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Appendix A: comparison of the change amplitudes of peak parameters by

smoothing

In order to handle the smoothing changes of peak parameters we hope to find out the
highest amplitude among these changes by which the criterion of smoothing can be set.
The procedure is, firstly, to set a criterion for evaluating the larger amplitude of two

factors in the form oA’B’=D’ then to find out the highest change one from each two

peak parameters after smoothing.

1. Criterion of evaluating the larger amplitude from two factors in the form of

A'B'=D'

Generally equatioAB=D describes the reversed relationship between féctord factor
B. With increasingp, B decreases afice versaf D is constant. The relative changefof
andB in AB=D is given as

(A+A)(B+AB)=D . (A1)
It can be reduced, A>0 andB>0, as

[(A+AA)/ Al[(B+AB)/ B] =1 , (A2)
where(A4 £ AA) / A is the relative change &f(A") and(B = AB) / B the relative change

of B (B).
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So eq. (A2) can be written as
AB'=1 . (A3)
From eq. (A3)A' (orB') increases wheA' (or B') >1 and decreasesAf (or B')<1 and no
change whei\' (or B")=1.
If D varies, AB=D gets the form
A'B'=D' . (A4)
That is,A’' (orB' or D') increases whef' (or B' or D') >1 and decreases whanh(or B' or
D')<1 and no change & (or B' or D')=1. GivenD', from eq. (A4) there still exists the
reversed relationship between factvand factoB'. Numerically creating, if
Case ID'=1 (D is fixed), therA'=B'=1 (no change),
or A>1 andB'<1, AA/A>AB/B, alsoA>B',
or A<l andB>1, AB/B>AA/A, alsoB>A',
Case IID'>1 (D increases)A>1 andB>1, A=(D")0-5andB'=(D")0-5, AB/B=AA/A,
or A>(D")0-5 andB'<(D')0-5, AA/A>AB/B,
or A<(D")0-5 andB™>(D')0-5, AB/B>AA/A,
or B<1 andA>(D")0-5 AA/A>AB/B,
or A<1 andB'>(D")0-5 AB/B>AA/A;
Case llID'<1 (D decreasesp'<1 andB'<1, A=(D")0-5andB'=(D")?-5, AB/B=AA/A,
or A>(D")0-5 andB'<(D')0-5, AA/A>AB/B,
or A<(D")0-5 andB™>(D')0-5, AB/B>AA/A,
or A<(D")0->andB'>1, AB/B>AA/A,
or A>1 andB'<(D")9-5, AA/A>AB/B.
From the above consideration, it is derived tR)0(>is the sole criterion to

distinguish the larger amplitude *f°-9) from A" andB' for all cases |, Il and llI.

2. Symmetric case
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The integral width is defined as the multiplying FWHM by shape coeffickdtthen
there exists

IW = HWXSC . (A5)
GivenIW, HW s reversed t&C Since FWHM increases in the course of smootHiqg),
must be decreasing. From eq. (A5) it gets

IW*/IW = (HW®/HW)(SC*/ SO . (A6)
LetD' = IWS/IW, A' = HWS/HW andB' = SG/SCthen eq. (A6) becomes the formf=
AB'. From the increasing of FWHM\E1), the decreasing of shape coefficiaikl)
and the increasing of integral width in the course of smootiix ] it derives that the
amplitude of FWHM change of smoothing is higher than that of shape coefficient (see
case ). Sinc®' = SG/SCis less than unity\'>1 andD"™>1, from eq. (A6), it also derives
thatD'/A' <1 orA>D’, that is, the amplitude of smooth change (increasing) of FWHM is
higher than that of integral width.

From the section B) of former paper it is deducted that

SC/ISC =(I .,/ 1o J(HW® THW) . (A7)

Let D=SC/SC, A=1.,/] ., andB=HW?®/HW then eq. (A7) takes the form of

D'=A'B'. Since shape coefficient decrease&(SC<1 orSASCG >1), maximum
decreaseslI(,, / | ..,<1) and FWHM increasesii\s/HW >1) after smoothing, that is,

D'>1, A<l andB™>1, according to case I, the amplitudeBofHWS/HW) is higher than
that of A" (157 1ax)-

Eg. (A7) posseses another form(&C/ SC)/(HW*®/HW) =1 /1 ... Thisis the
equation of the form oA'/B'=D' with D'<1, A>1 andB'>1. It is deducted tha/B'<1 and
B'>A' or the amplitude of FWHM change of smoothing is higher than that of reversed
shape coefficient3C/SG).

