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Table 1 Some profile shape functions.

Functions Name Symbol
Aexp(-cx3/W2) Gaussian G
A(l+cx2/W2)-n

n=l Lorentzian L

n=l.5 Intermediate Lorentzian 1L

n=2 Modified Lorentzian ML
Af*2L(x")G(x=x")dx' Voigt v
A[YG+(1-y)L] Pseudo-Voigt p-v
A[l+x%/(ma?)]-" Pearson VI " PVI

* PVI goes from pure L with m=1 to pure G with m=w and
includes L, IL and ML as special cases.

[ { | [
315 320 325 g29() 330

Fig. 1 Least-squares fits for overlapped reflec-
tions. A: shape parameters of each reflec-
tion are determined as independent, B, C:
shape parameters of 261 and 061 reflections
and of all reflections, respectively, are deter-
mined as the same. Dots are the experi-
mental data, and solid lines are the profile
calculated and its Ka; and Ka; components,
Differences between observed and calculated
intensities are also shown together with
them. .
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Table 2 Profile parameters of overlapped re-
flections for each least-squares fit.

hkl 28 (Y 12 FWHM?®  pA? RGS

530 31.938%(7)

144(6) 0159(1) 126()  0.87(1)

A Z61 32607(2) 42)  0.124(5) 148(6) 1.0(2)
061 32708(2) 22(2) 02494 214(5) 0.72(2)
530 31.9382(3) 144(3) 0.1564(7) 1.269(6) 0.838(6)

B 261 326040(4) 123(3)

} 0.1593(9) 1.327(9) 0.90(5)

061  327300(5) 9.2

530 31.9394(3) 14.5(2)
C 761 3260373) 126Q2) } 0.1575(5)
061 327290(4)  9.X1)

1.309(5) 0.848(3)

1: peak position for CuKg; radiation in degree, 2: area
of reflection in cps-degree, 3: full width at half maxi-
mum of the reflection in degree, 4: peak asymmetry
defined as FWHMuigh/FWHMpow, 5: ratio of the
Gauss component in a pseudo-Voigt function.
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Fig. 2 X-ray powder diffraction pattern of heulandite type 1 and
least-squares fit of a part of it. Bragg’s index is shown at the

upper part of each peak.
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Table 3 X-ray data for heulandite group zeolites.

1 2 3
h koI Qe gy I G g ! Qe Coos I
020 894 891 1000 900 898 1000 903 901 1000
200 7931 7925 62 7910 7899 34 7905 7903 28
30 1 6805 6794 28 6789 6779 16 6779 6773 07
00 1 6648 6642 16 6634 6630 13 6634 6632 06
220 5934 5923 17 58942 5936 13 5947 5946 1.0
130 5581 5570 10 5611 5608 1.1 5624 5622 08
221 5415 5417 02
021 5336 5329 20 5341 5338 1.3 5346 5345 04
311 5261 5255 50 5252 5246 36 52456 5244 15
111 5117 5118 63 5110 5106 43 5112 5107 23
310 5071 5068 48 5061 5058 22 5059 5058 1.
131 4649 4843 153 4664 4663 1.1 4670 4867 72
040 4472 4466 2.0 4501 4499 29 4513 4506 55
io1 4370 4367 27 4359 4357 13 4352 4349 08
131 3978 3977 259 3985 3988 152 3990 3990 9.0
330 3956 3953 112 3962 3961 135 3965 3964 73
321 3926 3922 7.1
240 3895 3893 156 3912 3915 187 3919 3919 135
221 3836 3841 32 3834 3837 14 3836 3836 07
241 3737 3740 18 3752 3753 24 3757 3758 19
041 3725 3727 24 3732 3732 07
302 3713 3717 38 3705 3707 12 3702 3701 06
420 3625 3630 05
312 3567 3568 30 3560 3561 25 3556 3557 1.1
112 3521 3522 068 3515, 55y, qg
150 3490 3490 15 3511} > : 3520 3520 16
511 3475 3474 21 3.467 3466 1.1 3463 3463 03
322 3429 3430 7.4 3426 3427 49 3425 3425 27
o2 3402 3403 46 3394 3396 15 3389 3390 04
002 3324 3324 17 3317 3318 1.1 3317 3316 07
322 3180 3179 103 3476 3476 62 3173 3173 3.3
341 3125 3126 6.1 3131 3131 83 3183 3133 4.1
132 3076 3076 42 3077 3077 25 3078 3077 16
512 3038 3037 17
351 3000 3000 67  3.011
060 2981 2981 145 3001 } 3005 185 3008 3009 160
15 1 2972 2973 203 2984 2985 185 2989 2990 9.6
350 2063 2963 234 2974 2974 170 2979 2978 114
112 2955 2955 131 2943 2948 30 2950 2948 10
401 2886 2887 08 2879 2878 07
530 2801 2801 123 2799 2798 7.8 2799 2799 4.1
261 2731 2729 67 2745 2744 96 2750 2750 69
061 2720 2721 47 2734 2734 44 2740 2739 40
a2 2708 2710 21
132 2676 2674 14 2678 2678 04
042 2668 2670 16 2670 2673 1.1 2673 2674 07
222 2559 2557 10 2555 2555 13 2556 2556 0.8
is2 2534 2533 27 2540 2539 53 2543 2545 3.4
551 2517 2518 39 2522 2523 14 2524 2524 09
351 2485 2486 27 2490 2488 12 2493 2492 0.4
761 2472 2472 12 2475 2475 08
26 1 2440 2440 29 2449 2448 22 2453 2453 07
441 2425 2425 37 2425 2426 2.8 2427 2427 15
460 2391 2392 2.8 2394 2395 08
1: heulandite type 1, 2: heulandite type 2, 3: clinoptilolite.
Table 4 Lattice parameters of heulandite
group zeolites.
a(A) <(A) B() V(A%
1 17.713(5) 17.884(3) 7.431(2) 116.49(1) 2107(1)
2 17.678(4) 18.005(2) 7.413(2) 116.50(1) 2112(1)
3 17.653(4) 18.053(2) 7.407(1) 116.41(1) 2114(1)
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Fig. 3 Plot of area of a—c plane, b cell edge
and volume of unit cell vs. Al jons/unit cell.
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Fig. 4 X-ray powder diffraction patterns of
pottery. Q: reflections from quartz, M: re-
flections from mullite.
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Fig. 5 Least-squres fits of diffraction patterns
of pottery.

