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Abstract 

     Two well-known fluorescent molecules: fluorescein sodium salt (FSS) and 2,7-

dichloro fluorescein (DCF) were tried to prove the efficiency, trustability and 

repeatability of ISNAG fluorimeter by using discrete and continuous flow injection 

analysis modes.A linear range of 0.002-1 mmol/L for FSS and 0.003-0.7 mmol/L 

was for DCF, with LOD 0.0018 mmol/L and 0.002 mmol/L for FSS and DCF 

respectively, were obtained for discrete mode of analysis. While the continuous 

mode gave a linear range of 0.002-0.7 mmol/L and 0.003-0.5 mmol/L for FSS and 

DCF respectively, the LOD were 0.0016mmol/L and 0.0018 mmol/L for FSS and 

DCF respectively. The results were compared with classical method at variable λex 

for both fluorescent molecules at 95% confidence level. The comparison data shows 

that ISNAG fluorimeter is the choice with excellent extended detection and a wider 

applicability. 

 

Keywords: Fluorescein sodium salt, 2, 7-Dichlorofluorescein, Flow injection 

analysis, Fluorescence. 

 

بإستخدام اربعة خلايا °09-و  °09+على الكليةالقياس للفلورة ) ISNAGتقييم مقياس الفلورة 
المعروفة عن  ةفلور مع جزيئات ال( 2mmوبمسار تشعيع  100mmشمسية على كل جانب لمسافة

 تقنية الحقن الجرياني المستمرطريق 
 

 2حيدر قيس منشد ،*1نغم شاكر تركي
 .قسم الكيمياء، كلية العلوم، جامعة بغداد، بغداد، العراق 1

 .قسم الصيدلة، كلية الاسراء الجامعة، بغداد، العراق 2
 

 الخلاصة
ثنمممممامر كلوريمممممد -2,2و   (FSS)الصممممموديوم: ملمممممر  لوريسممممميل جمممممنيمتيل مت لمممممور  معرو مممممة تمممممم اسمممممت دام     

الحلممل تحليمم   تلنيممةباسممت دام   ISNAG لإثبمماك ك مماء  وموثوقيممة وتكممرار مليمما  ال لممور   (DCF)ال لورسمميل
مو /لتر لملمر  لورسميل  ملر 1-2..0.تم الحصو  على مدى منحنر المعاير  و الجريانر المن صلة والمستمر ؛ 

ملمر   0.0018ثنامر كلوريد ال لورسميل، ممح حمد الك م -2,2لجنيمة مو /لتر  ملر 02.-0..0.الصوديوم و 
، ثنامر كلوريد ال لورسيل علمى التموالر-2,2/لتر لملر  لورسيل الصوديوم و جنيمة ملر مو  2..0./لتر و مو 

مليممممو /لتر و  02.-2..0.ممممدى  طمممر ممممل  الطريلمممة المسمممتمر   مممر حممميل  عطمممكلطريلمممة التحليممم  المن صممم 0 
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، ثنمممامر كلوريمممد ال لورسممميل علمممى التممموالر-2,2لملمممر  لورسممميل الصممموديوم و جنيممممة ممممو /لتر  ملمممر 00.-0..0.
-2,2لملممر  لورسمميل الصمموديوم و جنيمممة ملممر مممو /لتر  10..0.ملممر مممو /لتر و 10..0.الك مم وكممال حممد 

لكم  الجمنيمتيل  ل مةم ت λexباست دام التوالر0 تم ملارنة النتامج مح الطريلة التلليدية  ثنامر كلوريد ال لورسيل على
 هممو الا تيممار الامثمم  ولمممدى 0ISNAG تظهممر نتممامج الملارنممة ال مليمما  ال لممور  %50المت لممورتيل وبحممدود ثلممة 