It is summarised that the amplitude of FWHM change of smoothing is higher than
other six peak parameters (smoothing changes of peak position, integral intensity and

asymmetric degree are zero).
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3. Asymmetric case

The smoothing range of asymmetric peak is classified as the normal and abnormal two

regions. The normal smoothing region is in the range larger than the conjunction point of

Imax @ndIW. The abnormal region is in the range less than the conjunction point (marked

by arrow in Fig. 4).

For the normal smoothing region
For the asymmetric case, k$=HW,/HW,, (discussions for the case A&=HW,/HW

are omitted since the same procedures) so there exists

As® ] As= (HW®/ HW ) /(HW, / HW, ) , (A8)
(HW® / HW, )(As®/ As) = HW® / HW, , (A8¥)
HW,? / HW, = (HW®/HW ) /(As® / As) . (A8*)

From equation (A8*)A'=HW./HW, , B=As’/ As, D'=HW*/HW, . It is derived,
from the decreasing &s (B'<1, getting less asymmetric) and the incrasings\&fand
HW, (D>1, A’>1, broadening), that the amplitude of asymmetric change of smoothing is
lower than that of FWHM in the higher angle side.

From eq. (A8**) (a form irD'=A/B', D'>1, A>1 andB'<1) it deduces that the
amplitude of FWHM in the lower diffraction angle side is higher than that of asymmetric
change.

From eq. (A8) (a form iD'=A/B', D'<1, A>1 andB'>1) it derives that the amplitude
of FWHM in the lower diffraction angle side is lower than that of FWHM in the higher

angle side.
Let prove thatHW,* / HW, > HW,*/HW, > HW,*/HW, and then discuss the

relationship betweemW,* / HW, and As’/ As. Subscript means the total.
SinceHW=HW+HW, then HW;* / HW, = (HW,® + HW,”) /(HW, + HW,)
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= (HW.? /HW,)[(As® +1)]/[(As+1)] and becausAs<As (Ass+1)/(Ast1)<1, hence
HW / HW, < HW,* / HW, .

Similarly there iSHW,® / HW, = (HW®/ HW)[(1/ As® +1)]/[(1/ As+1 )] As theAs<As
(1/AsS+1)/(1/As+1)>1 henceHW, / HW, > HW® / HW/ .

Because both amplitudes of the FWHM variations of smoothing in lower and higher

angle sides are higher than that of asymmetric change and
HW;® / HW, > HW®/HW, > HW?*/HW , it is derived that the amplitude of asymmetric

change AsYAs) of smoothing is lower than that of general FWHMW,® / HW, ).

It is important to point out that this regulation of amplitude of asymmetric change is
only valid for the case of no peak shifting or peak position keeping in the same place.
Once shifting takes place the asymmetric vahg)(is jumping down to lower value or

to closer unity and hence its amplitude is out of this control described here.

For the abnormal smoothing region
Similarly, forget the term ofAs® / As, it can be proved that the amplitude of

I 5! oy 1S the maximum one among these smoothing distortions of peak parameters in

the abnormal smoothing region.

Comparison of the amplitude of FIMW with that of position shifting

Position shifting will take place in the course of smoothing when the peak is
asymmetric. This shifting amplitude is controlled by asymmetric degree, smooth range
and shape perfect coefficiel@$HW). Since the amplitude of position shifting is
calculated by the ratio of shifting step to the d spacing of the reflection (peak) and that of
FWHM by theHWS/HW, they could not compare each other in the forlA'Bf=D'.
However the numeric solution reveals that for a weak asymmetric psek ) the
amplitude oHWS/HW is higher than that of position shifting in the smoothing range from
5 to 51 points witlBSHW >4%. This regulation is upset whas>1.5 andSSHW<4%.



