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X-ray diffraction Fourier fingerprint of Farina Ferrum

LI Lei, WANG Xing-da, WANG Ying, HAN Yong-ping
College of Pharmacy, Southwest Minzu University, Chengdu 610041, China

Abstract: Objective To establish the Fourier transform X-ray diffraction (XRD) fingerprint of Farina Ferrum and to explore the
effect of different processing methods on the quality of medicinal materials. Methods The technology of powder XRD was used for
analyzing Farina Ferrum, and the XRD Fourier fingerprints were also determined. Then the XRD Fourier patterns of six kinds of
processed products were compared by superimposed way, and the K value method was used to determine the content of Fe;O4 in
different processed products. Results XRD characteristic fingerprint of 11 batches of Farina Ferrum was established. Ten common
peaks were characterized, in which the third and sixth peaks were from Fe;0, and FeO, respectively. There were some differences in the
number and intensity of peaks among raw materials and six kinds of processed products, which were consistent with the variation of
mass fraction of Fe;04. Conclusion The XRD fingerprint could be used for the appraisal and the analysis of Farina Ferrum, and the
basis could be provided for the quality evaluation of Farina Ferrum and the option of processing methods.
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RGERZFERAE LI E . 11 #FE R0 TR
S1~S11, P2 H W3 1.1 Terminalia chebula Retz..
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AMAE T RIR K EEEE LS EHFE (hEZ
HL) 2015 FRR—HIFRE s &k, DY BES
A AR A7 NaCl, KREET & i A R A

80° (26), K 0.02°,
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Table 1 Sources of Farina Ferrum

A], #t5 2017E706; Fe;04 LIERIFESDIARA B XM | RS T TSN TE
A, #5 20170615, S1 H#k 2017-03 | S7 MU 2017-04
2 HEEZR s2 i 2017-03 | S8 P4l 2017-04
2.1 SIS s3 H# 201703 | 89 WL 2017-04
Co # Ko 385+; &K 36 kV, i 20 mA, Bk S4 WIS 2017-03 | S10 Uil 2017-04
54951 DS=SS=1°, RS=0.3 mm; A1 8% f e S5 WU 2017-03 | S11 PO 2017-04
a5, PAREEE 2°/min, ELSTH, BHTOHE 25°~ S6 IS 2017-04
k2 MBHIZSH
Table 2 Parameters of processing technology
] i M L vbillpaprs St
Pl HUKAAEL 60 g 1 200 mL 7K HTHL 100 mL, HCHHGA 10 mL ANAELE 5 g, &b 3 h, Hh A A B 2 25

O PP T3 Ja ST AR 10 g R iR G .

IOJFKIRE 7d, BT EEEH
P2 HYPGYAIA90 130 g Jii 200 mL 7K BTER 100 mL, HUATHUE 10 mL IS 5¢, & 3 h,

L !

B e T3 G BN 5% & 2h7K 10 mL 36 2 h, Z/K¥ERi5% 4 WG -5 1 R 4

10 g ZEMIRA, IIFKIRE 74, BT EEH
P3 BU)E 5 g T RRY 10 g DK 20 mL i, BUE 3 Wk, WS-, BiEE E

7d, BT

P4 B F 5 g Al 60 mL ZKBIEL 30 mL A&k 10 g R 120 min, HtT-A 45 5
P5 ¥ 5 g i 60 mL 7K BIHL 30 mL k)@ 10 g 125 7d, M6
P6 U F 5 g i 60 mL 7K BIHY 30 mL JngkE 10 g BT 120 min, HUH v 4% )5 n i+

W, BHETd, BT 5

g2

S
G
RS (%) 1
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Fourier FAWE, WL 1. #5 11 ANEEE B B RS i LA
WINER S I CEPREREMp L &, #
SR JE BT IR XRD-Fourier R8s, WHE 2.
Wt 51 LN LER) PDE ARdE-R F VO, Hor