 ك   ممتان وتطبيق اوسح0
Introduction 

     Fluorescein sodium salt (FSS); is a common dye used in fluorescent spectroscopy which is also 

known as uranine, it has the empirical formula of C20H12O5Na2 Figure-1(a), it is freely soluble in water 

and alcohol [1]. It was reported that FSS solutions are unstable when heated due to the photochemical 

instability, which has a major pKa of 6.4 [2]. While, 2, 7-Dichlorofluorescein (DCF); is a fluorescein 

derivative belongs to the xanthene dyes group with an empirical formula of C20H10Cl2O5 Figure-1(b).It 

is insoluble in water, soluble in ethanol and slightly soluble in ether and methanol. DCF has a pKa of 

4.46 and give a weak green fluorescence at pH 4.0 to intense green fluorescence at pH 6.0 [3]. Both 

fluorescent molecules have a wide range of applications and usage as fluorescent indicator for the 

indirect detection of ions[4, 5], organic compounds[6-8],drugs[9, 10], biological molecules [11, 

12]and a wide range of medical applications[13, 14]. These molecules were also used in quenching of 

continuous flow injection analysis (CFIA) [15-18]. 

     In this study these two fluorescent molecules were used for the assessment of ISNAG fluorimeter. 

A homemade ISNAG fluorimeter with low-pressure mercury lamp; the Hg-lamp will supply two 

specific lambdas 184.9 & 253.7 nm (as it is regarded in candescent lamp (low pressure))[19],the 

emitted fluorescence was measured at ± 90◦ via 2×4 solar cell (410-1150 nm spectral range). Which 

will detect the visible length region and any of the reflected if any reach the solar cell as being beyond 

its response efficacy. 

 

  

Figure 1-Chemical structures of fluorescent molecules. (a) Fluorescein sodium salt; (b) 2, 7-

Dichlorofluorescein. 

 

Chemicals and Apparatus 

Reagents and chemicals 

      All chemicals were used of analytical-reagent and distilled water was use to prepare all the 

solutions. A standard solutions of 1mmol/L of FSS and DCF, molecular weight 376.275 and 401.195 

g/mole respectively, were prepared by dissolving 0.1811 g and 0.2006 g in 500 mL respectively. A pH 

range of 2.2–8.0 buffers were prepared according to McIlvaine citric acid–phosphate buffer systems 

[20]. A series of sodium hydroxide solutions were prepared from the dilution of standardized stock 

solution (0.1 mol/L) with distilled water. 

Apparatus 

     A homemade ISNAG fluorimeter (described above) was used with 4-channels peristaltic pump 

(Ismatec, Switzerland) and Six-port medium pressure injection valve (I D E X corporation, USA) with 

sample loop (1 mm i.d. Teflon, variable length). Potentiometric recorder to estimate the output signals 

(Siemens, Germany (1- 5 V)). Spectrofluorometer (RF-1501, shimadzu, Japan) was also used for 

classical spectrofluorometric methods. 

 

(a) (b) 
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Methodology 

     A single line manifold system Figure-2 was tried via the use of distilled water as a carrier stream 

and injected volume of the fluorescent solution at 176 µL of 0.1 mmol/L at 2.2 mL/min flow rate for 

FSS and 250 µL of 0.1 mmol/L at 2.75 mL/min for DCF using 2 mm i.d. of silicone special tubing in 

the 4-channels Ismatic peristaltic pump. Figure-3 (a, b) show a response-time profile for six repeated 

successive measurements of the fluorescein sodium salt and 2, 7-dichlorofluorescein respectively. In 

order to study the optimum parameters by making all variables constant and varying one at a time i.e. 

fixed variable optimization. To optimized the chemicals involved in the reaction of variable; three 

modes were used; alkaline medium in addition to distilled water, disodium hydrogen orthophosphate – 

citric acid buffer as a carrier stream, sodium hydroxide solution as a carrier stream and direct sample 

preparation using (D.W, selected-pH, and variable concentrations of NaOH). The variation of physical 

parameters including flow rate, sample volume, purge time and effect of temperature were also studied 

using optimum parameters achieved in previous sections. Two sets of calibration graph were 

constructed based on mode of measurements (Discrete mode; a set of 0.001-1 mmol/L were prepared 

using 250 µL sample injected on a carrier stream line (0.05 mol/L NaOH for FSS and distilled water 

for DCF), and continuous mode; the carrier stream in this case is the fluorescence molecule while 

distilled water is injected on as a sample loop) using 250μL as an injected sample volume with an open 

valve mode and flow rate of 2.75 mL/min for FSS and 2.2 mL/min for DCF. The classical methods 

also studied using direct fluorescence at variable λex for both fluorescent molecules. 

