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- Abstract
A simple reproducible, rapid, and high precise probability density method of difference
spectrum for quantative analysis testing of mineral mixtures is discussed.It is particularly simple to
use in that requires no selection of peaks and more complicated calculation like least—squares
curve—fitting'™, and requires only to solve mean values known and unknown spectra ratio in full
frequancies range. In all samples tested, this method produces results as good as.

Theory

The difference spectrum of the monomineral is given by
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B ) -x,B° (3)) =0

or BU (17') /Bs (l_‘i) =X (])

i

where

Vs ¥V, t% Y, ootV = frequencies

B® (v.) =intensityofanyfrequencyv forstandardspectrum
H

B ) = intensityofany frequencyvformeasuredspectrum

Ratio values X;must be a constant, but measuring instruments are never perfect, X;will al-
ways differ from the true value uyof these variables by the errors g

¢ =X, —ug
(=X, —Hk
Cv =Xy —ux (2)

if §i<l<{ivge

then probability of error P ({) is given by
P ({) =F ({) d¢ (3)

The all errors will conform to Gauss’s (normal) error distribution equation

P () =1/ (N2ro) exp (¢ /267D (@)
F(x) =1/ (N2na) exp [ —(x-u,) 2/202; (5)
when 0. Xew
fhen F (x) =F (u) =1/ (N2rn¢) =max (6)
or P () =1/ (N2rna) =max 7
therefore ]
Q=Y =min (3)

If the residuals R defined by
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R, =X,-u
R,=X;-u
Ry=Xy -4

where

u=optimun value
Because equation (8) is minimun,
then

o’ =2Rf=i (X, -u) = min

The differential in Eq.10
dQ’

—ﬁ= 2:-21 (X‘,~u) =0

when
X~N (4 o)
the distribution of X is given by
X~M (u, o’/ m)
f~M'w,09
where
67 =06/ Vm
ffé;; have two factors:
(i) The increase of data points m
(ii) The decrease of deviation o
How is ¢ for Fourier transform infrared (FT -IR) spectrometer?
We can see signal and noise ratio (SNR) of FT-1R.
The rms SNR in the interferogram thus becomes

2
SNR, =N3C'/2" "

where

C = the number of coaded scans

b =the dynamic range in bits of the A / D converter
f=the safety margin

The rms SNR in the spectrum thus becomes

SNR, =N372 (CAT/ G —7_) ) 22y

min

(%)

(10)

an

(12)

(13)
(14)

(15)

(16)



32 noOoR  F # 1%

where
AV = the resolution
M = the ratio of the spectral power
We measured rms SNR corresponding
AT =0.00654%

to be
SNRy=15, 000
It indicates ¢ of FT__IR is minimun
therefore
Xe [Z=J7]

Consequently, the difference spectra of the mixture mi’nerals B™ (v;) is given by
N

Y B, G)-x,B, G) =X B, ()

YB, (+)- X,B, (¥) =Y B, (V)

Y BT (5,) —X,B, () =0 (17)
K=
therefore
ia: &) —,i.X*B‘S‘ (F) =0 (18)
because .
u=ﬁ§X‘ t)
therefore B
", Z%EX* ) (19)
where

k=1, 2, =, K, -, N (component number in mixtures)

According to Beer’s Law, component concentration in mixtures C is given by
Cl}i: uKCi (20)

where C§. = concentration of standard mineral

Practical application
Table 1 list analytical rasults for five mineral mixtures subjected to this calculating methed
and to edit program.
In indicate these relative deviation << 0.5% and these absolute errors between 0.01 and
0.05%



Ak ERMEBSK LT DMFTE—ZTO0E-ERIME

Table 1.the results of quantitatibe analysis for the mineral mixtures

absolute relative
i measure known ..
mineral erro deviation
% %
r {% o %
musovite 12.02 12.00 0.02 0.16
quartz 19.05 19.00 J 0.05 0.26
N
orthoclase 12.98 13.00 | —0.02 0.15
chromspinet| 2.01 ‘ 2.00 0.01 ; 0.50
| =4
1 ‘ — -
magnetite r 5.97 6.00 —0.03 J 0.50

It indicte these relative deviation 0<<0.5%and these absolute errors between 0.01 and 0.05%

Conclusions

In this paper, we clearly proved are as follows:

(1) Measured deviation ¢ of FT__IR can satisfied the final equations, in particular Xeu

(2) We can calculate component concentrations in mixtures which used only the arithmetic
mean of ratio value of intensity of every fraquencies for stanard and measured minerals. Don’t
needs any complicated calculation.

(3) The probability density method of difference spectrum is feasible for the quautitative

analysis of mixture minerals.
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