6 S WAL T (A BER BN FeO (PDF #nifi R F5:
46-1312), 3 SEIA Fe;0, (PDF trifE K H 5
65-3107).

2.4 XRD-Fourier 545! [Ei 57
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Fig. 1 XRD Fourier patterns of 11 batches of Farina Ferrum
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Fig.2 Reference XRD Fourier fingerprint of eleven batches

of Farina Ferrum

#*3 HBAMMEARI 20 d1E

Table 3 Crystal lattice spacing of Farina Ferrum powder

ISR 5 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11
1 20 2663 3029 2655 3014 3031 2998 3016  30.11 2672 3006  30.02
d 3.34 2.94 3.35 2.96 2.94 2.98 2.96 2.96 3.33 2.97 2.97
2 20 30.14 3332 30.13 3328 3336 3302 3325 3322 3022 3312 3344
d 2.96 2.68 2.96 2.68 2.68 2.71 2.69 2.69 2.95 2.72 2.67
3 20 3322 3495  33.18 3558 3564 3542 3554 3543 3322 3553 3542
d 2.69 2.56 2.69 2.52 2.51 2.53 2.52 2.53 2.69 2.52 2.53
4 20 3549 3555 3549 3632 36.14 3584 3579 3623 3552 3626  36.16
d 2.52 2.52 2.52 2.47 2.48 2.52 2.51 2.47 2.52 2.47 2.48
5 20 36.03 3635 3595 3883 4190 36.14 3634 4171 3587 4176  41.64
d 2.49 2.46 2.49 231 2.15 2.48 2.47 2.16 2.51 2.16 2.16
6 20 4177 4096 4091 4174 4226 4166 4171 4207 3627 4214 4204
d 2.16 2.20 2.20 2.16 2.13 2.16 2.16 2.14 2.47 2.14 2.14
7 20 4203  41.84 4173 4214 4326 4204 4182 4311 4176 4315  43.05
d 2.14 2.15 2.16 2.14 2.09 2.15 2.15 2.09 2.16 2.09 2.09
8 20 4313 4219 4209  43.19  57.12  43.02 4218 5697 42.14  57.15 4426
d 1.61 2.14 2.14 2.09 1.61 2.11 2.14 1.61 2.14 1.61 2.04
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k3
s S S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 Si1
9 20 4955 4319 4311 5696 61.16 4958  43.14  61.17  43.08  61.06 5692
d 1.83 2.09 2.09 1.61 1.51 1.83 2.09 1.51 2.09 1.51 1.61
10 20 5159 4753 4985 6111 6268 5206 57.02 6255 57.04 6269  61.02
d 1.76 191 1.82 1.51 1.48 1.75 1.61 1.48 1.61 1.48 1.52
11 20 5333 4948 5337  62.54 5401 6118 6275 6112  73.06  62.64
d 1.71 1.84 171 1.48 1.69 1.51 1.47 1.51 1.29 1.48
12 20 5431 5582 5417 5428 6258  73.05  62.64
d 1.68 1.64 1.69 1.68 1.48 1.29 1.48
13 20 5699  57.05  55.65 56.86
d 1.61 1.61 1.65 1.61
14 20 5937 6107 5697 60.96
d 1.56 1.51 1.61 1.51
15 20 62.63 6259 6045 62.52
d 1.48 1.48 153 1.48
16 20 6693 6345  60.99 65.52
d 139 1.46 151 1.42
17 20 6937 7083  62.57 73.00
d 135 1.32 1.48 1.29
18 20 73.13 76.78
d 1.29 1.24
19 20 82.68
d 1.16

#*4  $RJB XRD-Fourier 55 Bl F I BHFEIER) 20, dES 1],
Table 4 26, d and I/], in powder XRD-Fourier fingerprints of Farina Ferrum

)%
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11
30.14 0.296  25.71 19.05 28.72 3342 2289 2738 41.06 33.00 37.64 20.82 32.12

FEHWE 20/  dmhm

—_

2 3325 0.269 21.62 1931 24.68 33.68 2323 39.19 38.00 27.62 3724 2513 27.75
3 35.61 0.252 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
4 3621 0.248 16.15 30.00 3343 4841 1926  35.00 30.00 51.12 46.81 3551 60.14
5 4176 0.216  24.00 114.66 46.07 57.62 112.62 72.63 26.74 6023  39.51 100.62 45.06
6 42.12 0214 1227 235.69  27.67 15590 25739 14628 83.15 221.00 122.52 43332 267.93
7 43.13 0205 2987 6259 31.04 42,69 7200 5850 3038 60.62 27.64 80.23 43.00
8 56.99 0.161 10.74 4543 3441 4533 5634 4400 3132 5134 3927 5034  52.00
9 61.00 0.152 1033 2431 19.52 48.54 2421 46.84 2482 4414 4776 44.00 65.21
10 62.61 0.148 24.67 2371 37.85 48.89 2390 36.74 37.63 2871 46.78 28.00 26.00