 

 
Figure 2- One-line manifold system design using FSS and DCF as an injected sample. 

Figure 3- Response profile for the fluorescence intensity, (a) Fluorescein sodium salt; (b) 2, 7-

Dichlorofluorescein. 
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Results and Discussion 

Study of the optimum parameters 

     The chemical and physical parameters for the flow injection manifold system which shown in 

Figure-2 were investigated, in order to obtain optimum conditions for studying the fluorescence of 

FSS and DCF, it was noticed that when using variable hydrogen ion concentrations as a carrier stream, 

via disodium hydrogen orthophosphate – citric acid buffers, at high pH values the emission intensity 

of fluorescent molecules increase up to pH value of 7; then followed by a stable just about constant 

level of fluorescent emission of FSS. While using DCF; fluorescence emission increases starting at 

pH=6 followed by a slight variation in emission Figure-4. Also both molecules show an intersection at 

pH 3.5, which means that at this pH value no significant difference can be noticed in measurements 

using both tried fluorescent molecules. While the use of sodium hydroxide solution as a carrier the 

responses obtained show good acceptable repeatable measurements Figure-5. Based on these studies; 

constant concentration of FSS and DCF (0.1mmol/L of each) were prepared in different media (D.W, 

selected-pH, and variable concentrations of NaOH) and D.W used as a carrier stream. It can be noticed 

from the obtained results (Table 1) that the σn-1 = 5.99 and RSD% = 1.24 is very small; therefore, it 

can be regarded as there is no significant difference using either D.W or any alkaline medium tried in 

the above mentioned experiments. So, it was decided that 0.05 mol/L NaOH concentration as a carrier 

stream was the most suitable medium for have a maximum fluorescence intensity, which might be 

attributed to the increase number of resonance species that are associated with the basic forms of the 

molecules. While for DCF, it was noticed that a decrease in the fluorescence intensity with variable 

NaOH concentrations, which might be due to the external conversion effect by which a molecule 

passes to a lower energy electronic state without emission of radiation. Therefore, pH = 6 was chosen 

as the optimum medium that used in all subsequent experiments for DCF. 

 
Figure 4-Variation of fluorescence intensity at different pH value. 

Figure 5- Variation of NaOH concentration that effect on fluorescence of FSS and DCF using 176µL 

(0.1mmol/L) of FSS and 250µL (0.1mmol/L) for DCF. 
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Table 1- Effect of different medium on fluorescence intensity expressed as an average peak heights 

(n=3) at constant concentration of (0.1 mmol/L) for both molecules 

Type of 

medium 

Fluorescence Intensity  

expressed as an average 

peak heights (n=3)ȳi 

(mV) 

RSD% 

Confidence interval of the 

average response (at 95% 

confidence level) 

ȳi±t0.05/2, n-1σn-1/√𝒏 

FSS DCF FSS DCF FSS DCF 

D.W 

σ
n

-1
 =

 5
.9

9
, 

R
S

D
%

 =
 1

.2
4
 

478 

σ
n

-1
 =

 1
7
.9

5
, 

R
S

D
%

 =
 2

.8
9
 

628 0.17 0.11 478 ± 2.06 628 ± 1.71 

pH 7
 

           pH 6
 490 660 0.16 0.14 490 ± 1.91 660 ± 2.29 

pH 8
 

          pH 7
 492 596 0.20 0.14 492 ± 2.39 596 ± 2.06 

[N
a
O

H
] 

(M
o
l/

L
) 

