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Rietveld Structure Refinement of Biotite Using Neutron Powder Diffraction
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The crystal structure of biotite-1M from Bancroft, Ontario, was determined by Rietveld refinement method using
high-resolution neutron powder diffraction data at -263°C, 20°C, 300°C, 600°C, 900°C. The crystal structure has
been refined to a Ry of 5.06%-11.9% and S {Goodness of fitness) of 2.97~3.94. The expansion rate of a, b, ¢ unit
cell dimensions with elevated temperature linearly increase to 600°C. The expansivity of the ¢ dimension is
161X107C, while 2.73%107%°C™! and 5.71X107°°C™! for the a and b dimensions, respectively. Thus, the volume
increase of the unit cell is dominated by expansion of the ¢ axis as increasing temperature, In contrast to the trend,
the expansivity of the dimensions is decreased at 900°C. It may be attributed to a change in cation size caused by
dehydroxylation-oxidation of Fe?* to Fe™* in vacuum condition at such high temperature. The position of H-proton was
determined by the refinement of diffraction pattern at low temperature (-263°C). The position is 0.9103A from the O,
location and located at atomic coordinates (x/a=0.138, y/b=0.5, z/c=0.305) with the OH vector almost normal to plane
{001). According to the increase of the temperature, o (fetrahedral rotation angle), Ly (octahedral sheet thickness),
mean <M-O> distance increase except 900°C data. But the trend is less clearly relative to unit cell dimension expan-
sion because the expansion is dominant te the interlayer. Also, ¥ (octahedral flattening angle) shows no trends as
increasing temperature and it may be because the octahedron (M1, M2) is substituted by Mg and Fe.
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Table 1. Experimental details and final parameters of structure refinements.

Temperature -263°C 20°C 300°C 600°C 900°C

Neutron data collection and Least-square parameters

20 scan range 20°-155°

Step size Q.00

No. of steps 2700

Max. intensity 24572 34046 21981 17887 15489

No. of fitted parameters 39 39 38 38 33

No. of unique refl. 341 344 345 345 345

N-P+C 2660 2660 2661 2661 2661
Refinement index (R-index)

R, (%) 125 11.8 16 16.5 21.2

Rup (%) 126 11.9 16.2 16.6 21.4

Reyp (%) 424 3.64 454 493 5.43

S (G. of E) 2.97 3.27 3.57 3.37 3.94

Rp (%) 6.87 5.06 8.83 9.14 119

R (%) 4,91 3.40 5.50 5.95 7.67

DW-Statistics 0.2972 0.2824 0.2283 0.2503 0.1929
FWHM (full width at half maximun)

U 0.56573 (.60897 0.73431 0.92980 1.24583

A -0.58890 -0.79039 -0.80996 -1.00516 -1.46170

w 0.33068 0.40145 0.37856 0.43802 0.58150

Note : N-P+C = no. of observation (steps)-no. of least-squares parameters+no. of phase

R, = Il00XEY, Yi)lEY,

Ry, =I100%IL; (Yig— YT, Y, 717
Rep  =[ (N-PYZY, "

Ry = 100X I I Il VEL

Rr = 100X Il ]? VEIKoH?
H, = Utan26+Vtan6+W

(according to Young, 1993)

{R-pattern)
(R-weighted pattern)
{R-expected pattern)
{R-Bragg factor)
(R-structure factor}
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Table 2. Chemical composition and structural formula of biotite samples,

wt.% Bl B! (rel) B2 B2 (rel) Atomic wt Struetural formula
Bl B2

Si0, 38.56 38.55 38.79 38.68 60.0848 Si 5.973 6.027
AlOy 10.55 10.55 10.67 10.64 101.9612 Al[4] 1.926 1.954
Fe0 20.00 20.00 20.18 20.13 71.8464 Ti[4] 0.100 0.020
Fe 04 0.00 0.00 6.00 0.00 159.6922 Ztet 8.000 8.000
MnO 0.71 0.71 0.89 0.89 70.9374

