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ABSTRUCT 

Trace amount of Zinc has been determined by spectrophotometric 

method using 1,2-dihydroxy anthraquinone-3-sulphonic acid 

sodium salt (Alizarin Red S) as a spectrophotometric reagent. The 

ligand Alizarin Red S reacts in slightly acidic solution (pH 

4.00±0.02) with Zinc to give an orange-red chelate that has an 

absorption maximum at 502.2 nm. The reaction is instantaneous 

and absorbance remained constant for over 48 hrs. The average 

molar absorption co-efficient was found to be 2.1x102 Lmole-1cm-1. 

Linear calibration graphs were obtained for 0.30-100 μg mL-1

 

 of 

Zn. The stoichiometric composition of the chelate has been found 

1:2 (Zn:ARS). Large excess of cations, anions and some 

complexing agents have been studied. The method was 

successfully used in the determination of Zinc in several standard 

reference material, alloys & environmental water and made a 

comparison with those obtained by Atomic Absorption 

Spectrophotometer. 
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CHAPTER ONE:  INTRODUCTION 

 

1.1 BACKGROUND. 

The cho ice o f a ny anal ytical m ethods depends on the  

sensitivity, se lectivity, a ccuracy, availability of  

reagents, cost effectiveness o f instrume nts a nd the 

time re quired for ana lysis a s well  as safety and  

easiness of o peration.[1] Generally, expe nsive and 

time consum ing Mass Absorpt ion Spectro photometric 

(MAS), Atom ic Absorption S pectrophotometric (AAS) 

methods are us ing for the d etermination of  trace 

(ppm/ppb) amou nt of many  met al ions .[2,3] Recently 

scientists are interested to use cheap er met hod for  

the determination of trace (ppm/ppb) amount of metal 

ions.[4] In the  literatur e sur vey it has be en found 

that UV-Vis spectrophotometric method was used in few 

cases for t he determination of trace leve l (ppm/ppb) 

of metal io ns.[5,6]

 

  In som e c ases, it is the only 

suitable te chnique. It encompasses practically all 

the fiel ds of  c hemical science and is  so br oad that 

it can be  rated as a ver satile technique. The key to  

the wide succ ess of spectr ophotometry in  varied 

fields of chem ical analys is lies in its m anifold 

advantages; compared t o any  m odern t race a nd ultra 

trace analytical technique. 

Zinc in trace amounts is in dustrially important. 

Zinc is bec oming an e ver m ore widely  used  m etal in  

industry. Zinc metal is used in  protective c oatings 

for ir on, copper and  ste el. Zinc oxide is used i n 

storage bat teries, Zn-Cu alloys, semic onductors, 
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photography, li thography, pain ting and dyei ng etc. 

Zinc is an essential in h uman and anima l nutr ition. 

Zinc also is a very toxi c metal t o al l system s 

studies in m an and ani mal, and has b een r esponsible 

for a number o f death s. T he most se rious si tuation 

being the di sease call ed “ Zincurea” disease. 

According to Schwartz ter m “Concentr ation W indow” 

metals are (a) Essential at definite trace level, (b) 

Deficient than that level ca use metaboli c dis order, 

(c) Higher than that level termed “Toxic level”, and 

causes adverse effects.[7]

 

  

As Zn is both toxic and essential element, so it 

is neces sary to monit or an d contro l the  trace  

balanced lev el of  Zn by  che aper, e asier a nd rapi d 

analytical meth od like UV -Vis spectrosco py rather  

than AAS or MAS. 

 

Substances tho se do not ab sorb electro magnetic 

radiation in th e visible r ange are colorless. Hence, 

these substances are not deter minable, by uv-visible 

spectroscopic m ethods. Present analytic al methods 

(AAS, MAS) used  to measure the  trace level of  Zn is  

too exp ensive and tim e co nsuming. A s a  res ult, it  

can’t monitor the tr ace level of Zn a t v arious 

monitoring p oints. So  it i s n ecessary to develop an  

analytical proc edure/technique to measure th e trace  

level (ppm/ppb) of Zn with the help of  UV -Vis 

spectrophotometer. 
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1.2 PRESENT PROBLEMS: 

The analysis of colorless substances by visible 

spectroscopy is not a new, reacting the colorless analyte 

with a suitable reagent; a color product is prod uced and 

can be measured optically. As long as the product 

concentration is directly proportional to that of the  

analyte the measurement of the color intensity ultimately 

leads to the det ermination of the analyte. A met hod of 

calibration enables the estimation of the analyte.  

 

For the determination of Zinc only a few example  of such 

method is cited in the literature, but these met hods are 

limited by the c omplexities of the procedure such as low 

sensitivity, less selectivity  due to many interferences, 

temperature and pH dependent and unfavorable detection 

limit. 

 

1.3 AIM OF THE PROJECT: 

The results of this Dissertation are: 
 

(a) To establish an easy, low cost and rapid 

analytical procedure/technique to measure the 

trace (ppm/ppb)  amount of  Zn by UV -Vis 

spectrophotometer. 

 

(b) To establish the  optimize reacti on condition for  

the formation of  zinc -ligand com plex, which will  

give an identica l absorbance in  UV -Vis range a nd 

follows the Beer-Lambert laws. 
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Finally, the aim  of this study was to develop a  simple 

spectrophotometric method for the determination of Zinc 

with 1,2-dihydroxyanthra quinone-3-Sulphonic acid, sodium 

salt (alizarin red s). The  method was optimized 

individually and results of the measurements were checked 

by comparison with AAS method. Alizarin red S (ARS) has 

been reported as spectrophotometric reagent for arsenic 

(v) & cadmium[8] but has not prev iously been used for the 

determination of Zinc by rapid spectrophotometric method. 

The present thesis deals with successful a ttempt toward 

the establishment of new type of spectrophotometric 

reagent. In the very sensitive procedure  alizarin red S  

complexes with Zinc, is proposed here. 
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CHAPTER TWO:  

ANALYTICAL CHEMISTRY AND SPECTROSCOPY  

  

2.1.1 INTRODUCTION OF ANALYTICAL CHEMISTRY: 

Analytical chemistry is concerned wi th the chemical 

characterization of matter. Chemicals make up everything 

we use or con sume and knowledge of the c hemical 

composition of many substances is important in our daily 

life. To tell in alternative way, every thing is made of 

chemicals, analytical chemistry determine what and how 

much. Analytical chemistry plays an important role in 

nearly all aspects of chemistry, for example, 

agricultural, clinical, environmental, forensic, 

manufacturing, metallurgical, and p harmaceutical 

chemistry. The nitrogen content of a fertilizer 

determines its value. Foods must be analyzed for 

contamination (e.g., pesticide residues), vitamin,  or 

mineral content like Zinc. The air in cities must be 

analyzed for ca rbon monoxide. Blood gl ucose m ust be  

monitored in diabetics (and, in fact, most diseases are  

diagnosed by chemical analysis).

The discipline of analytical chemistry consists of 

qualitative an alysis and q uantitative an alysis. 

Qualitative tests may be perform ed by selective chemical 

reactions or w ith the use o f instrumentati on. The 

formation of a white precipitation occurred when adding a 

solution of silver nitrate to a dissolved sample indicate 

the presence of chloride ion. Ce rtain chemical r eactions 

will produce colors to indi cate the presence of classes 

of compounds for example, ketones. On the other  hand , 

[9] 
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Infrared spectra give  the “finger prints” of organic  

compounds or their functional groups.

For quantitative analysis the analysts have to perform a 

qualitative test pri or to performing the more difficult 

quantitative analysis.  There are three phases in th e 

analysis: a) Fast-screening phase (rap id class 

identification), b) The identif ication phase ( specific 

identification) & c) The possible quantification phase.  

To a prop er quantification a quantitative analysis 

involves several steps and procedures. The analytical 

process may be defined as th e following sequence of  

events:

 [10] 

 1) Def ining the prob lem, 2) Obtaining a 

representative sample,  3) Preparing the sample for 

analysis, 4) Performing necessary chemical separ ations, 

5) Performing the measurement, and  6)Calculating the 

results and presenting data.

There are a num ber of measureme nts or methods employed 

may be classified as figure-1,

[11] 

The method employed for the actu al quantitative 

measurement of t he analyte will  depend on a nu mber of 

factors like the amount of analy te present, the accuracy 

and the precisio n required the degrees of selec tivity, 

the sensitivity, the cost, and  the rapidity.

 [12] 

[13] The 

table-1 gives comparison of different analytical methods.
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Gravimetric Methods 
 

Titrimetric Methods 
 

Volumetric Methods 
 

Analytical Methods 

Classical Methods Instrumental Methods 
 

Electrical Methods Optical Methods Chromatographic Methods Special Methods 
 

Voltammetric Methods 

Coulometric Methods 
 
Potentiometric Methods 

Conductimetric Methods 

Paper Chromatography 
 
Thin-Layer Chromatography 
 
Liquid Chromatography 
 
High Performance  
Liquid Chromatography 
 
Gas Chromatography 

Emission Methods 

Emission Spectroscopy 

Flame Photometry 

Fluorimetry 

Visible Spectroscopy 

Ultraviolet Spectroscopy 

Infrared Spectroscopy 

Absorption Methods 

Atomic Absorption 
Spectroscopy 

Turbidimetric Methods 

Nephelometric Methods 

Optical Methods X-Ray Methods 
 

Radioactivity Methods Thermal Methods 

Kinetic Methods Mass Spectrophotometric Methods 

Refractometer 

Optical Rotation 
 

Thermogravimetry (TG)  

Differential Thermal Analysis (DTA) 
 

Differential Scanning Chlorometry (DSC) 

Fig- 1:  
Classification of the methods of analytical chemistry. [12] 
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Generally, expensive and t ime c onsuming Mass A bsorption 

Spectrophotometric me thods ( MAS), At omic Ab sorption 

Spectrophotometric me thods ( AAS) ar e u sing for t he 

determination of trace (ppm/ppb) amount of many metal ions 

[14, 1 5]. Recently s cientists ar e i nterested to  use th e 

cheaper m ethods for th e d etermination o f tr ace ( ppm/ppb) 

amount of metal ions, like uv-vis spectroscopy method.

 

 [16] 

In the literature survey it h as been found that UV-

Vis Spectro photometric method wa s used in few c ases for 

the determin ation of trace lev el (ppm/ppb) of  metal 

ions.[17,18] Zn has not yet b een determi ned by  UV -Vis 

Spectrophotometric method where as, it has determined by 

the Flame Atomic Absorption Spectrophotometer (FAAS).[19] 
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2.1.2 INTRODUCTION OF SPECTROPHOTOMETRIC METHOD.  

“MOLECULAR ABSORPTION SPECTROPHOTOMETRY IS THE BACKBONE 

OF MODERN ANALYTICAL TECHNIQUES FOR TRACE ANALYSIS”. This 

prediction was made by an eminen t scientist T.S.West in 

the field of analytical chemistry about spectrophotometry 

at its infancy  (1967). [20] Spectrophotometry is very  

widely used in clinical chemistry and environmental 

laboratories because ma ny su bstances ca n be selectively 

converted to a co lored de rivative. Sp ectrophotometry is 

extremely sensitive so that sometimes picogram (10-12g) per 

gram level can be determined. The instrumentation i s 

readily available and generally fairly easy to 

operate.

 

[21] 

Trace and Ultra trace: 

On the outset of this discussion few points are raised to 

expose the ambiguity associated with the term ‘trace’. An 

analytical chemist is frequently encountered with this 

term regardless the technique employed spectrophotometry, 

spectrofluorimetry, conventional atomic absorption, 

atomic emission, polarography, a ctivation analysis etc. 

