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Analysis (QPA) in X-Ray Diffraction (XRD). Its accuracy mainly depends on the reliability of the RIR
values. However, current mainstream theoretical methods can only calculate RIR values for phases
with known crystal structures. To address this issue, a method based on the total coherent scattering
power of the unit cell has been proposed. This method can be used to calculate RIR values for phases
with unknown crystal structures, but it has a high computational threshold and requires many pa-
rameters. Therefore, to further improve the applicability of theoretical RIR calculations, this work
develops the coherent scattering approach further. It shows that the RIR value can be calculated using
only the unit cell parameters, the chemical formula of the phase, and the corresponding diffraction
information. By comparing the calculated results with the RIR data provided by the Crystallography
Open Database (COD), good agreement is observed between this method and mainstream theoretical
methods. In addition, this method does not require detailed crystal structure information or the
chemical content of the unit cell. Therefore, it has wide applicability and strong potential for practical
use. It also expands the scope of theoretical RIR calculations and helps promote the application of
the RIR method in QPA.
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7€ B AH 4 HT(Quantitative Phase Analysis, QPA)E AN X I 263 KA1 5 (X-ray Powder Diffraction, PXRD)
I BN 2 —, AT DU IR S Wk A AT S BT SR v SR A 1 vh % 2H 23 AH ) B 54 #R [ 1]-[3]- QPA 1)
B B S — A A AR AT S SR P S AR IR SR B B RAE L . TR A AR i R —2H A Y
R, A AR AT 5 P o 2 28 2 A L AR AT SR e bk i . AR, S [RIZEL 2 AR AR T8 R ) _ASE 1), X
SR SMERTE O, TR EORAT S o B AT & S bR AR A B A AL PR, DAY BR AN [RI 4H 3 A A
HACE RE 0 72 53 iy SR 520

TR — @A FE LT, QPA JTVEKE M Z I RME . (41 QPA J7ikF B NARE
[4]-[6]0 W ARTE BRI IS (R it Hh DN AR D B 1 FEAATRSORRE F F48, AT DASRAS B R R 45 51
RAZTT A RSO, AEEE 5. WD red, ER, 5 APRERT E B, ZhiE
BRAMRIFE it SCERSMOAT S B J R g S m A el 28, DRIz VETE SRS ERERT BB, 1 Rietveld QPA
J7 iR —FhIGhR R QPA J77%, HAE FH A 40L& J7 v T L/ — 28 R G iR 2200 s RN sg i, B )
e R EE[ 7] [8]. AT, Rietveld FEEHIEU A MO R 2%, HRZ B — AR KBTS 5% AR B4
SHREY TR A A B AR SR E B AU TS A T RIMI[9]. B, X EAE X & A R A AR S5
2 7 A B E SR AR R S AT 0 B T .

TS, %584 U (Reference Intensity Ratio, RIR)JEFE A& AR FIAE A MM H , A RIR &
BIEHbIM S S HYAHEELL 11 IRE IR R AR AT B b, B AR T 5 B0 o ) B s R Ak
T SRV 5 225 WD AH R AT S P v F1 i SR FIE AT ST U () 5 2 2 B, P NI s (- ALYOs) 2 B 5 DL IV 225 WAl
[10]e RIR VEAEAT B LAEAER A0 “T7 (I AP ARRE ", el 5|\ — A LS B YR L
(19225 W) R 2 NI ) e e e DAy ko 1) S P o 4, TS b bl 1 B R ol 2R I R, P DA AN R )
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FHIR & - AT SR B AT AR AL AR R 1] BEONE B E, HEERE T4 M RIR E, JAFHE—1
AT S, RIR VEEE GRS 0HR AW SEILm AL “Tohnke” Mg 0T Bk, RIR o —ME R, &
R & TSR QPA ik, TEE FLRAEA Dok A b 88 T AN B AR AL [12].