0.005 474 614 0.17 0.20 474 ± 1.96 614 ± 3.01 

0.01 480 618 0.21 0.21 480 ± 2.53 618 ± 3.28 

0.03 482 622 0.20 0.20 482 ± 2.43 622 ± 3.08 

0.05 482 618 0.14 0.17 482 ± 1.71 618 ± 2.61 

0.1 480 620 0.21 0.22 480 ± 2.53 620 ± 3.33 

 

     While the physical variables study was carried out for the determination of preferred flow rate 

within the range of 0.58 to 4.3 mL/min using 0.1 mmol/L of FSS (176µL) with NaOH 0.05 mol/L as 

carrier stream and 0.1 mmol/L of DCF (250µL) prepared in pH 6 solution (12.63 mL (0.2mol/L) 

Na2HPO4 + 7.37 mL (0.1mol/L)citric acid).Figure-6(a, b) show that at low flow rate there was an 

increase in diffusion and dispersion which causes to enlargement of sample segment of the fluorescent 

species which in turn to increase of beak base width (Δtb) and distorted profile, while at higher flow 

rate (i.e. > 0.58 mL/min) a slightly decreased of fluorescence intensity followed by; there was an 

increase height up to 2.75 mL/min for FSS and 2.2 mL/min for DCF and then decrease of fluorescence 

emission (i.e. > 2.75 and 2.2 mL/min for FSS and DCF respectively), due to departure of fluorescent 

species from measuring cell at a short time. So the best flow rate for fluorescence measurement, sharp 

maxima and minimize the consumption of solutions was 2.75 and 2.2 for FSS and DCF respectively as 

shown in Figure-6 (c). 

 

(a) 
 

(b) 
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Figure 6- Effect of flow rate on the fluorescence intensity. (a) Response profile for FSS; (b) Response 

profile for DCF; (c) Relationship between flow rate with F.I., t and Δtb. 

 

     A variable sample volumes were injected using ranged sample loop (50-250 µL), while the other 

parameters were fixed for (0.1mmol/L) of both FSS; flow rate 2.75 mL/min; and DCF; flow rate 2.2 

mL/min; in order to determine the optimum sample volume. It was noticed that an increased in sample 

segment (sample loop volume) for all fluorescent molecules leads to an increase of fluorescence at a 

wavelength that the solar cell is capable in detecting these emissions. On this basis 250 µL Figure- 7 

was chosen as the optimum volume for carrying out the rest of studies.The optimum sample loop was 

purged for variable injection time (2-25 sec) in addition to the open valve mode. Increased 

fluorescence emission was noticed as allowing without disturbing the flow of sample loop i.e.; 

continuous mode of open valve technique is the best to conduct this work at this stage as shown in 

Figure-8. 

 

 
Figure 7- Variation of sample volume on fluorescence intensity and peak base width for each 

fluorescent molecules. 

 

 
  

FSS 

(c) 
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Figure 8-Effect of purge time on fluorescence intensity using FSS and DCF. 

 

     The final parameter in this study deals with the variation of temperature during the journey of the 

sample (fluorescent solution as a segment) from injection valve to the measuring cell, this study was 

carrying out using optimum open valve sample loop of 250 µL for 0.1 mmol/L of FSS and DCF; flow 

rate 2.75 mL/min and 2.2 mL/min respectively. A sand bath was used to rise the temperature of the 

placed beaker in it with constant stirring. It should place in mind that UV-lamp (LP Hg Lamp) 

generate heat while it is on, but because of the design and material used to enclose the lamp; a brass 

metal covers most of the exposed area of the lamp as it works as heat sink. In addition, that a constant 

solution flow; the 100 mm length (flow cell) will keep an approximate steady (σn-1= 2 & 2.153) with 

minimum of 27°C up to 33°C corresponding to the inlet feed temperature of 23°C up to 80°C (σn-1= 

18.312 & 17.758) for FSS and DCF respectively. As a final conclusion the variation of inlet feed 

temperature will cause a fluctuation in signal profile and distorted. On this fall study no high 

temperature (beyond room temperature) is required Figure-9. 