For the academic and scientific interests some clear out 

distinction between the two ext remes is felt u rgently 

necessary. The term ‘Trace’ originally was used to mean 

very low concentration and defined as that amoun t upper 

limit of which was 100 ppm b e weight (i.e. 100 µg/gm). 

Though the lower limit was not fixed at that time 

(neither as yet), perhaps it was originally intended  

somewhere in the  order of micro gram/gm levels t hen the  

lowest possible levels that could be instrumentally 



11 

 

detected/estimated. The improvement of electronic s, the  

development of  sophisticated  instrumentati on and 

methodology in recent time  led the analytical chemistry 

to measure unbelievably small concentration of elements 

with incredible success of amazing accuracy. Even 

femtogram (10-15g) quantities of substances are being 

measured these days. Thus the term trace amount is pushed 

back from the range of (10-3 to 10-6g) to a range of (10-7g 

to 10 -15g). Ther efore, some aut hors are in favor of 

calling those ultra microgram quantities as ‘ultra trace’ 

to differentiate it from ‘trace ’. While others are in  

opinion to preserve the classical ‘trace’ now is reserved 

for ultra microgram  quantities. Because , there is and  

will be very demand and nec essary of conv entional 

technique, e.g. spectrophotometry, etc. in some sphere of 

scientific field dealing with micro-quantities, e.g. Geo-

science, metallurgy, for example, the term ‘trace’ will 

be continued in its classical sense. To fit the smallness 

of ultra micro  concentration ‘ ultra trace ’ seem s t o be 

more appropriate. It will no t only do jus tice to 

conventional analytical chemists but also help  to remove 

the ambiguity prevailing now. Some authors also use nano-

trace, pico -trace and micro -trace to pinpoint the 

smallness of the material used.

 

 [22] 

Spectrophotometry as a Trace Analytical Technique: 

The inorganic analytical chemists dealing with chemical 

spectrophotometry for trace meas urement from so lutions 

belong to twin schools of spectrophotometric analysis:  

(1) Molecular absorption Spectrophotometry, & 

(2) Molecular fluorescence spectrophotometry. 
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Molecular absorption spectrophotometry is more s ensitive 

technique in in organic trace a nalysis. [23-35] Molecular 

fluorescence spectrophotometry, on the othe r hand, 

experimentally similar and akin to mo lecular absorption 

spectrophotometry, fortunately is free f rom all 

limitations of absorptiometry.

 

 [36-39] 

2.1.3 QUANTITATIVE APPLICATION OF UV-VISIBLE ABSORPTION: 

BEER LAW: The amount of monochro matic radiation absorbed 

by sample is described by the Beer -Bouguer-Lambert Law, 

commonly called Beer’s Law. Cons ider the absorpt ion of 

monochromatic radiation of radiant power P 0

 

 which passes 

through a solution of an absorbing species a t 

concentration c and path leng th b, and the emergent 

(transmitted) radiation has radiant power P. This radiant 

power is the quantity measured by spectrometric 

detectors. Bouguer in 1729 and Lambert in 1960 recognized 

that when electromagnetic radiation is absorbed, the 

power of the tra nsmitted energy decreases in exp onential 

manner as, 

Tkb
P

P

kbPP

=−=

−=

10
0

10
0

⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ (1) 

Where K is a constant and T is  called the transm ittance, 

the fraction of radiant energy transmitted. Logarithmic 

form of the equation is 

 
kb

P

P
T −==

0

loglog
⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅  (2) 
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In 1852, Beer and Bernard, each stated that a similar law 

holds for the dependence of T on the concentration, ‘c’ 

 

ck

P

P
T

'

10
0

−==
⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ (3) 

or, 
ck

P

P
T '

0

loglog −==
⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅  (4) 

Where k′

 

 is a ne w constant. Combini ng these two laws is 

obtained which is known as Beer’s law. It described the 

dependence of T on the path leng th and the c oncentration 

of the absorbing species as, 

abc

P

P
T −== 10

0 ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ (5) 

Where ‘a’ is a combined constant of k  and k ′

 

. The 

logarithmic form of (5) is 

abc
P

P
T −==

0

loglog
⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ (6) 

It is more conve nient to omit th e negative sign on the 

right hand side of the equation and to define a new term, 

absorbance: 

 
abc

P

P

T
TA ===−= 0log

1
loglog

⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ (7) 

Where, A i s t he abs orbance. This is  th e c ommon for m o f 

Beer’s l aw. It  is t he absorbance th at is dire ctly 

proportional to the con centration. The pa th l ength ‘b’ in  

Equation (7) is expressed in centimeters; the concentration 

‘c’ is in gra m per liter. The constant ‘a’ is the n called 

the ab sorptivity or exti nction coefficient. Wh en ‘c’ is  

expressed in mo les/liter; ‘b’ in cm, the co nstant ‘a’ is  

replaced by ε and the Beer’s law is written as 
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 A = εbc ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ (8) 

This ne w qu antity ε is kno wn as Mola r Ab sorptivity. 

Since A  is un it less, ε has th e unit of liter mol-1 

cm-1. Mola r absorptivity a nd absorpt ivity are 

dependent on the nature of the absorbing material and 

the wavelen gth of measureme nt. Beer’s la w holds 

strictly for monochromatic radiation, si nce the 

absorptivity varies with wavelength.

 

 [40] 

2.1.4 APPLICABILITY OF BEER’S LAW:  

Beer’s law is th e basis of all q uantitative applications 

of spectroscopy. Generally a me thod of calibration of 

standardization is used for determining the concentration 

of the analyte. 

Beer’s law will generally hold over a wide r ange o f 

concentration if the structure of the colored ion or of 

the colored non electrolyte in the dissolved state does  

not change with concentration. Small a mounts of 

electrolytes, which chemically un -reactive w ith the 

colored components, do not usu ally affect the  light 

absorption; large amounts of ele ctrolytes may re sults in 

a shift of the maximum absorption, and may also  change  

the value of the  absorptivity. D iscrepancies are usually 

found when the colored solute ionizes, dissociates or 

associates in solution, since the nature of the species 

in solution will very with the concentration. The law  

does not hold w hen the colored  solute forms c omplexes, 

the composition of which depends  upon the concen tration. 

Beer’s law holds strictly for the monochromatic 

radiation. But no instrument can attain such resolution 

of wavelength. In practice a nar row band is used . With  
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the broadening of band width, th e system tends t o sho w 

increasing deviation from Beer’s law. The behavior of a 

substance can, however, always be tested by plotting 

absorbance-versus-concentration; a straight line  passing 

through the origin indicates conformity to the law. 

 

2.1.5 ABSORPTION INSTRUMENT: 

The quality and cost of uv-vis absorption instruments may 

differ tremendously from one an other. But their basic 

components are remarkably s imilar. The r equired 

properties of these components are the same regardless of 

the spectral regions for which they are designed.

A Spectroscopic instrument contains  five basic components are 

shown if figure-2.  

 [41] 

1) A stable source of radiant energy; 

2) A wavelength selector that permits isolation of a  

restricted wavelength  regions; 

3) A transparent container for holding the sample ;  

4) A radiant detec tor or transduc er that convert s 

radiant energy to a useable signal (usually 

electrical); and  

5) A signal processor and readout. 

 

 

Fig.– 2: The block diagram of uv-vis absorption instrument.. 
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2.2.1 THE USE OF ZINC. 

The name “ Zinc” Originated from the German word “ZINK”. 

Alchemists burned zinc in air t o form what they  called  

“lana philosophica”, "philosopher's wool " or  "white 

snow".[42] Zinc is a bl ue-gray, metallic element, at room 

temperature it is brittle . It is the 24th most abundant 

element.

Modern l ife i s inconceivable w ithout zi nc. Zinc i s an  

[43] 

essential mi neral of "exceptional b iologic an d pub lic 

health i mportance".[44] Zinc d eficiency affects ab out tw o 

billion p eople in t he d eveloping wo rld and i s associated 

with m any di seases. In c hildren it c auses gro wth 

retardation, d elayed se xual mat uration, inf ection 

susceptibility, and diarrhea, contributing to the death of 

about 800,000 children worldwide per year.[44] Zinc has many 

other uses like: 

1) The most important use is for alloying with copper in 

making brass or composition.

2) When 

[45] 

zinc is e xposed to air or water, a  du rable an d 

impermeable coating of zi nc carbonate is f ormed on the 

surface of t he meta l. T his makes it u seful for  

galvanizing iron to protect against rusting. Zinc sheets 

may be used for sheathing or roofing.

3) In automotive e quipment and ho usehold appliances,  

fittings, tools, toys.

[46] 

4) A zinc disc attached to a ship's iron rudder will 

slowly corrode while the rudder stays unattached.

[47] 

[48] 

5) Zinc is t he m ost el ectro-positive o f th e co mmon 

metals. Th is makes it particularly us eful a s a 

http://en.wikipedia.org/wiki/Alchemy�
http://en.wikipedia.org/wiki/Micronutrient�
http://en.wikipedia.org/wiki/Zinc_deficiency�
http://chestofbooks.com/crafts/mechanics/Mechanical-Processes/15-Copper-Its-Uses.html�
http://chestofbooks.com/crafts/mechanics/Mechanical-Processes/250-Iron-Brass-And-Steel-Foundries.html�
http://chestofbooks.com/crafts/mechanics/Mechanical-Processes/66-Zinc.html�
http://chestofbooks.com/crafts/mechanics/Mechanical-Processes/180-Galvanizing.html�
http://chestofbooks.com/crafts/mechanics/Mechanical-Processes/Chapter-IV-Iron-And-Steel-I-Iron-Ores-and-Their-Reduction.html�
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protection aga inst galvanic corr osion in stea m 

boilers, a nd o n the hulls of steel s hips. Copper, 

brass an d bronze may a lso be pr otected by i ts use. 

However, w hen th e zi nc becomes m uch corroded and its  

metallic su rface is no longer expo sed, th e zinc 

compound re sulting fr om t he c orrosion a cts electro-

negative t o th e pro tected metal and this m etal is 

itself d estroyed. Th e pro tection of ir on by 

galvanizing is due not only to a coating of zinc but 

also to the fact that when a part of the zinc coating 

is broken and the iron is exposed, dampness sets up an 

electric cur rent which c onsumes the zin c ins tead of 

the iron. Wh en exposed t o a ir and water, i ron and  

steel rus t. A coating o f zin c provi des t hreefold 

protection. First, zinc provides a tough and adherent 

coating which seals the underlying metal from contact 

with its corrosive environment. Second, zinc corrodes 

more s lowly t han iron . Th ird, if the c oating is 

damaged and the steel exposed (accidentally or through 

cutting, drilling, etc.), adjoining zinc protects the 

exposed s teel ( this remarkable pro perty is  c alled 

“sacrificial pr otection”). L ife of  th e c oating is  

further extended because zinc corrosion products tend 

to seal off damaged areas. 

“No substitute f or galvanizing e xists for protec ting 

large tonn age iron and  steel products  from  

corrosion.” * 

* (U.S. Congress, Office of Technology Assessment)  

6) Powdered zinc uses in alkaline batteries and sheets of 

zinc metal form the cases for and act as anodes in zinc–

http://chestofbooks.com/crafts/mechanics/Mechanical-Processes/13-The-Bronzes.html�
http://en.wikipedia.org/wiki/Alkaline_battery�
http://en.wikipedia.org/wiki/Zinc-carbon_battery�
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carbon batteries. Zinc uses as the anode or fuel of the 

zinc-air battery/fuel cell. [

7) Oxide and sulphide of zinc ar e used to make  a  

superior grade of white paint.