AR, RIR V@A IBZHEE, BRI TR R AT i B i, ST B fi I ) RIR AF A9 74
WiRE . RIR fHBI3RAS FEEG MA@, 40l Seseill Sk B TH 4 [10]. B RIR #E&# 2 Lok, Siig
ISR AN R AL RIR i BOWL LA T B, FARSAAE T R ig S S S i H AR VAR 7E 45 58 B R AT
PE R AT S e L. SR, Rk E Y RIR R S50 00 & 1A T IR, EL2S 5 52 B it R SO 3s8 R A 28 55 [
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M G923 58 Ebm 28 AT AR (1) RIR B 6 2 T 2 /b B b i P B0 BF 3R  SR  fi 22
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ML HUR BE 27 R, 38 AT AT #R 5 R, AT DU — R 51 R O b B 1) 5 A R O Rk
LE FRYIAR I R T 5 RI[13]0 JRZEMEIEE b, 320 T —Fhal LR A d iR S5 /A ) RIR BT
Wi, WA FREAE SRR A SE S0 DL OKE B AT SRS AR DA A
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P2 RIR J77AE7E QPA HHHINFH o

2. HHIRE

PETC 76 [B] 58 BSOS 1) XM ZRATIAX b, X PR AT S gt AT R I,  ZH 50 A & RS2 &% TR (k) )
RIBUNGRIE 1, )
e4 2«3 1 Wj

Ik,(hkl) :W 0 R Thm) | F T
JJ

EW%(MD%*%N%%%&%%ﬁﬁ%ﬁ,meAWE@¥M%ﬁE%%¥EE,cmﬁﬁ,hm
ANIHAGRIE, R AR BIRN AR IEE, 42 X ML, w,« p MV, 2RI k K522

HIL SRR B B G PN ke FTHSRECN (hkd) N 102 FPE DR 745 08 R FR86 462 - R

PRIFTF 5 TR A R S R R R R L
PRIk, HR4E RIR fI5E L W43 RIR (A Rik A0y

h

(M

(hkl hkl)

Ik max
RIR, ;=== @)

S max

X, RIR, 2 BRI kA T2 M B RIRE, 1, AT, 7
SRR 11 RS, A & FUR £ AT S PR o o o 0 1) 3 P
Fit, BARDHRANAZR(R), RIR AJLLERRA

G

k,(HKL)

7 HREAE AR k ZE Y f

2

*prz*P<

HKL> k,(HKL)

RIR, , = . 3)

G

f(HK'L)

*p * P, 7

HK'L > f(HK'L)

DOI: 10.12677/app.2026.165050 549 I EEY/BEH


https://doi.org/10.12677/app.2026.165050

T &

R, (HKL) Gy Prsy T Fy gy S BR AL ke SESRMEATSIH — X B SRR R A AL
W16 % - AT ZEMERTSEET (HKLY G, ey~ Priery~ Frnery FBRBHM k Bt

SEIGESOF I8 PR — 2L N PR A RS S AR TR 81625 - I 7. ZEMERE T 58WE T
R, AR,

Ik,max / Gk,<HKL> _ (HKL) ‘F HKL) (4)
Loy [Gogmy 2
k(hkt) [k, (hkd) F;c’<hk1> * Fk’<h]d>
Rk, HAR@) R,
2
kmwc/G HKL) Bc(HKL) * Ec(HKL) T k(HKL) ‘F HKL) )
= > =
% ] hkl /G hkl> z P hk/ hkl>‘ Z|F}c,hkl|
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3. Wi

NEGUEIX — B A R0, AR SCEEE T SR 22 I B 2 (Crystallography Open Database, COD)f%{
PEAE MRS B COD HdE 222 H i A RUSR K . 2 AN AT BE fie vt 1) % 2R U b AR S5 A B B, R
JITAT 4 B 94 36 2 (R bR e Ak df A 2745 S8 301 (Crystallographic Information File, CIF) [15] [16]. i £ SZ BRI
PRI TR, 2 BURR R AT S 0 2 (A Mateh) 23 32EL COD #is o b 45 Ko {5 8., 3t ™ i)
A AT S A ST BB VB, DT AR B T AAR RS B A 40 M 1 ARAT S Bdf 2 . PRIk, DA COD %t
I PE B @ ¥ COD T Bl FEA T bR — ANt E, Hdfg—% HEGE#PRE T RIR {8, ZEW
DA A SO B 285 SREAE A B2 (0 ) A b o 2 S BR B Z VA TE SR BN i AR S5 A AR TR RIR B, AEAEAE
DASR AT IR AZ RS 00 (0 ST AR5 0L, BRI, N T R B NG 0k — {3 A AT 3R A 5 k5, A
TR R A TR R R TR — I E A 1.

