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The effects of the variation of the 

1 concentration in both sample and 

carrier streams on sample dispersion in a 

ht single tube flow injection 

not involving a 

chemical reaction- are described. mine 

B and bromothymol blue were used as the 

dyes. The results show that the relative 

no1 concentrations of the carrier/sample 

ificant effects on the 

dispersion coefficient, D, the peak height, and 

the peak-width (sampling frequency), as well 

as on the noise level. 

concentration of the sample is less 

the carrier, the signal is higher but noise may 

be introduced. When the ethanol 

concentration of the mple is larger than that 

of the carrier, the al is smaller and the 

noise is avoided. The case where the ethanol 

concentration of the mole is equal to that of 

the carrier is the optimum combination, 

achieves higher sig sensitivity (i.e. peak 

height) and effectively avoids both p 

ow injection analysis, 

bromothymol blue 
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The design of the flow system depends 

primarily on the type of the 

as this dictates the type of dispersion of the 

sample zone which should be created [I]. In 

practice the amount of the sample dispersion 

is controlled by altering the manifold design 

in flow injection analysis (FIA) [ 2 ] .  In order 

to design systems with various dispersion, the 

influence of the sample volume, tube r 

tube length, flow rate, linear velocity and 

reactor volume all have to be considered [I]. 

er factors, such as temperature [3], flow 

cell [4,5], and molecular diffusion of the 

solute [6] ,  as sources of dispersion, also need 

to be considered in a FIA system. Organic 

solvents have receiv numerous applications 

in FIA to improve the performance or study 

the dispersion behaviour [7-151. 

The choice of the solvent in ultraviolet 

and visible spectroscopy depends on an 

equate solubility of the substance to be 

measured. Ethanol is miscible with water in 

any proportion and is an important solvent for 

UV-VIS spectroscopy. It was observed that in 

FIA introducing aqueous samples into a 

system with relatively high ethanol 

concentration usually produces spurious 

signals because of refractive index c 

This effect can be avoided by introducing the 

sample into an aqueous stream subsequently 

mixed with a reagent stream [15]. 

odamine B is easily soluble in 

01 and cellosolve to give a pink- 

red solution with strong yellow fluorescence. 

In a polar solvent such as alcohol, acetone or 

water, the rhodmine solution shows an 

intense violet colour [16]. This reagent has 

been used in flow injection spectro- 

photometric [17, 181 and spectmfluorimetric 

[19] analysis. Bromothymol blue dissolves 

readily in methanol, et 

aqueous alkaline hydroxide solutions, but is 

only slightly soluble in pure water and 

benzene. A 0.1 % solution of the indicator 

acid in 20 % ethanol or a 0.04 % aqueous 

solution of the sodium salt is used as indicator 

solution [20]. Bromothymol blue has been 

in FIA as an indicator for base-acid 

titrations and for studies of sample dispersion 

[l, 2,21-231. 

In our previous paper [24] the effects 

01 only in the carrier or in the 

sample on the sample dispersion, rhodamine 

B as the tracer, were investigated in a straight 

tube FIA spectrophotometric system. The 

dispersion behaviour, such as the dispersion 

coefficient, D, values and the peak height, as 

well as the peak width for the rhodamine B 

uenced by the ethanol compositions 

of the carrier and of the sample. A significant 

noise was observed when the ethanol 



concentration of the carrier is more t 

40 % (vlv). In the present paper, employing 

in the carrier and in the sample solvent are 

ed in detail for the rhodamine 

in comparison with bromothymol blue dye. 

y choosing the sampleicarrier et 

combination the higher sensitivity can be 

achieved and noise is avoided in the FIA 

ometry for both rhodamine 

1 blue dye systems. 

1 reagents were of analytical grade. 

96 % Ethanol ck) and distilled 

further deionised water was us 

preparation of the sample solutions and of the 

The bromothymol blue stock solution 

(0.4 %) was prepared by dissolving 0. 

of bromothymol blue 

96% ethanol, diluting to 200 ml with 

deionised water. This stock solution was 

further diluted before use with deionised 

water and/or 01 in a volume ratio of 

1: 100. 

1 solutions were d 

pump prior to use in order to avoid the effect 

aratus: A Zeiss 2D 

spectrophotometer, with a glass flow-through 

cell of 10 mm optical ath and 70 u.1 of 

volume, was operated at 553 

d at 432 nm for the 

bromothymol blue system. The steady-state 

absorbance of the dye solution was measured 

with the spectrophotometer, by means of a 10 

the dye solutions were 

array spectrophotom 

the respective solve 

cuvette. A perista 

ISMATEC, Switzerland) was used to deliver 

t h ethylene 

(PTFE) rotary sampling valve [25] fitted with 

50 u.1 sample loop (0.9 

FIA system. The s 

connected to the detector via a 50 cm length 

of 0.9 mm i.d. polyethylene stra 

absorbance was continuously monitored on a 

ure: The single line FIA manifold 

used in the present 

Injection of a dye a 

ol solution 



photometric measurement and recording of 

the dispersed sample zone were used to test 

the effects of the ethanol concentrations both 

in the sample and in the carrier. A sample 

volume of 50 pl injected in all cases. 