49-53] 

8) The 

[54] 

semiconductor properties of  zinc oxide m ake it  

useful in varistors and photocopying products.[55] 

9) Zinc sulfide  (ZnS) is used in luminescent pigments 

such as on the h ands of clocks, X-ray and television 

screens, and luminous paints.[56] 

10) In building and construction.

11) Zinc oxide is widely used as  a white pigme nt in 

paints, and as  a 

[57] 

catalyst in the manufactur e of  

rubber.

12) In pharmaceuticals, medical equi pment and cosmetics. 

[58] 

13) 

[59-60] 

Zinc chloride  is often added t o lumber as a fire 

retardant [61] and can be  used as a  wood 

preservative.[62] 

14) In fertilizers and animal feed.

15) Micronutrient for humans, animals and plants.

[63] 

Many zinc co mpounds have co mmercial ap plications. So me 

examples include zinc acetate [Zn(C

[64] 

2H3O2)], used as a wood 

preservative, a  dye f or t extiles, a n additive for a nimal 

feeds, a nd g lazing f or ceramics; zin c ch loride (ZnCl2), 

used a s a s older, fo r f ireproofing m aterials, a s a fo od 

preservative, as an additive in antiseptics and deodorants, 

as a dental cement, in petroleum refining, and in embalming 

and ta xidermy p roducts; zi nc hydrosulfite (Z nS2O4), a s a 

bleaching a gent for t extiles, straw, vegetable o ils a nd 

http://en.wikipedia.org/wiki/Zinc-air_battery�
http://en.wikipedia.org/wiki/Semiconductor�
http://en.wikipedia.org/wiki/Varistor�
http://en.wikipedia.org/wiki/Zinc_sulfide�
http://en.wikipedia.org/wiki/Luminescence�
http://en.wikipedia.org/wiki/X-ray�
http://en.wikipedia.org/wiki/Luminous_paint�
http://en.wikipedia.org/wiki/Catalyst�
http://en.wikipedia.org/wiki/Zinc_chloride�
http://en.wikipedia.org/wiki/Fire_retardant�
http://en.wikipedia.org/wiki/Fire_retardant�
http://en.wikipedia.org/wiki/Fire_retardant�
http://en.wikipedia.org/wiki/Preservative�
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other pr oducts and a s a b rightening ag ent f or paper and 

beet and cane sugar juice; zinc oxide (ZnO), used in rubber 

production, as a whi te pigment i n pa int, to p revent th e 

growth of mold on paints, and in the manufacture of glass, 

ceramics, t iles, an d plastics, a nd zi nc sulfate (ZnSO4

 

), 

used in the manufacture of rayon, as a supplement in animal 

feeds, and in the dyeing of textiles. 

Zinc i s als o an  essen tial element tha t is ind ispensable 

for human health and  fo r a ll living or ganisms. Zinc is  

included in most single tablet over -the-counter daily 

vitamin and mineral supplements.[65] It is believed to 

possess antioxidant properties, which protect  against 

premature aging of the skin and muscles of the body, 

although studies differ as to it s effectiveness.[66] Zinc 

also helps speed up the hea ling process a fter an  

injury.[66] Zinc gluconate  is o ne compound used for the  

delivery of zinc as a dietary supplement. [67] 

 

The Age-Related Eye Disease Stud y determined tha t zinc 

can be part of an effective treatment for age-related 

macular degeneration.[68]  

 

Zinc lactate is used in toothpaste to prevent  

halitosis.[69] Zinc py rithione is widely appl ied in  

shampoos because  of its anti -dandruff function. [70] Zinc 

ions are effect ive antimicrobial agents  even at low 

concentrations.[71]  

 

The life of zinc -containing products is variable  and can 

range from 10-15 years for cars or household appliances, 

to over 100 years for zinc sheet used for roofing. Street 

http://en.wikipedia.org/wiki/Dietary_mineral�
http://en.wikipedia.org/wiki/Zinc#cite_note-DiSilvestro2004-124#cite_note-DiSilvestro2004-124�
http://en.wikipedia.org/wiki/Antioxidant�
http://en.wikipedia.org/wiki/Zinc#cite_note-Milbury2008-125#cite_note-Milbury2008-125�
http://en.wikipedia.org/wiki/Zinc#cite_note-Milbury2008-125#cite_note-Milbury2008-125�
http://en.wikipedia.org/wiki/Zinc_gluconate�
http://en.wikipedia.org/wiki/Dietary_supplement�
http://en.wikipedia.org/wiki/Zinc#cite_note-DiSilvestro2004-124#cite_note-DiSilvestro2004-124�
http://en.wikipedia.org/wiki/Age-Related_Eye_Disease_Study�
http://en.wikipedia.org/wiki/Age-related_macular_degeneration�
http://en.wikipedia.org/wiki/Age-related_macular_degeneration�
http://en.wikipedia.org/wiki/Zinc#cite_note-127#cite_note-127�
http://en.wikipedia.org/wiki/Halitosis�
http://en.wikipedia.org/wiki/Zinc#cite_note-128#cite_note-128�
http://en.wikipedia.org/wiki/Zinc_pyrithione�
http://en.wikipedia.org/wiki/Zinc#cite_note-129#cite_note-129�
http://en.wikipedia.org/wiki/Antimicrobial_agent�
http://en.wikipedia.org/wiki/Zinc#cite_note-130#cite_note-130�
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lighting columns made of zinc -coated steel can r emain in 

service for 40 years or much l onger, and transmission 

towers for over 70 years. For ex ample, zinc coated steel 

poles plac ed in  the Australian  outback a hund red years  

ago are still in excellent condition.

 

 [72] 

The relative reactivity of zinc and its ability to attract 

oxidation to itself also makes it a good sacrificial anode 

in cathodic p rotection. C athodically p rotecting (CP ) 

buried pi pelines re quires a  so lid piece of zi nc t o b e 

connected by a c onductor to a st eel pipe.[73] Zinc acts as  

the anode (negative terminus) by slowly corroding away as 

it passes electric current to the steel p ipeline.[73] Zinc 

is a lso u sed to  cat hodically p rotect metals t hat are 

exposed t o s ea wat er fr om corrosion.[74] A z inc dis c 

attached to a ship's iron rudder will slowly corrode while 

the rudder stays unattacked.[75] 

 

Zinc has been pr oposed as a salting material for nuclear 

weapons[76].Zinc dithiocarbamate complexes are u sed as 

agricultural fungicides; these include Zineb, Metiram,  

Propineb and Ziram. [77] Zinc nap hthenate is used a s wood  

preservative.[78] Brass (a zinc-copper alloy) is 

bacteriostatic and thus helps to  diminish the sp read of 

bacteria.

 

[79] 

The second large st use of zinc  is as an al loy and the  

remaining zinc consumption is for making paint, 

chemicals, agricultural applications, in the  rubber 

industry, in TV screens, fluorescent lights and for dry 

cell batteries. 

 

[80] 

http://en.wikipedia.org/wiki/Sacrificial_anode�
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http://en.wikipedia.org/wiki/Nuclear_weapon�
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Zinc (Zn) is an essential element for all life, from man 

to the sm allest micro -organism. Zinc deficiency  affects 

about two billion people in the developing world and is 

associated with many diseases.[81] 

 

A co mprehensive review ( Walsh e t al. 1995) o f cu rrent 

knowledge about zinc and human health concluded that there 

is a potential for zinc deficiency on a worldwide scale.

 

 [81] 

Adequate d aily i ntake of z inc i s vi tal fo r th e pro per 

functioning of t he immune system, digestion, reproduction, 

taste an d sm ell and m any ot her nat ural p rocesses. Zi nc 

deficiency is no w recognized as o ne of th e most important 

risks to human health and is one of th e leading causes of 

illness and disease in low-income countries.

 

[82] 

In children it’s defecence causes growth retardation, 

delayed sexual m aturation, infection susceptibility, and 

diarrhea, contributing to the death of about 800,000  

children worldwide per year.  Enzymes with a zinc  atom i n 

the reactive center are widespread in biochemist ry, such 

as alcohol dehydrogenase in humans. Consumption of excess 

zinc can cause ataxia, lethargy and copper deficiency.

 

 [82] 

There is no life without zinc. Zinc is found in all parts 

of our body; it is in our organs , tissues, bones, fluids 

and cells. As zinc i s used to generate body ce lls; is 

especially important during pregnancy ; for the growing 

fetus whose cells are rapidly di viding. Zinc is vital in 

activating growth (height, weight and bone development) 

in infants, ch ildren and tee nagers. Among all the 

http://en.wikipedia.org/wiki/Zinc_deficiency�
http://en.wikipedia.org/wiki/Zinc#cite_note-Prasad2003-1�
http://en.wikipedia.org/wiki/Zinc#cite_note-Hambridge2007-0�
http://en.wikipedia.org/wiki/Enzymes�
http://en.wikipedia.org/wiki/Prosthetic_groups�
http://en.wikipedia.org/wiki/Alcohol_dehydrogenase�
http://en.wikipedia.org/wiki/Ataxia�
http://en.wikipedia.org/wiki/Lethargy�
http://en.wikipedia.org/wiki/Copper_deficiency�
http://en.wikipedia.org/wiki/Zinc#cite_note-Hambridge2007-0�
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vitamins and minerals, zinc shows the strongest effect on 

our all-important immune system.

 

[83] 

Zincurea (elevated serum zinc) accompanies albuminuria and 

post alcoholic cirrhosis. Hypozincemia (lowered Zinc Level) 

accompanies hepatitis, cardiac infarction, pregnancy, oral 

contraception, and stagnant skeletal growth.[84]

 

  

Zinc contained mainly in bones, teeth, hair, skin, liver, 

muscle, leukocytes, and testes.  Zinc is a comp onent of 

several hundred, leukocytes, and testes. Zinc is a  

component of several hundre d enzymes, including many 

nicotinamide adenine dinucleotide (NADH) dehydro genases, 

RNA and DNA polymerases, and DNA transcription factors as 

well as alkaline phosphatase, superoxide dismutase, and 

carbonic anhydrase.

 

[85] 

Zinc plays a vital role in fertili ty. In males, zinc 

protects the prostate gland from infection (prostates) 

and ultimately f rom enlargement (prostatic hypertrophy). 

Zinc helps maintain sperm count,  mobility and norma l 

levels of serum testosterone. In females, zinc c an help 

treat menstrual problems and  alleviate sy mptoms 

associated with premenstrual syndrome (PMS).

 

[86] 

Among all the vitamins an d mi nerals, z inc sh ows th e 

strongest effect on our all-important immune system. Zinc 

plays a unique role in the T-cells. Low zinc levels lead 

to re duced a nd weakened T -cells that  are not able to  

recognize and fight off certain infections. An increase of 

the zinc level has proven effective in fighting pneumonia 
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and di arrhea a nd other in fections. Zin c can al so reduc e 

the duration and severity of a common cold.

 

[87] 

Zinc activates areas of the b rain that recei ve and  

process information from taste a nd smell sensors . Levels 

of zinc in plasma and zinc’s effect on other nutrients, 

like copper and manganese, influence appetite and taste 

preference. Zinc is also  used in the treatm ent of 

anorexia.

 

[87] 

Zinc accelerates the renewal of the skin cells. Zinc creams 

are used for babies to soothe diaper rash and to heal cuts 

and wo unds. Zi nc has a lso pr oven ef fective in treating 

acne, a pr oblem that a ffects especially a dolescents. Z inc 

is important for healthy hair. Insufficient zinc levels may 

result in loss of hair, hair that looks thin and dull and 

that goes grey early. There are also a nu mber of shampoos 

which contain zinc to help prevent dandruff.