 

 
Figure 9- Effect of temperature on the fluorescence intensity of FSS and DCF. 

 

Calibration curve 

     Two sets of calibration graph were made based on mode of measurements; discrete mode; a linear 

range was 0.002-1 mmol/L for FSS while 0.003-0.7 mmol/L was for DCF.A narrower range in DCF is 

expected due to the presence two chlorine atom in the molecule that will affect the space occupation 

by the molecule causing less sensitive extended range even it is relatively small. The practical limits of 

detection (based on the gradual dilution for the minimum concentration) were 0.0018 mmol/L 

(169.324 ng/sample) and 0.002 mmol/L (200.598 ng/sample) for FSS and DCF respectively. 

Continuous mode; A linear range of 0.002-0.7 mmol/L and 0.003-0.5 mmol/L for FSS and DCF 

respectively were obtained, high concentration will be avoided at this stage due to different quenching 
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effects (might be e.g., self-quenching, internal conversion and external conversion).The limits of 

detection were 0.0016 mmol/L and 0.0018 mmol/L for FSS and DCF respectively. The results were 

tabulated in Table-3 using two modes and compare with classical methods at variable λex for both 

fluorescent molecules at 95% confidence level. 

     In order to decide the biaseness of one mode of reaction pattern using single line manifold (discrete 

and or continuous) and based on the data in Table-3, a plot of responses of discrete as independed 

variable was plotted against responses of continuous mode for the same concentration (ranging from 

0.002-0.7 mmol/L) for FSS. The graph plot Figure-10(a) shows the biaseness toward the continuous 

mode; as the slop is  45° (it is 55.61°). While DCF is the same way; i.e: biaseness to word continuous 

mode Figure-10(b), the slope was  45° (it is 56.13°). A comparison Table-2 between finally arrived 

ISNAG procedure emissions intensity regarding all data treatments parameters. It was recognized that 

due to different of scales of dependent and independent variables (i:e concerning the linear equation y= 

a+ bx). 

     It was realized that no comparison can be made due to different status of population, therefore a 

narrower range is obtained with spectrofluorometric while a wider range was the characteristic of 

ISNAG fluorimeter. 

    The spectrofluorometric gave a four peaks in FSS, three of them falls in the visible region while the 

DCF gave three strong bands one at UV region (290 nm) while the rest full in the blue and yellow 

orange region (445 nm (blue) & 580 nm (yellow orange)). The rest of data which are tabulated in 

Table-2 that includes r (correlation coefficient), r
2
 (coefficient of determination) and range; which 

indicate all together the wider applicability with excellent correlation and % R squared which can 

explain at excellent level for all data obtained using ISNAG fluorimeter; which was measure total 

fluorescent emission released via the irradiation of nearly specific λ. No monochromater was used to 

restrict the out coming emission when measured at certain specified λ. While ISNAG fluorimeter 

measure any visible emission. ISNAG fluorimeter is the choice with excellent extended detection and 

a wider applicability. 
 

Table 2- Summary of calibration curve results for FSS and DCF at 95% confidence level. 

M
o

le
c
u

le
 

Type of method 

Range of 

calibration curve 

(mmol/L) 

Equation of calibration curve 

�̂�𝒊 = 𝒂 ± 𝑺𝒂𝒕 + 𝒃 ± 𝑺𝒃𝒕[𝑿] 
at confidence level  95%, n-2 

r 

ttab= t0.025, n-2 tcal=
|𝒓|√𝒏−𝟐

√𝟏−𝒓𝟐
 

r2 

R2 % 

F
lu

o
re

sc
ei

n
 s

o
d

iu
m

 s
a

lt
 

D
ev

el
o
p
ed

 Discrete 
0.002 – 1 

(n=13) 
�̂�𝒊 = 205.77 ± 215.21 + 2951.04

± 570.72[X] 

0.9601 

2.201<<11.381 0.9217 

92.17 

Continuous 
0.002 – 0.7 

(n=12) 
�̂�𝒊 = 252.12 ± 229.72 + 4330.07

± 863.91[X] 