Table 5 Profile parameters and contents of
glass phase in pottery.

20(°) d(A) I P.H  FWHM  P.A. wt(%)

A 222 400 628 55  10.5 1.4 54
B 21.9 4.06 762 65 10.5 1.45 66
C 247 3.60 930 68 129 1.07 80
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Fig. 6 X-ray powder diffraction pattern of
quartz obtained by using a Gandolfi camera.
Si: reflections from silicon added as the

internal standard.
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Table 6 X-ray data of quartz obtained by using
a very small crystal.

h k_1 28 dobs deaic !

100 20.888  4.249 4.255 138.2
011 26.634 3.344 3.343 387. 4
110 36.550 2. 4564 2. 4566 66.5
102 39.468  2.2812 2.2813 62.4
111 40.284  2.2368 2.2364 30.8
200 42.450  2.1276 2.1274 46.9
201 45.799  1.9795 1. 9796 32.7
112 50.142 1.8177 1.8178 112.8
022 54.916  1.6705 1.6716 39.3
013 55.539  1.6532 1. 6591 1.7
121 §9.966  1.5413 1.5414 86.7
113 64.057  1.4524 1.4528 16.8
300 65. 747  1.4191 1.4183 6.5
122 67.628  1.3841 1.3820 26.5
203 67.922  1.37188 1.3749 56. 6
0 31 68.240  1.3732 1.3718 78.9
104 73.462  1.2879 1.2879 2.7
302 5. 661 1. 2559 1. 2559 29.6
220 17.672  1.2283 1.2283 15. 4
213 79.915  1.1994 1.1998 355
221 79.907  1.1995 1.1977 3.4
114 81.147  1.1842 1. 1840 23.9
310 81.470  1.1804 1. 1801 28.2
131 83.822  1.1531 1.1529 18.8
20 4 85. 001 1. 1401 1. 1406 3.6
132 90.813  1.08166 1. 08148 28.7
400 92.814  1.0635t 1.06372 5.9
015 94.618  1.04793 1. 04773 17.6
4 01 94.702  1.04723 1. 04370 31.3
21 4 96.223  1.03467 1. 03455 1.7
223 98. 781 1. 01461 1.01488 13.6
042 102.194  0.98978 0. 98981 12.3
115 102. 131 0. 99022 0. 98945 9.7
133 102.374  0.98853 0.98719 15.2
03 4 104.088  0.97688 0.97833 10.1
231 106. 661 0. 96030 0. 96060 77.0
403 114.600  0.91533 0. 91599 24.4
411 114.600  0.91533 0. 91509 24.4
224 115.874  0.90890 0. 90830 5.3
006 117.523  0.90087 0. 90085 3.3
125 118.308  0.89716 0. 89717 14.9
31 4 120.136  0.88880 0. 88885 1.9
142 122.575  0.87824 0.87812 10.2
026 136.399  0.82958 0. 82954 19.9
1 43 137.893  0.82535 0. 82534 25.5
330 140.293  0.81891 0. 81886 9.6
502 143.262  0.81161 0.81169 36.5
225 143.262  0.81161 0.81149 38.5
240 146. 647 0. 80407 0. 80410 20.0
135 150.204  0.79705 0.79712 15.2
2 34 153.535  0.79126 0.79127 44.2
1.2 6 157.079 0. 78592 0. 78594 15.0
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Table 7 Lattice parameters of quartz.

a(A) (&) V(A3)
Gandolfi 4.9131(2) 5.4051(3) 112.99(2)
Diffractometer ~ 4.91302(2)  5.40474(4)  112.980(2)
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Fig. 7 Differences between observed and
calculated peak positions of quartz.
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Precise Analyses of X-ray Powder Data by Using a Profile Fitting Technique

Yoshihiro NakamuTa
Department of Earth and Planetary Sciences,
Faculty of Science, Kyushu University

X-ray powder diffraction methods are the simplest ones by which we can obtain a useful
piece of information on the structure of a crystal, and are used in many laboratories. Dif-
fractions which arise from reciprocal lattice points distributed in a three-dimensional space
are recorded linearly in an X-ray powder diffraction diagram. Then, it is usually very difficult
to-obtain some information on the structure from powder data, because of the overlaps of
reflections.

A profile fitting technique is applied to resolve the overlapped reflections in a powder
diagram, and the position, the intensity, and the shape of each reflection are precisely deter-
mined. Lattice constants of heulandite-clinoptilolite group zeolites and the amounts of the
amorphous phase in pottery can be determined precisely by using the positions and the inten-
sities resolved in this way. Precise lattice parameters of a very small quartz crystal, 50 xm in
diameter, can be also determined by applying a profile fitting technique to a powder diagram
obtained by using a Gandolfi camera.

Key words: X-ray powder diffraction, Profile fitting, Lattice parameters, Amorphous, Small
crystal.