 

[87] 

High concentrations of zinc are found in the retina. With 

age the retinal zinc decline that seems to play a role in 

the development of age -related macular dege neration 

(AMD), which leads to partial or complete loss of vision. 

Zinc may also p rotect from nigh t blindness and prevent  

the development of cataracts.

 

[87] 

Zinc is an es sential trace element , necess ary for 

plants,[88] animals,[89] and microorganisms.[90] Human 

contains about 2g of Zn. This  is the second  largest  

amount of a tran sition metal aft er Fe, 4g . [91] There are 

more than 200  enzymes cont aining Zn, fo r the  

stabilization of DNA and the expression of genes, and for 

http://en.wikipedia.org/wiki/Trace_element�
http://en.wikipedia.org/wiki/Microorganism�
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the transfer of nervous signals. [92] Most zinc is  in the 

brain, muscle, bones, kidney, and liver, with the highest 

concentrations in the prostate a nd parts of the  eye. [93] 

Semen is particularly rich in zinc, which is a key factor 

in prostate gland  function and reproductive organ  

growth.[94] Some of the best known roles are as follows: 

 

Carbonic anhydrase, which is present in red blood cells, is 

involved in respiration. Carboxypeptidase, which is present 

in th e pa ncreatic juice, is in volved in th e di gestion of  

proteins by animals. Alkaline phosphatase (energy release). 

Dehydrogenases a nd al dolases (s ugar m etabolism). Alcohol 

dehydrogenase (metabolism of alcohol). Zinc is a lymphocyte 

mitogen (c auses e xpansion o f i mmune ce lls). Zinc R egulate 

Immune f unctions. Zinc De ficiency ca use a bnormal 

development o f im mune organs. Zinc D eficiency 

susceptibility to infections   increases.

 

[95] 

In t he y ears s ince th e or iginal dis covery o f h ow z inc 

influences t he i mmune system, many gr oups have st udied 

zinc[96] and other l inks b etween nu trition and immunity. 

Indeed t here is gro wing evidence t hat n utrients h ave 

actually evolved as c o-factors in d evelopment an d 

maintenance of immune response.[97] Zinc has a unique role in 

thymus dependent “T” cell mediated immune response.

 

[98] 

Zn is one of the elemental contents in human body. 

Element Serum (ppm) Urine Tissues (ppm) 

Zn 1⋅2 0⋅3-0⋅6 mg/day 12-100 

Source:
G.D. Christian, Analytical Chemistry, 4

  

th Edn. John Wiley and Sons, 
New Yourk, 1986, P, 531. 

http://en.wikipedia.org/wiki/Prostate_gland�
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2.2.2 ESSENTIAL ELEMENTS WITH POTENTIAL FOR TOXICITY: 

Eight metals gen erally accep ted as essential are cobalt, 

copper, cadmium, chromium, nickel, lead, zinc and mo lybdenum. 

Each of  thes e eig ht esse ntial elem ents ha s thr ee le vels of  

biologic ac tivity, trace  lev els required for optimum growt h 

and development, homeostatic levels (storage levels) and toxic 

levels.

These es sential metals a re bei ng investi gated for their 

toxicity in excessive amount. The complete dose-response curve 

for essential metals shows a general complex activity spectrum 

comparable to that of Fig.3. 

 [99] 

 

 

 

 

 

 

 

[Source: ‘‘ Metal Toxicity in Mammals, 1’’; T. D.  Luckey and B.  
Venugopal (Eds.) Plenum press, New York, 1977, p. 7] 
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Fig:-3 Activity spectrum of an essential metal. 
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2.2.3 TOXICITY OF ZINC: 

Zinc is an essential mineral, but too much is not 

beneficial. Excessive absorption  of zinc su ppresses 

copper and iron  absorption. [100] The free zinc  ion in 

solution i s high ly toxic to pla nts, invertebrates, and  

even vertebrate fish. [101] The free ion activity model is 

well-established in the literatur e, and shows th at just 

micromolar amounts of the free ion  kills some organ isms. A 

recent example showed 6 micromole killed 93% of all Daphnia in 

water.[102] Symptoms of zinc  toxicity i nclude 

nausea/vomiting, fever, cough , diarrhea, f atigue, 

neuropathy and dehydration.

The U.S. 

[99] 

Food a nd Drug Administ ration (FDA) has  stated  

that zinc damages nerve receptors in the nose, w hich can 

cause anosmia.

Some other examples are: 

[103] 

 

1.) Early toxic effects of heavy met als (HMs) Zn, Co , and Cd 

in concentration from 0.01 to 1 00 mM on photos ynthetic 

activity of the  green alga Chl orella pyrenoidosa Chick   

S-39 were studied. The early effect of HMs was manifested 

as a rapid (0.5 -2 h) reduction of photoinduced oxygen  

release by the algal cells. The suppressed relative yield 

of variable chlorophyll fluorescence ratio (Fv/Fm) by the 

metals as well  as its dynam ics in C. pyr enoidosa 

demonstrated rapid inactivation of photosystem II (PS 

II). Analysis of the inducti on curve of delayed 

chlorophyll fluorescence in Chl orella cells su ggested 

that the early toxic effects of the tested concentrations 

of Zn, Co, an d Cd included  both reduced  electron  

transport in PS II and decreased  photosynthetic membrane 

http://en.wikipedia.org/wiki/Zinc#cite_note-Fosmire1990-156�
http://en.wikipedia.org/wiki/Zinc#cite_note-168�
http://en.wikipedia.org/wiki/Mole_(unit)�
http://en.wikipedia.org/wiki/Daphnia�
http://en.wikipedia.org/wiki/Zinc#cite_note-169�
http://en.wikipedia.org/wiki/Food_and_Drug_Administration�
http://en.wikipedia.org/wiki/Anosmia�


27 

 

energization. Hence, the early toxic effect of  Zn, Co, 

and Cd was prima rily related to the decreased efficiency 

of the light re actions of photo synthesis which further 

reduced the alga productivity later.

 

[104] 

2). Zinc toxicity f rom a normal di et is highly un likely. 

Isolated outbreaks of acute zinc toxicity have occurred 

as a result of  the consumption of food or b everages 

contaminated with zinc relea sed from galv anized 

containers. Signs of acute zinc  toxicity are a bdominal 

pain, diarrhea, nausea, and vo miting. Single doses of 

225mg to 450mg of zinc usually  induce vomiting . Milder  

gastrointestinal distress has been reported at doses of 

50mg to 150mg/day of supplemental zinc. Metal fu me fever 

has been report ed after the in halation of zin c oxide  

fumes. Profuse swea ting, weakness, and rapid breathing 

may develop within 8 hours of zinc oxide inhalation and 

persist 12-24 hours after exposure is terminated.

 

[105] 

3.) Zinc deficiency decreased cellular immune response. Zinc 

supplementation reverses this response . High 

concentration of zinc intake is reported to alter immune 

response. The higher concentration of zinc affects 

expression of IL -2, IL -2Rα, and TNF-α, and NF-κB 

activation in HUT -78 (Th 0) cells. The results show that 

HUT-78 cells incubated in 15, 50 , and 100 μM zinc medium 

had significantly higher intracellular zinc contents and 

faster growth after 4 days of incubation, compared to the 

cells incubated in 1  μM zinc medium. After PMA/PHA 

stimulation, 1  μM zinc showed significant decreases in 

NF-κB activation, and in the levels of IL -2, IL-2Rα and 

TNF-α production and mRNAs compared to 15 μM zinc. The 
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cells incubated in higher concentrations of zinc (50 and 

100 μM zinc) showed mild to moderate decreases in the 

levels of IL -2, IL-2Rα, and TNF-α production and mRNAs, 

and in NF -κB activation compared to those incubated in 

15 μM zinc medium. These data indicate that not only low 

level of zinc, b ut also high lev els of zinc decr ease Th1 

function.
 

[106] 

4.) Toxicity of zinc is extremely ra re. Taking of elemental 

zinc ranging  from 100 mg to 15 0mg/day interferes with  

copper metabolism and causes low blood copper levels, RBC 

microcytosis, n eutropenia, and  impaired imm unity. 

Ingesting large amounts (200 to 800 mg/day), usually by  

consuming acidic food or drink f rom a galvanized (z inc-

coated) container, can cause vomiting and diarrhea. Metal 

fume fever, also called brass -founders' ague or zin c 

shakes, is caus ed by inhaling  industrial zin c oxide  

fumes; it result s in neurologic damage. Symptoms resolve 

after 12 to 24 h in a zinc-free environment.
 

[107] 

5). Zinc toxic ity can occur in both a cute and chroni c forms. 

Acute adver se effects of  high  zin c intak e incl ude nausea, 

vomiting, loss of  appetite, abdominal cramps, diarrhea, and 

headaches [108]. One  cas e rep ort cited seve re nau sea and 

vomiting wit hin 30 minute s of ingesting 4  g of zinc  

gluconate (57 0 m g elem ental zinc ) [109]. Reduct ions in  a 

copper-containing enzyme, a marker of copper st atus, have  

been repor ted with  even moder ately high zinc intakes of  

approximately 60 mg/day for up  to 10 week s. Due to the 

finding of zinc i nduced copper deficiency, some researchers 

are examining the benefits of zinc on Wilson’s disease [108].  
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6) Drug interactions: 

Captopril, ch lorthalidone, de feroximine, lo op di uretics, 

thiazides increase urinary zinc excretion. Amiloride, ACE 

inhibitors, spi ronolactone dec rease urinary  zince  

excretion. Chlorthalidone increases serum zinc levels. 

Penicillamine decreases serum zinc levels.  Use with 

tetracyclines a nd fluoroquinol ones decreases  both  

antibiotic and zinc absorption.  Caffeine, bran, calcium, 

iron, protein and phosph orus decrease zinc 

absorption.

Zinc supplements have the potential to interact with several 

types of medications. A few examples are provided below.  

[109] 

Both quinolone antibiotics (such as Cipro®) and 

tetracycline antibiotics (such as Achromyci n® and 

Sumycin®) interact with zinc in the gastrointestinal 

tract, inhibiting the absorption of both zinc a nd the  

antibiotic.[109,110] Zinc c an reduce the absorption and 

action of penicillamine, a drug used to treat rh eumatoid 

arthritis. [111] Thiazide diuretics such as chlorthalidone 

(Hygroton®) and  hydrochlorothi azide (Esidrix®  and  

HydroDIURIL®) increase urinary z inc excretion by  as much 

as 60%.[112]

 

  

“Zinc is an ess ential element in the environment. The  

possibility exists for both a d eficiency and ex cess of 

this metal. Fo r this reason  it is import ant that  

regulatory criter ia for zinc, while protecting against 

toxicity, are not set so low as to drive zinc levels into 

the deficiency area.” 
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CHAPTER THREE:   LITERATURE REVIEW 

  

The Properties of Zinc:  
Discovery :   16th

Position in Modern Periodic Table :   12 

 century. 

Position in Old Periodic Table :   II B 

Atomic Number : 30 

Electronic Configuration : [Ar] 3d10 4s

Relative Atomic Mass : 65.39 

2 

Oxidation states chiefly : + 2 

Melting Point : 692.70 K, 419.53 °C 

Boiling Point : 11800 K, 907 °C 

Density : 7.14 g·cm−3 

 

  

3.1.1. AVAILABLE METHODS FOR QUANTITATIVE DETERMINATION OF ZINC: 

There are a several methods for the quantitative 

determination of Zinc. Some of the established methods of 

quantitative determination of Zinc are as follows: 

 

A. The complexometric determination of zinc in the presence of large 

quantities of magnesium. 