0.9621 

2.226<<11.157 0.9256 

92.56 

C
la

ss
ic

al
 

λex = 232 nm 
1×10-5– 0.004 

(n=9) 
�̂�𝒊 = 47.38 ± 35.99 + 213545.97

± 19440.46[X] 

0.9948 

2.365<<25.979 0.9897 

98.97 

λex= 254 nm 
1×10-5 – 0.002 

(n=7) 
�̂�𝒊 = 52.48 ± 53.59 + 350740.60

± 58670.93[X] 

0.9895 

2.571<<15.370 0.9792 

97.92 

λex= 481 nm 
1×10-5 – 1.5×10-4 

(n=6) 
�̂�𝒊 = 261.02 ± 85.04 + 4204780.00

± 873255.81[X] 

0.9889 

2.776<<13.367 0.9781 

97.81 

2
,7

-D
ic

h
lo

ro
fl

u
o
re

sc
ei

n
 

D
ev

el
o
p
ed

 Discrete 
0.003 – 0.7 

(n=12) 
�̂�𝒊 = 172.96 ± 144.69 + 3092.63

± 499.09[X] 

0.9747 

2.226<<13.793 0.9501 

95.01 

Continuous 
0.003 – 0.5 

(n=11) 
�̂�𝒊 = 342.61 ± 215.32 + 4255.80

± 991.77[X] 

0.9554 

2.262<<9.706 0.9128 

91.28 

C
la

ss
ic

al
 λe = 243 nm 

1×10-9 – 1×10-7 

(n=6) 
�̂�𝒊 = 31.08 ± 50.18 + 5402.12 × 106

± 906.27 × 106[X] 

0.9927 

2.776<<16.547 0.9856 

98.56 

λex= 254 nm 
1×10-9 – 2×10-7 

(n=7) 
�̂�𝒊 = 49.14 ± 52.91 + 3528.38 × 106

± 579.28 × 106[X] 

0.9899 

2.571<<15.659 0.9800 

98.00 
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𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 = �̅�𝑖(𝑝𝑟𝑎𝑐𝑡𝑖𝑐𝑎𝑙 𝑣𝑎𝑙𝑢𝑒) − �̂�𝑖(𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒) 
Figure 10- Fluorescence E.I for discrete mode vs fluorescence E.I for continuous mode. 

A, Fluorescein sodium salt (FSS); B, 2,7-Dichloro fluorescein (DCF). 
 

     The reality and repeatability of the method were studied at a selected concentration of (0.1 

mmol/L) using 250µL sample volume with open valve mode for both molecules. Repeat 

measurements for eight successive injections were measured and the obtained results are tabulated in 

Table-3. 

 

Table 3- Repeatability results of 0.1 mmol/L of FSS and DCF  using 250µL injected sample, an open 

valve mode for discrete mode. 

Type of fluorescent 

compounds
 

Fluorescence intensity 

expressed as an average 

peak heights (n=8)ȳi (mV) 

RSD% 

Confidence interval of the 

average response (at 95% 

confidence level) 

ȳi±t0.05/2, n-1σn-1/√𝒏 

FSS 678 0.34 678 ± 1.940 

DCF 679 0.29 679 ± 1.656 

t0.025,7 = 2.365 

 

 

Rank 2350  Eqn 1  y=a+bx
r 2̂=0.99197256  DF Adj r 2̂=0.99018868  FitStdErr=97.558975  Fstat=1235.727

a=76.767975 

b=1.1935182 
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−
𝒚
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expressed on(mV) output 