BESNERER, JIEEFRRE 1R, Fn —3, S1. S7THA—F; UFEEARRAE 8 1), S2.
S4. S6. S9 A—3, FEAh S8, STV A—2%; 24 S5, S10 WA —3%, MEEEFRNAE 19 B 11 ke
FEBIPRNAE 3 I, FESh S4. S6. SO HFESL S8 S11 fATBAAr N 2 35, S2. S4~S6. S8~S11 1 H—,
FAR—2K; HPEEARNAE 6 B, FESh S2. S5 VA8 S1. S3. ST RN—2K, MPEEARNAE 25 B, FrakE
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Fig.3 Cluster analysis of XRD Fourier fingerprint of eleven

batches of Farina Ferrum
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Table S Results of similarity evaluation on XRD
fingerprints of eleven batches of Farina Ferrum
HAAEE
B it i AN SRDA ¢ Rk SRR
PR ixmm seman smaw

S1 0.876 5 0.889 8 0.999 1 0.999 6
S2 0.9439 0.878 8 0.999 0 0.998 3
S3 0.8614 0.938 8 0.999 3 0.999 6
S4 0.962 3 0.993 2 0.999 1 0.998 5
S5 0.982 8 09714 0.999 6 0.999 4
S6 09717 0.952 6 0.9992 0.998 8
S7 0.906 9 0.984 7 0.999 6 0.999 4
S8 0.963 2 0.9523 0.999 5 0.998 8
S9 0.964 9 0.9539 0.999 6 0.999 4
S10 0.982 8 0.9874 0.998 4 0.997 1
S11 0.9852 0.998 3 0.999 1 0.998 5
% 1.0000 1.000 0 1.000 0 1.000 0
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RN, BBMEHIETER XRD EEAW R, L
HJ il P1. P2, P3 XRD Fourier 1 %f Lt S10 £
fn XRD Fourier El1E%ALHK, Mifkl5h P4, P5. P6
XRD Fourier B 1% bt S10 £ i XRD Fourier 1548
I, BR8N 0 R AR % S
b B R AN, AN R 1) 75 1 B A e ) o o A
B2,

2,52 K fHZEX 6 Pt s Fe;O, )it & 53 20l
B “2.37 TURNEERAT A, 3 5040 g R R B
Fe;04. UL NaCl NS, i8] K EEP 2
S10 &t A 6 FRIH 5 Fe;O4 i &5, MAF S10
FE i FesOy Jli 430N 5.70% . 6 i il i A ] i
Ja R ES B 6 [H T4 P4, P5. P6
Bl S10 SAEMEIE, [ HMHIRT FesO4 &7

oo d W, (TP '~'”‘*"\'£ g
MJ/L -
i\ an,
‘,L )‘Ln POV W S e -
My ,U\WJ\:\“,H:".;,.H - 2
MWW
B S ﬂ,,."l,‘.ﬂ»__ﬁ Pl
6
5)7
1 24 }L f.20 —
T T T T T ! ! ; ' ;
30 40 30 o0 " N

t/min

4 JHIFTEH S XRD Fourier &l
Fig. 4 XRD Fourier fingerprint of samples before and after

being processed

F*6 6 fEHEImT Fe;0, RETH
Table 6 Determination results of Fe;O, content in six

processed products

Fe3O4/% Fe304/%
Ha ] it — il i —
<ot ekl Juthlar e
P1 1.73 2.35 P4 5.70 6.15
P2 1.73 2.38 PS5 5.70 4.43
P3 1.73 2.59 P6 5.70 2.73
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Fig. 5 Cluster analysis of XRD Fourier fingerprint of six

kinds of Processed products
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