Zinc is converted into the complex cyanide and the resultant 

solution is passed through a column of cation-exchange resin 

(Amberlite IR -120) when th e bulk of  th e magnesium is  

separated o ff and the  zin c i s c ollected unchanged as t he 

complex cyanide. Zinc ions are liberated from the complex by 

means of f ormaldehyde a nd a re su bsequently ti trated at p H 

6.8 wit h dis odium dihydr ogen eth ylenediamine te tra-acetate 

solution (Complcxone III).[113] 

http://en.wikipedia.org/wiki/Celsius�
http://en.wikipedia.org/wiki/Celsius�
http://en.wikipedia.org/wiki/Kilogram_per_cubic_metre�
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B. Determination of zinc and copper with Morpholine. 

In morpholine ha s been found an  organic base w hich is 

useful as an ana lytical reagent, and may serve for the  

purpose of quantitative determination of zinc and copper. 

In both cases, the analytical procedure is of a very 

simple nature, and yields good results. Morpholine may be 

useful for the  separation of  amphoteric io ns of 

electropositive character from t hose of electron egative 

character.

 

[114] 

C. High sensitive determination of zinc with novel water-soluble small 

molecular fluorescent sensor.  

A high sensitive method of quant itative analysis for the 

determination of zinc in the  nu trition supplements has  

been developed by using a novel water-soluble fluorescent 

sensor HQ3: (8 -pyridylmethyloxy-2-methyl-quinoline). 

Under the optimi zed condition of  67 mM phosphate buffer, 

pH 7.4, and 5% ( v/v) DMSO, the z inc concentration showed 

good linear relationship with fluorescence intensity in 

the range of 7.5 × 10−8 to 2.5 × 10−5 M with the detection 

limit of 1.5  × 10−8 M. HQ3 exhibited high selectivity to  

zinc comparing with other metal ions except for cadmium. 

The developed analytical method was successfully used for 

determining the content of zinc in a real sample  of zinc 

gluconate solution of Sanchine.

 

[115] 

D. Determination of Zinc as 8-hydroxyquinaldinate: 

Zinc may be precipitated by 8 -hydroxyquinaldine (2 -

methyloxine) in acetic acid-acetate solution: it can thus 

be separated fr om aluminium an d magnesium. It  can be  

weighted as Zn(C10H8ON)2 after drying at 130-1400C.[116] 
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E. An improved dithizone method for the determination of small 

quantities of zinc in blood and tissue samples. 

The study of zin c metabolism in experimental animals and 

humans is depend ent upon a reli able analytical method. 

Numerous method s, gravimetric,  turbidimetric,  and  

colorimetric (*1), have been tr ied and found wanting. 

Fischer (*2) first introduced  diphenylthioca rbazone 

(dithizone) for the analysis of metals with relation to  

industrial processes. This organ ic dye combines  with a  

number of the heavy metals (Sandell (*3)). The combination 

is selective for any one metal, depending upon the pH of 

the solution containing the metals, and the pres ence of 

salts that form complexes with other metals in s olution. 

It was not unti l 1937 that J.F ischer and Leopo ldi (*4)

Holland and Ritchie 

 

adapted the dithizone method to the analysis of Inorganic 

Zinc. 

(*5) and Cowling and BIiller (*6) used 

this dye for zinc analyses in plants, and Hove et al. (*7) 

in the measurement of carbonic anhydrase. The procedure 

employed by these authors. However, involved a 

preliminary extraction of oth er metals, pri ncipally 

copper, and a final extraction of zinc. Gett ler (*8) 

simplified the method by the use of a buffered solution 

of complex -forming salts, obv iating the pre liminary 

separation. We have further refined the method to obtain 

greater accuracy in the analysis of the zinc content of 

samples of whole blood, plasma, erythrocytes, and 

leucocytes and samples of tissue. Samples of th e size 

that can be practicably obtained may contain as little as 

1 to 5 y of zinc.  
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At pH 5.5 and in the presence of a titrate solution and 

complex-forming buffer, dithizone combines with zinc in 

stoichiometric proportions to form zinc dithizonate, but 

does not combine with other meta ls which may be present. 

The completion of this reaction is accompanied by a  

change of color  of the dithizo ne from green t o bright 

red. In routine extraction of samples this color change  

occurs slowly and appears to pass through an intermediary 

purple stage. In our experience, this color chan ge takes 

place more rap idly when the dye  is dissolved in  carbon  

tetrachloride than in chloroform.

*** 

[117] 

1. Todd, W. R., and Elvehjem, C. A., J. Biol. Chem., 98.609 (1932). 
2. Fischer, H., Wiss. Verdfentl. Siemens-Kongern, 4,158 (1925). 
3. Sandell, E. B., Calorimetric determination of traces of metals, 

New York (1944). 
4. Fischer, H., and Leopoldi, G., 2. anal. Chem., 107,241 (1936). 
5. Holland, E. B., and Ritchie, W. S., J. Assn. Agr. Chem., 22,333 

(1939). 

 

F. A complexometric method based on selective masking and de-masking 

has been developed for the rapid determination of aluminium, lead 

and zinc from the same solution in glass and glass frit samples.  

The d etermination is c arried out usin g p otassium cyan ide 

to ma sk z inc, an d exc ess disodium sal t of EDTA to ma sk 

lead and al uminium. T he excess EDTA was ti trated wit h 

standard Mn(II)SO4 solution using Erichrome Black-T as the  

indicator. S ubsequently sel ective de -masking age nts–

triethanolamine, 2,3-dimercaptopropanol and a f ormaldehyde 

/ acetone mixture – were used to determine quantities of 

aluminium, l ead and  z inc in  a  ste pwise an d s elective 

manner.

 

[118] 



34 

 

G. An indirect complexometric method is described for the 

determination of zinc (II) using 2,2'-bipyridyl as masking agent.  

Zinc ( II) in a  given sample solution is initially 

complexed with an  excess of EDTA and surplus EDTA is 

titrated with lead nitrate s olution at pH  5.0 -6.0 

(hexamine), using xylenol orange  as indicator. A n excess 

of 2,2'-bipyridyl is then added,  the mixture sha ken well 

and the EDTA r eleased from the Zn -EDTA complex is  

titrated with standard lead nitrate solution. Results are 

obtained for 3 -39 mg of Zn  with relative errors  < 0.5%  

and standard dev iations ± 0.06 mg. The interfer ence of  

various ions are studied. The method is applied for the 

determination of zinc in its alloys and ores.

 

[119] 

H. Copper, zinc and manganese determination in saline samples 

employing FAAS after separation and preconcentration on Amberlite 

XAD-7 and Dowex 1x-8 loaded with Alizarin Red S. 

Two procedures have been proposed and compared for  

separation and  preconcentration of trace amounts of 

manganese, copper, and zinc in saline samples. The  

procedures are based in the use of Amberlite XAD-7 and an 

anion-exchanger Dowex 1 X 8–50 loaded with Alizarin Red S 

(ARS). In order to obtain qua ntitative recoveries o f 

metal ions, various experimental parameters such as pH, 

shaking time, sample volume, amounts of solid phase , 

effects of concomitants, capacity and cations desorptions 

from solid phases were optimized. For Amberlite XAD -7 

impregnated with  ARS (XAD 7 -ARS), Mn, Cu, and Zn were 

quantitatively retained, in the pH range 8.5 -10.0, by 

using 0.50 g of solid phase, stirring time of 5 min and a 

total mass up to 200 µg of e ach cation. The  sorbed  
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elements were subsequently eluted with 5 mL of  3 mol /L 

HNO3, with recove ring over 95 %, and a fi fty-fold 

preconcentration factor for Zn and a ten -fold 

preconcentration factor for Mn a nd Cu were obtai ned. For 

Dowex 1X8–50 impregnated with ARS (Dowex-ARS), Cu and Mn 

were quantitatively retained in the pH range 8.1  to 9.0, 

and Zn pH 8.1, by using 0.75 g of solid phase, 90 min of  

stirring time and a total mass  up to 50 µg of each  

cation. The sorbed elements were subsequently eluted with 

20 mL of 2 molL-1 HNO3, and a five -fold preconcentration 

factor to Cu and  Zn was obtained . The pr ecision of the 

procedure was determined by running 10 replicate samples, 

each one containing 250  µg L -1 of each element and the  

relative standard deviations wer e 0.2% (Cu), 0.4 % (Mn), 

and 0.4% (Zn), to XAD 7 -ARS and 0.3% (Cu), 0.5 % (Mn), 

and 0.3 % (Zn), to Dowex-ARS. The procedures were used  

for determining of Mn, Cu, a nd Zn in physi ological 

solutions and seawater samples, from Salvador -Bahia. The 

analyte addition technique was used and the re coveries 

obtained (95%) revealed that the proposed procedure 

shows good accuracy and precision.

 

[120] 

 
I. Quantitative separation of zinc traces from cadmium matrices by 

solid-phase extraction with polyurethane foam.  

A system for separation of zinc traces from large amounts 

of cadmium is proposed in this paper. It is ba sed on the 

solid-phase extraction of the zinc in the fo rm of 

thiocyanate complexes by the polyurethane foam. The 

following parameters were studie d: effect of pH  and of 

the thiocyanate concentration on the zinc extraction, 

shaking time required for quantitative extraction, amount 
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of PU foam neces sary for complet e extraction, co nditions 

for the separation of zinc from  cadmium, influence of  

other cations and anions on the zinc sorption by PU foam, 

and required conditions for back extraction of z inc from 

the PU  foam. Th e results show that zinc traces  can be  

separated from large amounts of cadmium at pH 3. 0±0.50, 

with the range o f thiocyanate concentration from 0.15 to 

0.20 molL -1, and  the shaking ti me of 5 min.  The back  

extraction of zi nc can be done b y shaking it with water 

for 10 min. Calcium, barium, strontium, magnesium, 

aluminum, nickel and Iron(II) are efficiently separated. 

Iron(III), copper(II) and cob alt(II) are ex tracted 

simultaneously with zinc, but t he iron reduction with 

ascorbic acid and the use of citrate to mask copper(II) 

and cobalt(II) increase the se lectivity of th e zinc  

extraction. The anions nitrat e, chloride, s ulfate, 

acetate, thiosu lphate, tartara te, oxalate, f luoride, 

citrate, and carbonate do not affect the zinc extraction. 

Phosphate and E DTA must be abse nt. The method proposed 

was applied to determine zinc in cadmium salts using 4 -

(2-pyridylazo)-resorcinol (PAR) a s a spectrophoto metric 

reagent. The result achieved did not show sig nificant 

difference in the accuracy and precision (95 % confidence 

level) with those obtained by ICP–AES analysis.

 

[121] 

J.  Application of a new spectrophotometric method for Zinc 

determination in beverages and condiments.  

A new spectrophotometric method has been applied to th e 

determination of zinc in bottled  mineral water (with and 

without gas), re freshments, vinegar, and table s alt. The 

method introduces the 1 -[di-(2-pyridyl)-methylidene]-5-

(salicylidene)-thiocarbohydrazone (DPST) as chromogenic 

reagent.[122] 
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K.  A Rapid Spectrophotometric Method for Trace Determination of Zinc.  