Discrete mode 

[
𝑭𝒍𝒖𝒐𝒓𝒆𝒔𝒄𝒆𝒏𝒄𝒆 𝑬. 𝑰
𝒆𝒙𝒑𝒓𝒆𝒔𝒆𝒅 𝒐𝒏 𝒎𝑽

𝒐𝒖𝒕𝒑𝒖𝒕
]
𝑪𝒐𝒏𝒕𝒊𝒏𝒖𝒆𝒔

𝒎𝒐𝒅𝒆

=𝟕𝟔. 𝟕𝟔𝟖 ± 𝟖𝟏. 𝟑𝟑𝟖 + 𝟏. 𝟏𝟗𝟒 ± 𝟎. 𝟎𝟕𝟔 [

𝑭𝒍𝒖𝒐𝒓𝒆𝒔𝒄𝒆𝒏𝒄𝒆 𝑬. 𝑰

𝒆𝒙𝒑𝒓𝒆𝒔𝒆𝒅 𝒐𝒏 𝒎𝑽

𝒐𝒖𝒕𝒑𝒖𝒕

]
𝑫𝒊𝒔𝒄𝒓𝒆𝒕𝒆

𝒎𝒐𝒅𝒆

 

r= 0.9960 

r2=0.9920 

R2%= 99.20% 

[
𝑭𝒍𝒖𝒐𝒓𝒆𝒔𝒄𝒆𝒏𝒄𝒆 𝑬. 𝑰
𝒆𝒙𝒑𝒓𝒆𝒔𝒆𝒅 𝒐𝒏 𝒎𝑽

𝒐𝒖𝒕𝒑𝒖𝒕
]
𝑪𝒐𝒏𝒕𝒊𝒏𝒖𝒆𝒔

𝒎𝒐𝒅𝒆

=𝟏𝟕𝟑. 𝟗𝟓𝟗 ± 𝟏𝟐𝟕. 𝟏𝟏𝟓 + 𝟏. 𝟐𝟎𝟔 ± 𝟎. 𝟏𝟒𝟓 [

𝑭𝒍𝒖𝒐𝒓𝒆𝒔𝒄𝒆𝒏𝒄𝒆 𝑬. 𝑰

𝒆𝒙𝒑𝒓𝒆𝒔𝒆𝒅 𝒐𝒏 𝒎𝑽

𝒐𝒖𝒕𝒑𝒖𝒕

]
𝑫𝒊𝒔𝒄𝒓𝒆𝒕𝒆

𝒎𝒐𝒅𝒆

 

r= 0.9874 

r2=0.9750 

R2%= 97.50% 
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Conclusion  

     The assessment of ISNAG fluorimeter through this research work was applied using comparison 

between finally arrived ISNAG procedure with classical spectrofluorometric method. It was 

recognized that a narrower range is obtained with spectrofluorometric while a wider range was the 

characteristic of ISNAG fluorimeter, which indicate the wider applicability with excellent correlation 

and % R squared. ISNAG fluorimeter is the choice with excellent extended detection and a wider 

applicability. 

 

References  

1. Blom, A., Chukharkina, A., Hallbeck, L., Johansson, L., Nilsson, A.C., and Kalinowski, B. 2016. 

Microbial, chemical and physical influences on uranine fluorescence measurements. 

2. Kola, L. and Amataj, S. 2006. The influence of some chemical and physical parameters of water 

samples on spectral determinations of fluorescent dyes. Macedonian Journal of Chemistry and 

Chemical Engineering, 25(2): 107-112. 

3. Sabnis, R.W. 2007. Handbook of acid-base indicators. CRC Press. 

4. Desbène, P.L., Morin, C.J., Monvernay, A.M.D. and Groult, R.S. 1995. Utilization of fluorescein 

sodium salt in laser-induced indirect fluorimetric detection of ions separated by capillary zone 

electrophoresis. Journal of Chromatography A., 689(1): 135-148. 

5. Kempahanumakkagari, S., Malingappa, P., Ambikapathi, G. and Kuramkote, D. 2012. 2, 7-

dichlorofluorescein hydrazide as a new fluorescent probe for mercury quantification: Application 

to industrial effluents and polluted water samples. Journal of Spectroscopy, 2013. 

6. Choi, M.G., Moon, J.O., Bae, J., Lee, J.W. and Chang, S.K. 2013. Dual signaling of hydrazine by 

selective deprotection of dichlorofluorescein and resorufin acetates, Organic & biomolecular 

chemistry, 11(18): 2961-2965. 