Ca0 0.06 0.06 0.01 0.01 56.0794 All6] 0.060 0.000
MgO 13.63 13.63 13.69 13.65 40.3114 Ti[6] 0.171 0.255
K0 9.96 9.56 9.86 9.83 94.2034 Fe?* 2.591 2622
Na,O 0.46 0.46 0.51 0.51 61.979 Mn 0.093 (.117
P,05 0.00 0.00 0.00 0.00 141.965 Mg 3.147 3.170
TiO, 2.33 2.33 2.35 2.34 79.8988 Zoct 6.003 6.165

96.26 96.95

LOIL 2.68 1.63 18.01534 Ca 0.010 0.002
TOTAL 100.03 100.00 100.28 100.00 F 1.979 2.019

3.452 3.004
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Table 3. Unit cell dimensions of biotite after final refinement.

T (°C) -263°C 20°C 300°C 600°C 900°C

a (&) 5.3300(4) 5.3414(4) 5.3487(6) 5.3546(6) 5.3522(9)
b (A 9.2301(6) 9.2497(6) 9.2684(9) 9.279(1) 9.266(1)
c (&) 10.1585(5) 10.1990(6) 10.2484(7) 10.2964(9) 10.314(1)
B (A) 100.309(5) 100.336(4) 100.228(7) 100.173(8) 100.208(8)
V (A) 491,78(5) 495.72(5) 499.98(8) 503.52(9) 503.4(1)

Table 4. Positional coordinates and isotropic atomic displacement parameters for biotite after Rietveld refinement.

Temperature -263°C 20°C 300°C 600°C 900°C

T X 0.067(1) 0.070(1) 0.070(2) 0.071(2) 0.081(3)
¥ 0.1665(7) 0.1667(8) (0.166(1) 0.167(1) 0.168(1)
z 0.2249(4) 0.2242(4) 0.2227(4) 0.2230(4) 0.2278(6)
B, 1.603 1.603 1.603 1.603 1.603

M1 X 0.00000 0.00000 0.00000 0.00000 0.00000
v 0.00000 0.00000 0.00000 0.00000 0.00000
z 0.50000 0.50000 0.50000 0.50000 (.50000
B, 1619 1619 1619 1619 1619

M2 X 0.00000 0.00000 0.00000 0.00000 (.00000
v 0.3330(5) 0.33134) 0.3315(7) 0.3333(7 0.3391(9)
z 0.50000 0.50000 0.50000 0.50000 0.50000
B, 1.800 1.800 1.800 1.800 1.800

K X 0.00000 0.00000 0.00000 0.00000 0.00000
¥ 0.50000 0.50000 (.50000 0.50000 0.50000
z 0.00000 0.00000 (.00000 0.00000 0.00000
B 3.806 3.806 3.806 3.806 3.806

(0] X 0.018(1) 0.037{1} 0.038(2) 0.039(2) 0.026(2}
y 0.00000 0.00000 0.00000 0.00000 0.00000
z 0.1667(8) 0.1713(8) 0.1681(9) 0.1698(9) 0.166(1)
B, 2.290 2.290 2.290 2.290 2.290

02 X 0.3187(9) 0.3158(8) 0.306(1} 0.305(1) (.308(2)
y (0.2342(4) 0.2407(4) 0.2426(6) 0.2451(6) (.2476(8)
Z 0.1664(5) 0.1630(5) 0.1693(6) 0.1710(6) 0.1740(7)
Biss 2432 2432 2.432 2432 2.432

03 X 0.1278(9) 0.1277(9) 0.130(2) 0.129(2) 0.128(2)
y 0.1679(5) 0.1669(5) 0.1671(7} 0.1680(8) 0.1720(9)
z 0.3906(3) (.3901(3) 0.3891(3) 0.3890(3) (1.3899(5)
By 1.753 1.753 1.753 1.753 1.753

04 X 0.136(1) 0.132(1) 0.119(2) 0.113¢3) 0.119(3)
y 0.50000 0.50000 0.50000 0.50000 0.50000
z 0.3943(6) 0.3933(6) 0.3910(8) 0.3943(9) (1.3974(9)
Bis 2.132 2.132 2132 2.132 2.132

