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SPElcIRAL K-RATIO SPM;'IROPHOTOMFIRY 

Key Words: Spectral K-ratio; interference; two comnents; 

spectrophotomeetrr . 

Liu Guomin*, Song Gemin and Zhou Xiaodong 

Department of Applied Chemistry 
Fushun Petroleum Institute 

Fushun, Liaoning Province, 113001, China 

A method called "Spectral K-ratio spectrophotometru" was p r o d .  

"be method takes the K-cwff icient dual-wavelength spectrophotometric 

method as the mathematical model in order to resolve the different nth- 

derivative spectral data at one wavelength to determine certain two c o r  

wnents systems that their zeroth- (absorption) and nthderivative 

spectra were all interfered seriously. Examples of the application of 

the p r o d  method were given. 

"Author to whom correspondence should be addressed. 
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566 - LIU, SONG, AND ZHOU 

'he requiremer-i of a satisfactory analytical method are usually 

mifold, but certainly selectivity must be counted among the lsost im- 

portant. Hence there has always been interest in procedures that can im- 

prove the selectivity of the measurement methods themselves. Among the 

most conceptually simple of these methods is derivative spectroscopy. 

It is becoming increasingly porpular as a resolution enhancement tech- 

nique, allowing the detection and location of the wavelengths of poorly 

resolved components of complex spectra and reducing the effect of spec- 

tral background but the advantage of derivative mea- 

surements depents strongly on the relative widths of the interferent and 

analyte bands. Derivative spectroscopy has been profitably applied to 

quantitative analytical applications in which the presence of a broad, 

unstructured background spectrum overlaps the bands of the analfie.' F.A. 

El-Yazbi et al. had used derivative spectrophotometric method to deter- 

mine three tranquilizer-antidepressant mixtures4 H e s h  Salem et al. 

also used U.V.and U.V.first and second derivative spectrophotometric me- 

thods with applying "Zero-Crossing" technique of measurement to deter- 

mine two-component mixt~ires.~ Basilio Morelli also recommended the "zero 

-crossing" derivative spectrophotometrr for two-component mixturese* 

But when the absorption spectra and the derivative spectra are all inter- 

fered seriously, the determination of the analyte will be very difficult. 
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SPECTRAL K-RATIO SPECTROPHOTOMETRY 56 7 

Yahya et al. adopted multiwavelength first- and second-derivative spec- 

tra with matrix leastsquares data processing to resolve mixtures of com- 

ponents with overlapping absorption spectra.' This illustrated that the 

appropriate mthematical resolving of derivative spectra is one of the 

effective methods. Solving two or three simultaneous equations had been 

used to determine two or three component mixtures.s"o Li et al. 

also proposed a method called "combined derivative spectrophotometry" 

for the simultaneous determination of mlticomponent." 

"his paper p r o d  a conceptually simple method named "Spectral K-- 

ratio spectrophotometry". It takes the K-coefficient dual wavelengths 

spectrophotometric method as the mathematical mcdle in order to resolve 

the different nth-derivative spectral dab at one wavelength to deter- 

mine some two-component systems that their zeroth-derivative (absorption) 

and nth-derivative spectra were all interfered seriously. Ihe method was 

proved by using two sets laboratory prepared mixtures. 

l,lmJmw 
Let us consider a complex systea containing two components M and N. 

"heir zero-th derivative and n-th derivative spectra overlap seriously, 

as Fig. 1 shown. 

If at 1. I, the derivative values ( zero-th and n-th ) of M and N comply 

with Beer's law and possess additive property,the following will be true: 

Do = DOH + DON (1 1 

D" = F M  F N  (2) 
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568 LIU, SONG, AND ZHOU 

A A 

Fig.1. ’Ihe zeroth- (absorption) and nth-derivative spectra of M and N. 

Here, Do and D” are the derivative values of the system at A 1; DOH and 

PW are the zero-th and n-th derivative value of M at 1 respectively; 

DON and PN are those of N at d 1 respectively. 

P N  

DON 

LetKN=- , and equation (1) mutiplied by KN, 

equation (3) uas obtained: 

KN * Do = L * Do, + KN * DON (3) 

subtract equation (3) from equation (21, we obtained equation (4): 

A D  = D”’ - KN * DO = D”H - KN * DOM (4) 

Ue all know that KN is a constant, =,the value of AD is only related to 

the derivative values of M. Hence we could determine M by using AD eli- 
minating the interference of N. By selecting a such wavelength that PM 

POSS~SS~S the sign digit opmsit to that KN wssesses,the absolute value 
of AD would be larger. Hence, not only the two-comnent mixture can be 
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SPECTRAL K -RATIO SPECTROPHOTONETRY 569 

determined,but also the sensitivity of the determination can be enhanced. 