7. Xiao, Y., Li, Y., Ying, J., Tian, Y., Xiao, Y. and Mei, Z. 2015. Determination of alditols by capillary 

electrophoresis with indirect laser-induced fluorescence detection. Food Chemistry, 

174(Supplement C): 233-239. 

8. Lee, J.W., Kim, H.W., Im, H.G., Kim, H.Y. and Chang, S.-K. 2014.  Dual signaling of azide ions 

by deprotection of a dichlorofluorescein chloroacetate. Sensors and Actuators B: Chemical, 

192(Supplement C): 9-14. 

9. Robertson, T., Bunel, F. and Roberts, M. 2013. Fluorescein derivatives in intravital fluorescence 

imaging. Cells, 2(3): 591. 

10. Giuliani, G., Benedusi, A., Marzani, B., Baroni, S. and Pini, E. 2015. Active compound and related 

composition for dermatological use in the pharmaceutical or cosmetic field. Patents. 

11. Wang, X., Pauli, J., Niessner, R., Resch-Genger, U. and Knopp, D. 2015. Gold nanoparticle-

catalyzed uranine reduction for signal amplification in fluorescent assays for melamine and Z   af 

Xxs sc d dqxc dqc xdlatoxin b1, Analyst, 140(21): 7305-7312. 

12. Barbero, N., Barni, E., Barolo, C., Quagliotto, P., Viscardi, G., Napione, L., Pavan, S. and 

Bussolino, F. 2009. A study of the interaction between fluorescein sodium salt and bovine serum 

albumin by steady-state fluorescence. Dyes and pigments, 80(3): 307-313. 

13. Schebesch, K. M., Brawanski, A., Hohenberger, C.LL.P. and Hohne, J. 2016. Fluorescein sodium-

guided surgery of malignant brain tumors: History, current concepts, and future project. Turk 

Neurosurg, 26(2): 185-194. 

14. Li, M., Liu, L., Shi, Y., Yang, Y., Zheng, H. and Long, Y. 2017. Dichlorofluorescein as a 

peroxidase mimic and its application to glucose detection. New Journal of Chemistry, 41(15): 

7578-7582. 

15. Al-Awadie, N.S.T. and Al-banaa, M.A.K. 2015. Determination of oxonium ion using laser diode 

fluorimeter:(blue purple (405 nm)-green (532nm) using photodiode at 90
0
 as a detector and I--IO3-

-H3O system for quenching of fluorescence. Iraqi Journal of Science, 56(3B): 2126-2148. 

16. Shakir, I.M. and Hassan, R.F. 2016. New approach for determination of ciprofloxacin by quenched 

fluorescence of analytically interested species using continuous flow injection laser diode 

fluorimeter analyser. Iraqi Journal of Science, 57(1C): 522-533. 

17. Sparano, B.A., Shahi, S.P. and Koide, K. 2004. Effect of binding and conformation on 

fluorescence quenching in new 2‘,7‘-dichlorofluorescein derivatives. Organic Letters, 6(12): 1947-

1949. 



Turkie 
 
and Munshid.                                  Iraqi Journal of Science, 2018, Vol. 59, No.1B, pp: 240-250 

  250  

18. Al-Awadie, N.S.T. and Al-banaa, M.A.K. 2016. Determination of iodide and iodate ions using 

quenching fluorescence system I--IO3--H3O
+
 via fluorescein sodium salt molecule. International 

journal of research in pharmacy and chemistry, 6(1): 15-31. 

19. Al-Gharabli, S., Engeßer, P., Gera, D., Klein, S. and Oppenländer, T. 2016. Engineering of a highly 

efficient Xe
2*

-excilamp (xenon excimer lamp, λmax=172 nm, η=40%) and qualitative comparison to 

a low-pressure mercury lamp (LP-Hg, λ=185/254 nm) for water purification. Chemosphere, 

144(Supplement C): 811-815. 

20. McIlvaine, T. 1921. A buffer solution for colorimetric comparison. J Biol Chem, 49: 183–186. 

 