A simp le, sen sitive, an d hig hly sele ctive m ethod is  

proposed for the determination of zinc (II) using a bi s-

azo dye, 2, 6-bis(1-hydroxy-2-naphthylazo)pyridine a s 

spectrophotometric re agent. At pH = 7 .8, in  50 % (v/v) 

ethanol–water medium, the complex is fo und to obey Beer’s 

law u p to 1 .3 mg/L w ith a n op timum concentration ra nge 

between 0 .19 an d 1.0  mg/L. S andell’s se nsitivity of the 

color re action was calculated to be 0.0011 μg cm−2 with 

molar abs orptivity of 6.0 ×104 L m ol−1 cm−1 at 560  nm. Th e 

optimum c onditions fo r the de termination of Zn(II) w ith 

the r eagent were as certained. The c omplexation a t 

different pH w as stu died i n wa ter–ethanol m edium. The 

composition of t he com plex is 1 :2. The action of som e 

interfering ions was  v erified, and the d eveloped me thod 

applied successfully for the estimation of zinc levels in 

food and milk samples, and the r esults were then compared 

with those obtained by using AAS.[123] 
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3.2.1. THE CHARACTERS OF ALIZARIN RED S (THE LIGAND USED 

HERE FOR QUANTITATIVE DETERMINATION OF ZINC BY UV-

VIS SPECTROPHOTOMETRIC METHOD). 

 

Alizarin is an organic compound  that is his torically 

important as a prominent dye. It is an anthraquinone 

originally derived from the roo t of the madder plant. 

Alizarin is also the name for  a variety of related dyes, 

such as "Alizarine Cyanine Green G", "Alizarine Brilliant 

Blue R." and "Alizarine Red S." The word alizarin derives 

from the Arabic al-usara, juice.[124] 

Alizarin (l,2-dihydroxy-9,10-anthraquinone) was the first 

of t he hydroxyanthraquinones t o be pr oposed as a n 

analytical r eagent f or qualitative a nd quantitative 

determination of  metals. Its  water-soluble de rivative 

alizarin red S (l,2 -dihydroxy-9,10-anthraquinone-3-

sulfonic a cid) b ecame on e o f t he mo st widely u sed and  

popular analytical reagents.[125] 

http://en.wikipedia.org/wiki/Organic_compound�
http://en.wikipedia.org/wiki/Dye�
http://en.wikipedia.org/wiki/Anthraquinone�
http://en.wikipedia.org/wiki/Madder�
http://en.wikipedia.org/wiki/Arabic_language�
http://en.wikipedia.org/wiki/Alizarin#cite_note-1�
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The Chemical properties of Alizarin red S: 

Alizarin red S i s the derivative of Anthraquinone (9,10-

dioxoanthracene) which is an aromatic organic compound . 

and is a derivative of anthracene.  

 

Molecular Formula  = C14H7NaO7

Molecular Weight = 342.26 

S 

pH Range = 3.5 – 6.5 ; 9.4 – 12.0 

Color changes at pH  = Yellow (3.5) to Orange (6.5); 

  Red (9.4) to Violet (12.0). 

pKa

Physical Form = Orange Yellow Powder 

 = 4.5, 11. 

Melting Point = > 2500

Uv-Vis (λ

C 

max

Isosbestic point = 447 nm 

) = 423nm (Acidic), 546nm (Basic). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig-4: Structure of ALIZARINE RED S. 

1,2-dihydroxy anthraquinone-3-sulfonic acid, sodium salt. 
 

 

http://en.wikipedia.org/wiki/Aromatic_hydrocarbon�
http://en.wikipedia.org/wiki/Organic_compound�
http://en.wikipedia.org/wiki/Anthracene�
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Spectrum:-1  

The absor ption spectrum of 0.012 % Alizarin Re d S  at  pH  4.0 .
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a = pH 3.50 b = pH 3.75 c = pH 4.00 d = pH 4.25 e = pH 4.50      

f = pH 4.75 g = pH 5.00 h = pH 5.25 i = pH 5.50 

 
Spectra:-2 
The absorption spectra of 0.012% Alizarin Red S at pH 3.50, 
3.75, 4.00, 4.25, 4.50, 4.75, 5.00, 5.25 & 5.50. 
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3.2.2  EVIDENCE FOR SPECTROPHOTOMETRIC REAGENT OF ALIZARIN RED S: 

Alizarin red S  (ARS) previously has been us ed as a 

spectrophotometric reagent for  several metal s. Some 

special works are: 

 

1. “Spectrophotometric determination of aluminium with alizarin red S 

sensitized with polyvinylpyrrolidone.” 

  
For the determination of aluminium by alizarin r ed s, 

A molar absorptivity of 1.70 × 104 L mol−1 cm−1 has 

been obtained at 510 nm  for acetate -buffered 

solutions at pH 4.75;

  

[126] 

2. Spectrophotometric determination of molybdenum with Alizarin Red S in 

the presence of poly sulfonylpiperidinylmethylene hydroxide. 

 
The ARS modified  by PSPMH reacts  with molybdenum(VI) 

in the solution s of pH 3.4 –4.0 to produce a  red 

complex. The com position of the complex is 1:4:1  mol 

ratio of Mo(VI):  ARS:PSPMH. The complex obeys Be er's 

law from 0.05 to 5.50 μg mL−1 with an optimum ra nge. 

The molar absorp tivity is 2.1×10 4 l mol−1 cm−1 at 500 

nm. The interfer ence effects of the foreign cati ons 

have been examin ed and it has b een determined t hat 

only Cu(II), Al(III) and Fe(III) have to be masked by 

EDTA. The met hod has been  applied to  the 

determination of geological samp les wi thout solv ent 

extraction or separation steps.

 

[127] 
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3. “Spectrophotometric determination of Toxic elements in aqueous media”. 

Trace amount of toxic elem ent (Cadmium) was  

determined by spectrophotometric method by using 1,2-

dihydroxy anthraquinone -3-sulfonic acid, sodium salt  

(Alizarin Red S) as a new spectrophotometric reagent. 

Alizarin Red S reacts in slightly acidic solution 

(0.005 – 0.05 M H 2SO4) with cadmium to give a deep  

greenish yellow chelate which  has an absor ption 

maximum at 442 nm. The reaction is  instantaneous and 

absorbance remains stable for over 24hrs. The average 

molar absorption coefficient and sandell’s  

sensitivity were found to be 2.24 x 10 3Lmol-1cm-1 and 

20ng cm -2 of Cd sensitivity.  Linear calibration  

graphs were obt ained for 0.1 -40μg mL-1 of Cd.  The 

stoichiometric composition of the chelate is 1:2 (Cd: 

Alizarin Red S) . Large excess of over 50 cati ons, 

anions and some common complexing agents (e.g EDTA,  

Oxalate, citrate, phosphate, thi o-urea, SCN -) do not 

interfere in t he determination. The  method was  

successfully used in the determi nation of cadmiu m in 

several standard reference materials (alloys, steels  

and water) as well as in some environmental waters  

(in land and s urface), biological samples (hu man 

blood and urine) , soil samples a nd complex synthetic 

mixtures. The method has high precision and accuracy. 

(S= ± 0.01 for 0.5 μg mL-1).
 

[128] 
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CHAPTER FOUR:  EXPERIMENTAL 

 

4.1.1. EXPERIMENTAL PREPARATION: 

Apparatus: 

A shimadzu (Kyoto, Japan) (Model−1601PC) double beam 

UV/VIS r ecording spectrophotometer and Denver (UB -

10) UltraB asic pH-meter were used f or th e 

measurements of  absorbance an d pH, respecti vely. A 

Shimadzu (M odel-AA6401F) atomic absorptio n 

spectrophotometer equipp ed wi th a micr o co mputer-

controlled nit rous oxid e-acetylene fl ame w as used 

for comparison of the results. 

 

Reagents and Solutions: 

All the chemicals used were of analytical -reagent grade 

or the highest purity available. Doubly distilled de -

ionized water, which is non -absorbent under ultraviolet 

radiation, was used through  out. Glass vessel s were  

cleaned by soaking in acidified solutions of K 2Cr2O7 

followed by wash ing with nitric acid (1 + 1)  and rinsed  

several times with high -purity de -ionized water. Stock 

solutions and en vironmental water samples (1000 mL each) 

were kept in polypropylene bottles containing 1 mL of  

concentrated HNO 3

 

. More rigorous contamination control  

was used when the Zinc levels in the specimens were low. 

Alizarin Red S Solution, 0.5% or 14.605 x 10-3

Reagent solution was prepared by dissolving the requisite 

amount of alizarin red S. (1, 2 -dihydroxyanthraqui-none-

3-sulphonic acid, sodium salt) (BDH chemicals) in a known 

volume of de-ionized water. More dilute solutions of the 

reagent were prepared as required. 

 M: 
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Zinc Standard Solutions: A 100-mL amount of stock solution 

with 100 ppm o r 100 mg/L  or  0.001529 M of d ivalent 

Zinc was prepared by dissolving 0.0440 gm of AR grade 

crystallized Zi nc sulfate ( ZnSO4.7 H 2

 

O) (M erck) in 

doubly di stilled de -ionized water. Mo re dilute  

standard solu tions wer e pre pared by  ap propriate 

dilution of aliquots from the stock solution with de-

ionized water as and when required. 

Other Solutions: Solutions of  a large nu mber of 

inorganic io ns and complexing agen ts we re prepared 

from t heir analar gr ade o r e quivalent gr ade water  

soluble salts (or the oxi des and car bonates in  

hydrochloric acid). 

 

4.1.2 PROCEDURE: 

Alizarin red  S solu tion was take n in a  10 -mL 

calibrated flas k with the Zn  solution,  the molar 

ratio of Z n:ARS was maintained in between 1:2  1:9 

fold. T he s olution’s p H was maintained at  pH  4.00.  

The pH was c ontrolled b y HClO 4 as acid an d NaOH as 

base as required.  The solution was prepared with the 

double distilled de-ionized water. The absorbance was 

measured a t 50 2.2nm agai nst a correspo nding Zinc 

blank solution. The Zinc content in an unknown sample 

was determined using a concurrently pr epared 

calibration graph. 
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4.2  THE SELECTION OF PARAMETERS. 

4.2.1  • max

 

 DETERMINATION: 

On the time of  survey , we hav e observed that Zn-ARS 

complex formed a  distinguishable color than ARS  at  the 

same pH. This color variation was followed in the pH 

range 3.50 to 4.5 0. A comparison spectra has been shown 

in spectra-3 

 

Four samples of pH at 3.50 to at 4.25 have been studied 

to determine the λmax

 

 for the Zn-ARS complex. Absorbances 

were measured f rom 350nm t o 6 50nm and presen ted i n 

spectra-4. Except the pH all parameters were kept same as 

mentioned bellow . The AR S = 0.1 5%, Zn = 100ppm & pH = 

3.50, 3.75, 4. 00 and 4.25. The results have been  

presented in table-2 and Fig-5. 

 
Table-2:  
• max determination of the Zn-ARS complex, studied in the range of 

350nm to 650nm.  

pH 
•

(nm) 

max Absorbance of  
Zinc - ARS Complex  

w.r.t ARS. 

3.50 492.60 0.03667 

3.75 496.80 0.16511 

4.00 502.20 0.31303 

4.25 502.80 0.14504 
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Spectra-3  Comparison of absorption spectra of ARS, Zn-ARS complex & Zn-ARS complex w.r.t. ARS. 
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Spectra:-4  

Absorption spectra of Zinc -ARS complex w.r.t . ARS at pH  

3.50, 3.75, 4.00 and 4.25 in the range of 350nm to 650nm. 
  

** A  = Absorbance at PH = 3.50; λmax

 B  = Absorbance at pH = 3.75; λ
 = 492.60nm; absorbance = 0.03667 

max

 C = Absorbance at pH = 4.00; λ
 = 496.80nm; absorbance = 0.16511 

max

 D  = Absorbance at pH = 4.25; λ
 = 502.20nm; absorbance = 0.31303 

max = 502.80nm; absorbance = 0.14504 



50 

 

It is  observed in the tab le-2 t hat the maxim um 

absorbance (0.31303) has been occurred at λmax=502.2 nm. 

