



Micrograph of crystallite face after 0.5 hr Micrograph of crystallite face after 10 hrs
saturated steam attack. of saturated steam attack.




SEM ima ge of crystalhte face after 10hrs of
saturated steam attack.
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The results of Ramzn analysis of sodel degradation compcun@s.
Tie sharp feature at 1046 en”! in the spectrum qi Bi(QOH), is

due 19 nitrate contamination.

THEORY OF RAMAN SCATTERING

P

Q. €

r induced dipole vector
a polarisability tensor
€ laser electric vector

X abc X

y def y

z ghi zZ

-For phonon scattering, o is always
symmetric

-Every vibrational mode has a particular

scattering tensor, whose symmetry
reflects that of the mode
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EXPERIMENTAL DETAILS

* Align crystal with respect o laboratory
axes and laser beam electri¢ vector with
respect to the Raman micrpscope

* PORTO notation defines the
experiment: e

A(BC)D

A- direction of incident las¢r beam
D- direction of collection of scattered
light -
B- polarisation of laser électric vector

C- polarisation of scattered light analyser

* We can now select the elements of the
polarisability tensor detected and

hopefully identify the Raman vibrations
as specific modes. :

1186
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Folarised Reman spectra of #ingle cryetad waniom dioxide. Fort ot b

show the e
1

perime ntal conditions

COT



URANIUM l)lOX]DEj

STRUCTURE: Fluorite
SPACE GROUP: Oy

Group theory : ng + T]u vibrational mq

Scatiering tensor o :
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Raman spectra of Krion implaned vrandwm dioxide pellets. iy lavation
s camied outst the indicated doses (cm'z), #1200 KeV encsp y ond gt
the wmperstures given. The celculawed yange of the implantis J4ud 2.



DUOLLING ET AL, CEVSTAL DYNAMICS DOF URANIUM DIOMILE 1403

3. RESULTS |

Fizure 4 shows the measurcd dipersion curves for the symumetin directions
lacd, Ie0], and [$42) or, in group-theory notation (see Apgendix 11, 3, T, and
& The frequencies of some selected pormal modes are given in Lable I The
evprerimental uncertainty is geneeally ~2 or 3% io freqdency, bit may be
conviderably larger for the branches of bighest [requency.

TABLE 1

Frequent irs of selected normial modes al vibeation in eranigm diovide

at 206 "k (No spuct-group symbol is shown for the T modes at
¢ = @ which are split by the macruscopic elecsric fipld}

Wave vector roar Frequency

(S S 1] funits W cps)
(0, 0, 0} 16,7 |+0.60 -1
I'zy 3 433016 446(.1')1
- TTransverse] L PYR —

0.0.1.0) M 1% Rampey 7, ooy
My 17 o4 J
M, IR

fire Lo

(I (I

(A0 0 d the

erate at the cone
ct which impeded

[t 3 interesting 1o note that the longitudinal acoust
lawstardinal optic (227 beanches are acidentally dege
Peatitdars (MY within the Timats ol eapaoimental ereor, a
povcise (requeney measureinents in this negion.

The steeply rising 23" branch shows that there is ro gqp in the frequen
distribution between the optic and the acoustic modes puch as one might
evpect as a result of the large difference in mass between odygen and vranium.
Tietailed calculations of the distribution (Fig. 5, Section 4) show that there is
predubly no gap in any part of the frequency spectrum.

The inital stopes of the acoustic branches are consistenk with independent
eeenrerients of the dlastic constants (Wachtman e al. 1968), and the frequen-
ciee of the TO and LO miwdes at ¢ = 0 are consistent with the mearured static
5 1G1Y and high frequency (Ao mann el @l 1959) dielectric constants
(rg and e nespectivelyy through the rcladion (Lyddane e d 1941)
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Fig. 5. |The [requency ditributing fuaction calculated froon the bestfiv 2Tl atet
(Model 1H) The statiszical Bactuativns in the curve (which v in laer, 2 histog-. 7 ot are
too small th be shown in this figure
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Fic. 6. | The measured total speetfic hee O she b claef ety 0 0 o0 0 00
ol B0y The obeenyed anomaly at 4 K icdue toanulerrmmagienc erdecing
measurements. A surprising feature, 35 shown by Fig. 6, is the 1 e

“of the mj

gnetic specific heat abore the antiferromagnetic ordering ten e aare,

Tu. This!sngyests that there is considerable short-range magnetic onda well
above T,
in caleul
(1057
heat, G|
prahably
tribiution

_ The contribution of the normai modes to the entropy 7 2o T "K
ted to he 1632 cal/°K mole, whereas thar measured b Loos e al
1865 cul /2K mnle, The discrepancy between the valo o0 :
and the measured G at 250 °K is 060 cal "I mole Thi-de e
ariees from the diflerence between Cp ared £, the anloaao 0 o
1o the specific heat, and the errors in the measarerent 0
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This gives the reducible 1ej e Ltations, y*:

. C,, E L a0, b
M 15 Q 3
X i 3 O 1
Kot 3 O 1

d

This reduces to give the irrcdueible representeion: 17
Ty =44, = 4, + 5F
Tho = 4. - I3
Th = A, ¢ £

Now,
Fm = r\'.u T rﬂol + r’l‘rw
~ Iy, = 34, + 3E.

v

TABLE IV, AMude assignments for Raman and infrared bands of
A-NilOH]),.
Frequency Symmietry
fem ™) Activity 1ype Assignment
3630 IR A, ASYTOEDELIE xp,,
3580 IR, Reman A, Symametric o
553 R E Daformastion éo,
450 IR, Raman A, Yro
350 IR E OH libration
318 Raman E K1 OH lattice

Ty