H X 0.138(4) 0.131(4) 0.060(5) 0.042(7) -0.023(7)
v 0.50000 0.50000 0.50000 0.50000 0.50000
z 0.305(2} 0.314(2) 0.347(3) 0.363(9) (0.354(9)
By 2132 2.132 2.132 2.132 2132
B, -1.1742 -0.7155 -0.3359 (.0128 0.3896

Notes : Bjyoi 1sotropic thermal parameter, B,,; overall thermal parameter, Esd's on the last significant digit are in parentheses.
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Table 5. Sclected data from interatomic distances {in A) for biotite as determined from Rietveld refinement of neutron

powder diffraction data.
Temperature -263°C 20°C e 600°C 900°C
T-01 1.651(7} 1.633(7) 1.63(1) 1.64(1) 1.72(1)
T-02 1.681(8) 1.696(8) 1.62(1) 1.62(1) 1.59(2)
T-02' 1.633(8) 1.632(8) 1.66(1) 1.64(1) 1.64(2)
T-O3 1.657(5) 1.665(5) 1.68(5) 1.683(5) 1.667(8)
<T-O> 1.655 1.656 1.65 1.647 1.656
o* 1.0470 1.0471 1.0474 1.0474 1.0470
M1-03[x4] 2.091(4) 2.092(4) 2.110(6) 2.119(7) 2.134(9)
M1-04[x2] 2.043(7) 2.069(7) 2.14(1) 2.16(1) 207(2)
<ML-O> 2075 2.085 2121 2.133 2112
M2-03[x2] 2.072(5) 2.076(5) 2.095(8) 2.100(8) 2.09(1)
M2-03'[x2] 2.093(5) 2.100(5) 2.100(7) 2.111(8) 2.08(1)
M2-04[x2) 2.081(6) 2.096(5) 2.083(8) 2.044(9) 2.05(1)
<M2-0> 2082 2.091 2.093 2.085 207
toet” 2.1616 2.1838 2.2242 22135 2.1843
Yot 58.607 58.413 58.371 58.749 58.859
v 58.729 58.512 57.895 57.938 58.214
K-01[x2] 2.970(7) 3.079¢6) 30799 3.100(9) 2.96(1}
K-02[x4] 3.008(4) 3.045(4) 3.129(6) 3.163(6) 3.212(9)
KO er 2.996 3.057 3.112 3142 3.127
K-01[x2] 1.321(7) 3.274(6) 3.255(9) 3.266(9) 3.31(1)
K-02[x4] 3.276(4) 3.218(4) 3.220(6) 3.217(6) 3.232(9)
<K-O%gueer 3291 3.237 3232 3233 3.256
A(K-O) 0.296 0.180 0.120 0.091 0.130
H-04 0.91(3) 0.81(2) 0.50(3) 0.46(4) 1.49(4)
. 20(0.25—r)
Notes : g* = tetrahedral rotation angle; tm tanale, = ————

0.5a

2 +Z,
toq' =octahedral sheet thickness; toct = 2[0.5?%}@11[5

£
W = octahedral flattening angle: cosd = — , dy=mean cation to anion octahedral bond distance (according to

Hazen and burnham, 1973)

Esd's on the last significant digit are in parentheses.

Bond multiplicities are given in brackets.
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Flg. 1. Observed and calculated neutron powder diffraction
patterns and residuals for biotite sample at -263°C as
determined from Rietveld refinement.
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Fig. 2. Observed and calculated neutron powder diffraction
patterns and residuals for biotite sample at room tem-
perature as determined from Rietveld refinement.
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Flg. 3. Observed and calculated neutron powder diffraction
patterns and residuals for biotite sample at 300°C as
determined from Rietveld refinement.
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patterns and residuals for biotite sample at 600°C as
determined from Rietveld refinement.
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Flg. 5. Observed and calculated neutron powder diffraction
patterns and residuals for biotite sample at 900°C as
determined from Rietveld refinement.
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