It has also been observed that with t he increase of pH 

the λmax increases, after t he λmax 502.2 nm  the 

absorbance decr eases. That is  at λmax

 

 502.2 nm the 

absorbance is highest. 

4.2.2   pH ADJUSTMENT: 

Some samples of Zinc-ARS complex of 100 ppm Zn and 0.15% 

Alizarin Red S have been prepared with the con tinuous 

change of pH at 3.85, 3.90, 3.95, 4.00, 4.05 and  4.10 by 

the standard procedure . The absorptions measured were 

presented in spectra-5. The absorbances were measured at 

λmax

 

 502.20nm and the results have been prese nted in 

table-3 and fig-6. 

Table-3:  
Adjustment of pH for Zn-ARS complexes, studied at pH 3.85, 3.90, 3.95, 
4.00, 4.05 & 4.10. 
 

pH 
Absorbance of  

Zinc - ARS Complex  
w.r.t ARS at 502.2 nm 

3.85 0.23104 

3.90 0.26510 

3.95 0.30480 

4.00 0.31303 

4.05 0.30250 

4.10 0.28691 
 

The results of t he table-3 indicate that the abs orbance 

increased continuously from pH 3.85 to 4 .00 at 

λmax=502.2nm and decreased from pH 4.00 to 4. 10. The 

maximum absor ption has been fo und at  pH 4.00  ( λmax 

502.2nm, abs 0.31303).  
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Spectra:-5  

Absorption spectra of Zi nc-ARS w.r.t. ARS at pH 

3.85, 3.90, 3.95, 4.00, 4.05 & 4.10..  
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4.2.3 EFFECT OF TIME ON THE ABSORBANCE OF Zn-ARS COMPLEX AT pH 4.00: 

A standard samp le of Zn -ARS c omplex at pH 4 .00 was 

prepared to observe the effect o f time. Absorbances were 

measured at λmax

From the results  it has been  observed that for 4 8 hours 

the absorbance (0.31303) rem ained constant at λ

 502.2nm with th e time interval  and the  

data obtained have been presented in table-4 and fig-7. 

max

 

 

502.2nm. 

 
Table-4:  
Effect of time on the absorbance of Zn-ARS complex w.r.t ARS at pH 4.00. 
 
Time(Min) 2 5 8 13 22 30 90 250 300 1440 2880 

Abs 502.2nm 0.31303 0.31303 0.31303 0.31303 0.31303 0.31303 0.31303 0.31303 0.31303 0.31303 0.31303 

 

 
Fig.−7:  

Effect of time on the absorbance of Zn-ARS complex w.r.t ARS at pH 4.00. 
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4.2.4 EFFECT OF TEMPERATURE ON THE ABSORBANCE OF Zn-ARS 

COMPLEX: 

The effect of te mperature on Zn-ARS complex and ARS have 

been studied ov er 25 0C to 60 0c at pH 4.00 a nd the  

absorbances were measured at λmax

 

=502.2nm (Spectra-6). 

The corresponding data have been presented in table-5.  

Table-5:  

Effect of Temperature on the Absorbance of Zn-ARS Complex.  

Temperature 
(0C) 

600C 550C 500C 450C 400C 350C 300C 250C 

Abs  
(502.2nm) 
Zn-ARS 

0.4855 0.4497 0.4218 0.3943 0.3783 0.3638 0.3439 0.3375 

Abs  
(502.2nm) ARS 

0.0973 0.0970 0.0968 0.0967 0.0965 0.0964 0.0963 0.0963 

 

 

From the result of table-5 it has been observed that the 

absorbances of ARS negligibly changed within the 

temperature range ; were as , for the Zn -ARS com plex the 

rate of increase of absorbances have been increased with 

the increase of temperature. 
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4.2.5 EFFECT OF ACIDS AND BASE ON THE ABSORBANCE OF Zn-ARS 

COMPLEX:  
The effects of various acids and base have been studied on 

the standard solutions of Zn-ARS complex. The absorbances 

were me asured at λmax 

 

502.2nm. Fo r a ll subsequent 

measurement pH was 4.00, ARS was 0.15% and Zn was 100ppm. 

The results have been presented in table-6 and fig-8. 

Table-6:  

Effect of various acids and base on the absorbance of Zn-ARS complex. 

Sl 
No 

Acids and Base 
Absorbance of Zn-ARS  

with respect to ARS  
at 502.2nm 

1 HClO 0.313 4 

2 HCl 0.207 

3 NH 0.192 3 

4 HNO 0.171 3 

5 H2SO 0.137 4 

6 Oxalic Acid 0.089 

7 Citric Acid 0.064 

8 H3PO 0.020 4 

9 CH3 0.001 COOH 
 

The resu lts of  table -6 indicate that t he ab sorbance 

of Zn -ARS comp lex was low in  the case of organic  

acids & NH3 and high in the case of ino rganic acids. 

More ove r the  absorbance was  h ighest i n the  c ase of 

HClO4 acid. 
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4.2.6 VERIFICATION OF THE BEER LAMBERT LAWS FOR ALIZARIN 

RED S AT 447 nm, pH 4.00: 

 

The well known equation of spectrophotometric analysis is 

Beer’s law. The Beer’s laws have been studied at 447.0 nm 

over 0.35% to 0.006372 % of ARS. The correspo nding data 

have been presented in table-7 and fig-9. 
 

Table-7:    Beer Lambert Laws for ARS at 447.0 nm, pH 4.00. 

Sl 
No 

% of ARS 
Abs of ARS at 

447 nm 
 

Sl 
No 

% of ARS 
Abs of ARS at 

447 nm 

1 0.350000 2.87207  17 0.041323 0.35266 
2 0.306250 2.58630  18 0.036158 0.30713 
3 0.267969 2.29309  19 0.031638 0.26770 
4 0.234473 2.03162  20 0.027684 0.23242 
5 0.205164 1.78650  21 0.024223 0.20251 
6 0.179518 1.56860  22 0.021195 0.17554 
7 0.157078 1.37317  23 0.018546 0.15259 
8 0.137444 1.20581  24 0.016228 0.13281 
9 0.120263 1.05774  25 0.014199 0.11450 
10 0.105230 0.92419  26 0.012424 0.09937 
11 0.092076 0.80652  27 0.010871 0.08594 
12 0.080567 0.70300  28 0.009512 0.07446 
13 0.070496 0.61414  29 0.008323 0.06470 
14 0.061684 0.53613  30 0.007283 0.05664 
15 0.053974 0.46631  31 0.006372 0.05005 
16 0.047227 0.40625 

From the result s it has been found that the  

absorbances were liner with the concentration of ARS 

and followed t he Beer’s law.  The molar abs orption 

co-efficient wa s found 2.92x102 Lmol-1cm-1 at 447.0  

nm.[Appendix -1]  



59 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig-09: 
Verification of the Beer Lambert Laws for ARS at 447.0 nm & pH 4.00. 
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4.2.7 VERIFICATION OF THE BEER LAMBERT LAWS FOR ZINC-ARS 

COMPLEX AT 502.2 nm, pH 4.00. 

To verify the Beer’s laws for the Zn -ARS complex, the 

complex has been studied over 100 p pm to 6 pp m of Zn 

at pH 4.00. The absorptions were measured according to 

the standard procedure (Sp ectra-7). All the 

absorbances were measured at λmax

 

 502.2nm by using ARS 

as a re ference sample and the re sults ha ve been 

presented in table-8 and fig-10. 

Table-8:  Absorbance of Zinc-ARS complex w.r.t. ARS with the change 
of concentration of Zn. 

Sl 
No 

Concentration of Zinc  
(ppm) 

Concentration of Zn  
( Molarity) 

Absorbance of 
Zn-ARS w.r.t ARS  

at 502.2 nm 
1 100.000 0.001529286 0.3131 

2 87.500 0.001338125 0.2780 

3 76.563 0.001170867 0.2434 

4 66.992 0.001024499 0.2116 

5 58.618 0.000896437 0.1869 

6 51.291 0.000784386 0.1629 

7 44.880 0.000686343 0.1412 

8 39.270 0.000600551 0.1252 

9 34.361 0.000525478 0.1073 

10 30.066 0.000459795 0.0976 

11 26.308 0.000402325 0.0859 

12 23.019 0.000352026 0.0754 

13 20.142 0.000308029 0.0653 

14 17.624 0.000269521 0.0533 

15 15.421 0.000235831 0.0467 

16 13.493 0.000206347 0.0405 

17 11.807 0.000180563 0.0339 

18 10.331 0.000157991 0.0298 

19 9.040 0.000138247 0.0267 

20 7.910 0.000120967 0.0239 

21 6.921 0.000105842 0.0215 

22 6.056 0.000092614 0.0194 
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The results indicate that the absorbance of Zn-ARS 

complex in creases linearly with the  increase of 

the co ncentration of  Zn . That is , t he complex 

formation followed t he Beer’s la w. The mo lar 

absorption co-efficient of Zinc has bee n 

calculated 2.10x102 Lmol-1cm-1.

 

 [Appendix -1] 
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Spectra:-7  

Observation of Beer Lambert laws for Zinc-ARS complex at 502.2 nm. 
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4.2.8 EFFECT OF LIGAND CONCENTRATION ON THE ABSORBANCE OF Zn-

ARS COMPLEX: 

To obser ve the  effect o f lig and (ARS ) conc entration 

on the Zn -ARS c omplex fo rmation; different so lutions 

were prepared containing different molar ratios of Zn 

& ARS. 

The absorption spectra were measured according to the 

standard procedure (spec tra-8). The absorbances have 

been measured at λmax 

The re sults indicate that th e abso rbance i ncreases 

with the incre ase of the  ratio of ARS and  remain 

constant after the molar ratio of Zn:ARS is 1:2. 

502.2nm and presented in th e 

table-9 and fig-11. 

Table-9:  

Absorbances of Zn-ARS complex w.r.t. ARS with the change of molar 
ratio (Zn:ARS). 

Sl 

No 

Molar ratio 

(Zn:ARS) 

Absorbance of Zn-ARS  

with respect to ARS 

at 502.2nm 

1 1 : 9.00 0.1706 

2 1 : 6.00 0.1700 

3 1 : 4.00 0.1710 

4 1 : 3.00 0.1706 

5 1 : 2.50 0.1706 

6 1 : 2.00 0.1703 

7 1 : 1.90 0.1695 

8 1 : 1.50 0.1653 

9 1 : 1.20 0.1553 

10 1 : 1.00 0.1489 
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Spectra:-8  

Effect of ligand’s (ARS) molar concentration on the absorbance of Zn-ARS 

complex. 
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4.2.9 DETECTION LIMIT (ppm) OF ZINC: 

To observ e th e detection l imit of Zin c, Zn-ARS 

solutions wer e prepar ed con taining 100 pp m to 0.15 

ppm of Zn . The absor ption spectra wer e me asured 

according to the standard procedure (Spectra-9). 

The absorbances were measured at λmax

 

 502.2nm and the 

data have been presented in table-10 & fig-12, 13. 

Table-10:   

Detection limit of Zn, studied on 100 ppm to 0.15 ppm of Zn. 