After the sample (1 .Ox 10'' mofl of rhodamine 

B or 4 x 1 0  % of bromothymol blue solutions 

with various fractions of ethanol) was 

pling valve was not r 

osition until the maximum 

absorbance value (p ) for the previous 

sample had been reached. The flow rates of 

the carrier and of the sample streams were 1.6 

mltmin, which is different from that (1.44 

mllmin) in the previous paper [24] due to use 

ump tubes. Fixing t 

solution composition of the carrier, the effect 

of the sample with the same dye concentration 

were determined one by one. Every sample 

was injected successively in triplicate. 

the determinations of a er solution series 

was completed another composition of the 

carrier was used in the next series of 

etemUnations. 

In the calculation of the dispersion 

coefficient, D (=If/Hm"), the respective 

steady-state absorbance, measured in usual 

spectrophotometry (10 mm cuvette) and 

deionised water as the blank- is used as HÂ 

that depends on the ethanol concentration of 

the sample solution. ff^ is the average value 

hts of every sample. 

experiments were done at room temperature. 

Fig. 1. The single line flow system. 

recorder; FC = flow cell; W = waste. 

The ethanol content affects the 

absorption spectra of the rhodamine B 

solutions and thus its ste 

at the fixed wavelength of 553 nm [24]. In 

comparison with the rhodamine B solutions 

the bromothymol blue solutions. The A,- of 

the bromothymol blue solutions shifts about 

10 run to shorter wavelengths, from 432 nm, 

as the ethanol content increases. However the 

shape of absorption spectra is different and 

bromothymol blue is 

at 553 and 432 nm, 

respectively, with respect to the rhodamine B 



and bromothymol blue systems. 

In usual spectrophotometric 

measurement the sorbance is linear up to 

1 . 2 ~  lu5 moVl for the rhodarnine B solutions 

and up to 5 . 6 ~ 1 0  % gher concentrations 

not tested) for the bromothymol blue 

solutions. The concentrations of 1 x 10" molfl 

and of 4xl0-~ % for 

bromothymol blue were select 

present work. 

Using above wavelengths and dye 

ions, the effect of the ethanol 

content on the ste y-state absorbance was 

studied for the two dyes, and the results show 

that the ethanol concentration in the dye 

solutions influences the ste 

absorbance due to the shift of Lx. However, 

the effects of the ethanol content on the 

steady-state absorbance for the bromothymol 

blue solutions are less than those for the 

rhodarnine solutions because of the 

sample constant (1 .OX 10" molll), the effects 

of various fractions of ethanollwater in the 

carrier and in the sample on the response were 

examined for the rhodamine 

the recorded curves are shown in Fig. 2. The 

results show that the amounts of ethanol in 

the carrier and in the sample have a 

significant influence on the peak height, the 

peak width, and dispersion co 

as on the noise. Their effects will be 

respectively discussed in the following 

paragraphs. 

peak heights are obtained, but noise is 

introduced with higher carrier et 

concentration (>40 %). 

content of the sample is hi 

s are smaller and remain 

almost constant (except for the case of water 

as the carrier). The case where the sample and 

the carrier have the same ethanol 

concentrations is the optimum combination to 

obtain higher sensitivity without both p 

broadening and noise. Under the optimum 

carrierlsample combination without noise 

(20% 1 20%), the sensitivity can be improved 

1.4 times with respect to the pure water 

system. 
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as the average reading of 

eqefimenbl con&tions are the same as h Fig. 2. 

The ethmol contents of the carrier and 

incrmses as the difference of the ethanol 

concentration bemem the carrier and the 

carrier. 

The ethmol mnmnwations of the 

carrier andor of the sample have a sigkficant 

n the ethmol mnceawation of the 

smple is equal to or smaller to that of the 

carrier, the dispersion coeficient D is smaller 

and newly consmt, in the range of low 

dispersion ( B l - 3  

conwntmion of the 

of the carrier, the D values are larger, in the 

range of medium dispersion (D=3-10). The 

indicate that rho ne B sample solution 

01 concentmtion is 

easily dispersed (or diluted) in a carrier with 

ol concen~ations in the 

solutions aRect the wavelen 

of magmum absorbance of the abso 

y-state 

steady-state hsorbance relative to the 

content respedvely us as the IT or only the 

steady-state absorbmce of the water solution 

used as the I f"  in calmlati% the D values. 