3.1. BUREHE

B, ARSEA COD fiT S 50 F Hh 14k 27 SRR ) i BE AR 11 5 1 — 28 ID SERTRIAH ) RIR 1H,
W 1ZAE S COD ATit s e R i S kAT 7T b, S5k 1 for. M 1 Fal %, A CoD fiThf
B P v A 2 OFURE DO R P TH R R 1) RIR B 5 250405 e v A 1) RIR A BA B — 2k, Hordr, (w22
BRITHEEIR B 1D 24 1000000 ¥ AICsH 17N20sPs A, HFH HA AT 30% MR w2, R TTHE
{ELFRIAFDOS i 22 5 i #7E 10% /4. BRIk, RS o] DAB A S A A 22 S8 M S 8 DA S ARG B AT
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Table 1. Comparison between the RIR , values calculated from the relative intensities in the COD diffraction database and
the RIR,, values in the database
F 1. 1R4E COD T ¥IRE T A BEHE LR RIR,, ESEIEETH RIR,, HHIXTEL

cod cal

COD ID Tl 7% ) #E RIR RIR,,
1000000 AIC,;H;N,O,P, P2, /n 1.68 2.166
1000005 H,St,V,E,O, P2,/n 0.783 0.773
1000007 CaMgO,Si, Cc2/¢ 1.271 0.996
1000017 AlLO, R3¢ 0.999 1.056
1000022 CaTiO, Pnma 2.924 2.266
1000023 Cu,Fe,P0,, P1 1.324 1218
1000025 LaNi, P6/ mmm 8.539 7.814
1000026 MgB, P6/ mmm 2.349 2.258
1000028 Na,AlSiCL0,, P43n 3.178 3.363
1000029 YSiy;Al, ;N 5,0, P3¢ 0.916 1.130
1000030 YBa,Cu,0,, Pmmm 4.957 4.301

RN T BRI ITE R E M, ARG TS COD TS EdE E H ID A 1000000~1011263 2 [8]
[ 4000 g PR B Ak 27 SR G 55 5 11 57 RIR {5 COD AT 5 548 122 7 ) RIR AE A B FE R o« A
A FH 3 1) LU AR SR 6 7 B8 i B R, Herh COD A8 %8 12 RIR S48 A B, Wi 1 fis.
B 1 ATR, 4R 280 THE RIR (580408 h 2% RIR (R AR — 8, Kl 53.8% %0k
MZEAE 10%M, H 86%ME R ZELE 20% K, PRI AT DUE A% J7 7253 5 RIR {4 .

Figure 1. Statistical chart of deviation between RIR calculated values and RIR reference values
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f) RIR ZH b2 k. ik, ASCE$E T CIsP (ID: 101411) O4SiZr (ID: 1011261)F1 Y2Mo0,012 (ID: 1005000)

HAEARAAT BRI, Wik 2 fos.

Table 2. Data with relatively large deviations in calculation results

2. BT EERBERKNEE

COD ID 12230 el RIR,,, RIR,,
1010411 CLp P4/n 11.8 451
1011261 0,SiZr [4,/amd 113 5.62
1005000 Y,Mo,0,, C2/m 0.277 14.1

N, ARSCESCER 7R RN CIF, KIS T ClsP (ID: 1010411), FHJFUR KRS 1%L
PEAEAE I, Letn g A St b CLR T B ARSI AR A HL S A5G 1, KBRS ik e, Toskhn

WIEE N, Wk 3 PR

Table 3. Crystal structure information of CIsP (ID: 1010411)
52 3. CIsP (ID: 101041 AN RiAZEHIE R