Similarly, the equation to determine N can be deduced: 

(5) A D  = D” - L * Do = D’” - K! * DON 

’Ihe determination of KN or KH is imrtant. In specific determina- 

tion, we adopt the method pro& by Ni et al.’* It is a method 

to determine simutanwusly the coefficient K and the slope of the calib- 

ration curve by linear plot means for dual-wavelength absorption determi- 

nation. n e  deviation of absorption resulting from molecular interaction 

can be calibrated by this method and the accuracy is increased. We di- 

fied this method to suit with our purpose. l’he following is the theore- 

tical. According to equation (41, we have (6): 

D “ - K N * D D =  ( & - K N * k M ) C b I l  (6) 

here, according to Beer’s law, & and b are constant, CM is the concen- 

tration of H, 1 is the light path of the sample. 

Equation (6) divided by Do, we have: 

IP csc * 1 
DO DO 

- K N =  ( C b l - K N * k M O *  (7) __. 

Let Y=D”/Do, k = & - K N * h ,  x = ( 1 * & ) / D o ,  

we obtained: 

Y = k x + L  (8) 

here, KN is the ratio D”N/DON, k is the slope of the calibration curve 

to determine M. It is obvious that by regression of D“/Do to CM * l/Do, 
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5 70 LIU,  SONG, AND ZHOU 

we can obtaine the two critical parameters for determination of M. Simi- 

larly, we have: 

Y = k X + K H  (9) 

here, KM is the ratio P&%, k is the slope of the calibration curve 

to determine N. 

MpERIMENTAt 

In this section, we demonstrate the application of thz proposed me- 

thod on two sets of data. 

APDaratus 
?he Perkin-Elmer t#el Laibda 9 WNIS/NIR Spectrophotometer was 

used. 'he spectra were recorded in 1 cm quartz cuvettes. 'he instrument 

settings are: scan speed 960nm/min: spectral slit width 2nm; chart speed 

60 mdmin; A 1. 3nm. 

l-kawih 

All the chemicals used were of analytically pure grade and water 

was distilled water. 

The spectra of t h l ,  salicylic acid and Gnitrobenzoic acid were 

shown in Fig.2. 

Solutions 

Aqueous solutions (containing 2!% methyl alcohol in volume percent) 

of t h l ,  salicylic acid and 4aitrobenzoic acid were prepared by weig- 

him correspondent reagent as stock solutions. 
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SPECTRAL I<-RATIO SPECTROPHOTOMETRY 571 

Fig. 2. 'he absorption and first-derivative spectra of thymol (A ) ,  
salicylic acid U3) and 4-nitrobenzoic acid (0. 

Procedure 

Prepare the aqueous solutions (containim 2y; methyl alcohol in vo- 

lume percent) of t h l  and salicylic acid at  different concentration 

level and those of thymol and 4aitrobenzoic acid at different concen- 

tration with the correspondent stock solutions. 

'hen record the spectra against the reagent blank at 282 m. Calcu- 

late the ratio KN and KM, the slope of the calibration curve for  M and N 

respectively, by regressing the spectral data. 

With the obtained calibration curve, determine a serious q l e s  

that their concentrations were already known. 
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574 LIU, SONG, AND ZHOU - 
curve 

I. For the mixture of t h l  and salicylic acid 

(i.) The anal- is thyplol 

Y = -2.528 x + 13.30 Y =-0.9999 

~ ~ = i 3 . 3 0  A D=-2.528 cM 

(ii.) Ihe analyte is salicylic acid 

Y = 3.305 x - 29.81 Y = 0.9994 

k-29.81 A Dz3.305 CN 

11. For the mixture of t h l  and 4-nitrobentoic acid 

(i.) 'he analyte is thymol 

Y = -1.422 x - 4.912 Y = 0.9999 

KN=-4.912 A D=-l.422 CM 

(ii.) 'he anal* is 4-nitrobenzoic acid 

Y = 1.765 x - 29.89 
Kn=-29.89 A Dzl.765 CN 

y = 0.9996 

Using the tnethod p r o d ,  the samples prepared with the known con- 

centration were determined. Ihe results were listed in Table 1 and Table 

2. Ihe results mee well with those of the prepared. 

cllKmua 

'his Paper showed a variant application of the K-coefficient idea. 

Ihe method is simple and applicable to some two-nent mixtures that 
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the derivative spectra (zeroth- and nth-1 of the two components in the 

mixture were all interfered seriously. 'he method was not intended as a 

replacement for other methods but rather as an alternative tool. So far, 

it was developed for two comnents, but it can be extended to three or 

more components with certain restricted conditions. 
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