Howwa, as previously mation& for ths 

rhodamhe I3 syaem 1241, the shift of the 



Fig. 4. hfluence ofthe 01 composition of the 
on the dispersion 

meEcimt for the &o&&e E3 system. 
rcemges on the curves represent mmiw 

1 concenMms. me eqenrne-1 
m n ~ o n s  are the same as in Fig. 2. 

h o t h e r  influence of the ethanol 

in the flow injeaion 

sp&roph&ometric system is the noise. The 

noise is determined by the 

con~nt ru ions  as well as the relative ethanol 

contents between the 

en the carrier ethanol 

20 % (v/v), there is 

no noise observed, even through a dye 

solution in 96 % &hmol is used as the s 

stream. When the canier ethanol 

40 ?4 (v/v), noise 

may be introduced, depending on the sample 

@than01 conmntrations: the case where the 

ethanol concentration of the sample is less 

than that of the carrier produces a s 

noise; in the other case, where the ethanol 

concentration of the sample is equal to or 

her than that of the carrier, there is no 

noise obsemed. 

contents in flow injection spectrophotometric 

analysis. The d i b  on s~lutions must be 

carehlly matched to the sample with respect 

1 contents. The ehanol 

composition of the carrier is preferably the 

mple. In order to test the above 

conclusions, bromothymol blue was selected 

to further investigate the eRects of ethanol on 

dispersion in flow injection 

spectrophotometGc anajysis. The results for 

the bromothymol blue system are respe~ively 

shown in Fig. S to Fig. 7. It can be seen that 

the eEects of the ethane1 wncentrations of the 

sample and of the carrier on the peak height, 

width, and on the dispersion 

coeEcient, as well as on the noise, are similar 

for both the bromo&ymoI blue and the 

rhodmine I3 systems. 

The reproducibility of the pe 



shown in Fig. 2 (and Fig. 5) is not good, 

because there is the absoqtion of the dyes on 

the internal walls of the pump tubes and of the 

connecting tubes. The variation of the ethanol 

quilibrium and 

cause the flumation of the dye concentration. 

Thus the peak height change mahly in the 

first sample peak. In F . 5 the interval time 

er than that in Fig. 2, an 

the reproducibility is better. Thus it is 

possible that the reproducibility is m h e r  

improved afier a suacient 

Compared Fig. 7 with Fig. 4y the 

tendencies of the l3 vdues for the rhod 

B and bromothymol blue, relative to the 

I mn~entrations~ are similar, although 

the dispersion coeficiea D values for 

rhodamine B and bromothymol blue do have 

some differences. An explmation of this 

variation can be found by comidering the 

different rates of difhsion of different mlutes 

solution. 

The variation of the ethanol content 

produces changes in the hysicd propeaies of 

the solution, such as the density, the index of 

d the Gscosity, as we11 as the 

fluidity, etc. [26], which can affect the 

Brooks et al. [27] obsewed that the di 

coeEcient increases with both an 

carrier stream vismsity and as the diffmence 

n the injected sample and 

The refractive index eRect is 

Werent in FIA when mlodmetric detection 

by virtue of the incomplete mixing of 

the fornation of 

concentraion gadients. This 

superimposed on the absorbance peak of the 

the shape and the height 

signals because of the refractive index 

change. 

The regactive indices of &hnoUwatm 

solutions are related to the ethanol content 

of ethanol, then decreases after 80.0 % of 

ethanol The di 

indices bemeen the sample and the carrier is 

given in Table 1, It can be seen that for the 

two dye system the noise is not 

relative to the difference of the 

depends on the relative ethanol concen@&ions 

bemeen the sample and the carrier. 

dispersion beha~our  of the solute in FXA, 



Fig. 5. RKO hs for the brom&mol blue s 
The conditions and symbols as in Fig, 2 ex the dye is brom&ymol blue in 4 x 1 ~ ~  %. 



phs for the bromothymol blue system (wdinued). 
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Ethanol concentration in bromothymol blue sample/Veiv/vI Ethonol concentration in bromoihymol blue somple/a/~lvM 

ction of the ethanol of the ethanol composition of the 
composition of the carrier and of the sample the sample on the dispersion 

the bromothymol blue sy e bromothymol blue system. 
m point was the average e percentages on the curves represent carder 

es represent earner ol concentrations. e erimental 
height in units of conditions are the same as Fig. 5, 

chart division. The experimental conditions are 
the same as in Fig. 5. 

rences of the refractive indices b 

and the carrier for various an01 combinations ' 
Carrier / % (vfv) 

Difference of RIX 1 04 * 0 20 40 60 80 96 

0 0 -112 -223 '@ -291 @@ -325 '@ -312@* 

refractive index versus concentration were used to deduce 

ence is the refractive index of the sample minus that of the carrier. 
@: rhodamine B and 0: bromothymol blue systems with noise. 



, similar results were 

obtained with the two dye systems as the 

tracer, i.e., rhodamine B and bromothymol 

blue. The ethanol concentrations in both the 

Ie and the carrier have a significant 

influence on the dispersion behaviour, such as 

the peak height (sensitivity), the peak width 

uency), the dispersion 

coefficient, D, values, and the noise in a flow 

injection spectrophotometric system. The 

effects depend on the relative concentrations 

of ethanol between the sample and the carrier. 

It is possible to improve the analytical 

characteristics in flow injection 

spectrophotometric analysis by means of a 

combination of t samplefcarrier et 

en the ethanol concentration of 

the sample is equal to that of the 

higher sensitivity and a narrower peak-width 

(higher analytical frequency) are achieved, 

without introduction of noise. 
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