=y Clp
7 (A P4/n
Al 24 a(h) b(A) c(A) a () BC) y ()
9.2 9.2 7.4 90 90 90
e VA 5 X y z Occ. Site
P 0 0 1 2a
P 0 0.5 0.625 1 2¢
Cl -1 -1 -1 2 4f
Cl -1 -1 -1 1.5 8g

AT 04SiZr (ID: 1011261)%0#E, HA I R A,
WAL, H SRR TET 1, Wk 4R,

Table 4. Crystal structure information of O4SiZr (ID: 1011261)
52 4. 04SiZr (ID: 1011261 M RiIALEBIE R

Fln g iR i O Ji 7/ Ze Ji 73—

(=50 O,SiZr
23 A 14, /amd
LY B S a(A) b (A) c(A) a (") BC) 7()
6.28 6.58 5.93 90 90 90
R A= 55 X y z Occ. Site
Zr 0 0 1 4a
Si 0 0 0.5 1 4b
0 -1 -1 -1 4 4a
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MXTT YaMo,012 (ID: 1005000), H AL MG B0 B8R, W5k 5 Fw. 2, ARSCEEI, 8
Tob o R 8 R T SR PR R AT S PR 0 I P P AT SR SR AR B AN, RO T R IR, AR A T
ICDD PDF4 4 P ID 4 04-010-9995 FIATH#s, 5 HS THREIEAHL, 15 208 vh A7 5 il A7
RN, Hhanf gt &, w2 s,

Table 5. Crystal structure information of Y2Mo2012 (ID: 1005000)
52 5. Y2Mo2012 (ID: 1005000)8 @A 45415 2

S Y,Mo,0,,
7 ) C2/m
Y T a(A) b(A) c(d) a () BC) 7 ()
12.2376 57177 7.4835 90 108.034 90
A= 5 X y z Occ. Site
Mo 0 0.7183 0 1 4g
Y 0.19364 0 0.36027 1 41
Y 0.81488 0 0.1764 1 41
Y 0 0.5 0.5 1 2d
O 0.663 0.2544 0.0818 1 8j
O 0.8454 0.7513 0.4245 1 8j
O 0.5002 0 0.7971 1 41
a) COD#1005000
— I I I i1 l|l 1 .I I J,I j | -t A
S b
aP PDF4#04-010-9995
>
‘»
=4
9
SLL ILL_uL.I._II_LL_hLJLI..LL._AA.._L_._
) Cal#1005000
I + I ' l ! llll lll.“.__ll'I.LLJ_LL_I.‘LA.L_rA.L_L_.’AM_.L
10 20 30 40 50 60 70 80

206(degree)

Figure 2. Diffraction patterns of Y2M02012: (a) COD diffraction database; (b) PDF4 database; (c) Theoretical calculations
B 2. YaMo2012 FOTTETEIE : (a) COD TS %#EEE; (b) PDF4 BU3REE; (o) EHRHE

KL, ARSCATHTE YaMo2012 (ID: 1005000) (AT S Hiis A7 75— e IR i, DRI i B v 53 ok 1
RIR {E A BRI 2 I A RE 75 08 127 VA A 2.

g BRI, BRI 3 RIR HHEAE 556 FE I RIR S5 28K, BT 8RS SE 1 e 5
RECE AT AR A, IR RER A ST IR 7V 8, MR, XK R = T AR SR UV
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BUBPE, RPRAG AT BEE AN RIR 25 HER RO, TSR RIR (B 52 H 04 BA R —5
P, Rz, AT A RIR A6 2 0H — R R R

4. g

ASCHRH T —MOET RIS RIR AR5, RESRRE AL RIRSECL AR BT E B2 T
FNE, Joil AR, AT BATHSRCHUAH R RIR {H. COD i S #icdls Fe i THSE 25 SRR, 07k S
] RIR {E5 COD AT #edis e B BA B 10— Bk . SR, A8 FASCRTR A7 0 R
RIR {8 5 SKPMEAFAE— K w2, HIE A .
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