Sl No 
Concentration of  

Zinc in ppm  

Absorbance of Zn-ARS  
with respect to ARS  

at 502.2 nm 
1 100.000 0.3131 

2 87.500 0.2780 

3 76.563 0.2434 

4 66.992 0.2116 

5 58.618 0.1869 

6 51.291 0.1629 

7 44.880 0.1412 

8 39.270 0.1252 

9 34.361 0.1073 

10 30.066 0.0976 

11 26.308 0.0859 

12 23.019 0.0754 

13 20.142 0.0653 

14 17.624 0.0533 

15 15.421 0.0467 

16 13.493 0.0405 

17 11.807 0.0339 

18 10.331 0.0298 
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Sl No 
Concentration of  

Zinc in ppm  

Abs of Zn-ARS  
with respect to ARS  

at 502.2 nm 
19 9.040 0.0267 

20 7.910 0.0239 

21 6.921 0.0215 

22 6.056 0.0194 

23 4.5420 0.0144 

24 3.4065 0.0106 

25 2.5549 0.0080 

26 1.9162 0.0060 

27 1.4371 0.0045 

28 1.0778 0.0034 

29 0.8084 0.0025 

30 0.6063 0.0019 

31 0.4547 0.0014 

32 0.3410 0.0012 

33 0.2558 0.0010 

34 0.1918 0.0009 

35 0.1500 0.0009 

 

From t he r esult, it  has  bee n obse rved tha t the  

absorbances were increases linearly with the increase 

of the concentration of Zinc for 0.3- 100 ppm of Zinc 

at 502.2nm. Be low 0.3 ppm of  zinc  the abso rbances 

were no t li ner, which  ind icate the  lower limit of  

detection of Zn is 0.3 ppm. 
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Fig-12:   
Absorbances of Zn-ARS complexes at 502.2nm Vs Concentration of Zn (100-6) ppm. 
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Fig-13:  
Absorbances of Zn-ARS complexes at 502.2nm Vs Concentration of Zn (6-0.150) ppm. 
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Spectra:-9  

Absorption spectra for the detection limit of Zn (100-0.150 ppm). 
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The foll owing paramet ers i n table -11 ha ve bee n 

selected for the determination of Zinc. 

Table-11: 

Selected analytical parameters to determine the concentration of Zinc. 

Parameter Studied range Selected Value 

Wavelength/ λmax 350 − 650 (nm) 502.2 

Acid Selection 

HCl, HClO4,  H2SO4,  

Oxalic acid, HNO3,  

H3PO4,

HClO

 Acetic Acid 

4 

pH 3.5 − 4.25 4.00 ±  0.02 

Time/h 0 − 48 Instantaneous 

Temperature/°C 25°C − 60°C 25°C ± 2o

(Room Temp) 
C 

Reagent fold molar 

( Zn : ARS) 
1:1 − 1:9 1:2 − 1:9 

Linear range in ppm 0⋅15 − 100 0⋅30 − 100 
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4.2.10 PRECISION AND ACCURACY: 

The precision of the present method was evaluated by 

determining dif ferent conc entrations of Zin c (each 

analyzed at least five times).  

 

The sa mples wer e prepared and me asured the 

concentration of Zn ac cording to th e s tandard 

procedure. The results have been presented in table-12 

to calculate the standard deviation. 

 

Form the result, the relative stand ard deviation (n=11) 

has been found  1.098 %, which was in betwe en 0 -2% 

indicates that the method is precise & reproducible. 

 

The resu lts of alloy analysis by the 

spectrophotometric method wer e excellent ag reement 

with t hose obtained by AAS (Table-15). H ence, the  

precision and accuracy of the method were found to be 

excellent. 
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Table−12:  

Standard deviation and relative standard deviation of Zn(II)-ARS system. 

Sample 
No. 

Zn(II) 
taken  

mg L

Zn(II) 
Found        

X−1 1  mg L

Mean 

−1 

−
X

mg L

 X
−1 

1 − 
−
X ( )x1 − 

−
X

Standar
d 

deviatio
n (± s) 

2
 

Relative 
standard 
deviation 

(sr)% 

1 100⋅0 99.0  1.32 1.74   

2 100⋅0 99.5  0.82 0.67   

3 100⋅0 101.0  0.68 0.46   

4 100⋅0 101.5  1.18 1.40   

5 100⋅0 99.0  1.32 1.74   

6 100⋅0 101.5  1.18 1.40   

7 100⋅0 101.0 100⋅32 0.68 0.46 ± 1.102 1⋅098 

8 100⋅0 99.5  0.82 0.67   

9. 100⋅0 99.0  1.32 1.74   

10 100⋅0 101.5  1.18 1.40   

11 100.0 101.0  0.68 0.46   

N = 11  ΣX

= 1103.5 

1  ΣX1 − 
−
X

= 
11⋅1818 

 Σ ( )x1 − 
−
X

= 12.1364 

2

 

  

Mean, 
−
X = 

ΣX1

N  = 
1101⋅5

11

Standard deviation, S = 

 = 100⋅14 

Σ (X1 − X)2

N − 1  = 
13⋅53
11 − 1 = 1⋅353

 Relative standard deviation (S

= ± 1⋅16 

r) % = 
S
X

 = 

 × 100. 

1⋅16 × 100
100⋅14    = 1⋅16 % 
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4.2.11. EFFECT OF FOREIGN CATIONS: 

The eff ect o f o ver 3 0 cations and complexing agents  

on the de termination of Zi nc was st udied. The  

interference on an absorban ce value vary ing not more 

than ±5 % are expected.[129]

From the  resu lts, it h as bee n observe d tha t a large 

number of i ons have  no s ignificant effect on t he 

determination of Zinc . T he mos t serious  inter ference 

was found fro m Ag(I), Ba (II), Pb(II),Cu(II) and 

Fe(III) ion s. Interferen ce from these ions were 

probably due to complex formation.  

 The resu lts are 

summarized, in Table-13.  

A greater tolerance limits for these ions can be achieved 

by using several masking methods.  
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Table-13:  

Tolerance limits of foreign ions1

[SPECIES (X)]/ Zn (W/W). 

.  

Species X 
Tolerance 
ratio X/Zn 

Species X 
Tolerance ratio 

X/Zn 

Ammonium (I) 100 Chromium(III) 
More than 

200 

Arsenic (III) 100 Chromium (VI) 
More than 

200 

Silver (I) More than 
200 Copper (II) 100 

Manganese(II) 200 Vanadium (V) 200 

Chloride More than 
200 Arsenic (V) 50 

Fluoride More than 
200 Lead (II) 50 

Barium 200 Nickel (II) 200 

Nitrate More than 
200 Iodide 200 

Nitrite 100 Phosphate 100 

Bismuth (III) 100 Oxalate More than 
200 

Citrate More than 
200 Thiocyanate 100 

Aluminium More than 
200 Sodium More than 

200 

Bromide 100 Cadmium More than 
200 

Cobalt (II) 100 Mercury (II) 200 

Cobalt (III) 100 Calcium More than 
200 

Iron (II) 50 Potassium More than 
200 

Iron (III) 40 Molybdenum(VI) 100 

                                                           
1 Tolerance limit was defined as ratio that causes less than 5 per cent interference. 
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4.2.12. PROBABLE STRUCTURE OF ZINC-ALIZARIN RED S COMPLEX: 

Job's method [130] of cont inuous vari ation and the  

molar-ratio [131] method were applied to asce rtain the 

stoichiometric composition of Zn-ARS complex. A Zinc-

Alizarin Red  S  (1:2)  comp lex was i ndicated by bo th 

methods. The assumed structure is like fig-14. 

 

Fig:-14 Probable structure of 

Zinc-Alizarin Red S (1:2) complex. 

 

This is  an  ass umed st ructure of Zn -ARS complex i n 

fig-14. We o bserved th at Zn f ormed th e complex that  

is 5 member ri ng a stable co mplex. More ov er the 

study of molar rati o a lso supp orted the 

stoichiometric composition of this structure.  
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4.3 APPLICATIONS: 

The pre sent m ethod wa s succ essfully appli ed to the 

determination of Zinc (II) in a series of mixtures of 

various compositions (Table-14). The results of alloy 

analysis b y spe ctrophotometric method were f ound to 

be in excellent agreement with those obtained by AAS 

(Table-15). In view  of the unknown comp osition o f 

environmental water s amples, the s ame e quivalent 

portions of each of such sample was analyzed for Zinc 

content, reco veries in  both  t he 'spi ked' ( added to 

the samples before the mineralization or dissolution) 

and the  'un  sp iked' s amples are in  good  ag reement 

(Table-16). The precision and accuracy of the method 

were excellent. 

 

4.3.1. DETERMINATION OF ZINC IN A MIXTURE OF IONS: 

Several m ixtures of comp ositions contai ning Z inc and  

various ions of  known concentrations we re det ermined 

by the pres ent method using potassium thiocyanate as 

a maski ng ag ent. The results h ave bee n pre sented in  

Table-14. The results were found to  be  highly  

reproducible. Accurate rec overies were achi eved in 

all solutions. 
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Table-14:  

Determination of zinc in some mixtures of ions. 

Sample 
No. 

Composition of 
Mixture/ mg L−1 

Zinc / mg L−1 

Added Founda 

A Zn 
0·50 

1·00 

0·49 

0·99 

B 
As in A + Mn

2+
(25)

Na

 +  

(25) + KSCN

0·50 

(10) 
1·00 

0·49 

1·01 

C 
As in B + Hg

2+
(50)

 Ni

 + 

2+
(50) + KSCN

0·50 

 (10) 
1·00 

0·53 

1·02 

D 
As in C + Cd(25)

+ K

  0·50 

(25) 1·00 

0·54 

1·04 

E 

As in D + Ba

+ Br

(25)  

−
(50)

0·50 

 1·00 

0·53 

1·08 

a

 

 Average of five analyses of each sample. 
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4.3.2. DETERMINATION OF ZINC IN ALLOY WITH THE COMPARISON 

OF AAS METHOD. 

 
A 0·0175 g amou nt of an alloy  sample was acc urately 

weighed into a  50-mL flask  following the method 

recommended by parker et .al[132]. To it, 1  mL of  

concentrated nitric  acid was added, carefully covering 

with a watch-glass until the brisk reaction subsided. The 

solution was hea ted gently to the dryness. Then 2 mL of 

1:1 (V/V) HClO 4 was added and the solution was carefully 

evaporated to dense white fumes to drive off the oxides 

of nitrogen, and then cooled to room temperature 

(25±5)0

 

c. A fter suitable dilutio n with deionized  water,  

the contents of the Erlenmeyer flask were wo rmed to  

dissolve the soluble salts. The solution was then cooled 

and neutralized with dilute NaOH. The solution w as then 

filtered through sintered glass crucible if ne cessary. 

The volume of the solution was adjusted to 50mL by adding 

D.D. water , and the zinc was  determined from this  

solution by the following methods. 

1) Proposed Method: Sufficient amount of ARS, approx imately 

1:3 molar of ARS was added with the 5mL of quantitatively 

measured stock solution. The sample solution was prepared 

by the standard procedure  to 1 0mL. The absorbance was  

measured at 502.2nm using ARS as a referenc e sample  

(Spectrum-10). The absorbance value was found at 0.18031. 

From this result th e Zn conte nt was calculated as  

32.027% of Zn in the brass alloy. 
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2) AAS Method: 

A 10 mL of st ock soluti on w as packed in a  sample 

container th en sent it  to examine the  perc entage of  

Zn by AAS metho d. The amount o f Allo y on the  sample  

is (0.0175/50x10) g or 0.0035 g or 3.5 mg. The result 

has been presented in the table-15. 

 

Table-15:  

Determination of zinc in a Brass sample. 

Sample Source 

%  of Zn W/W 

Proposed method AAS method 

Brass 32. 027 % 32. 000 % 
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Spectrum 10:- 

The absorption spectrum of Brass-ARS solution to determine the percentage of Zn. 
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4.3.3 DETERMINATION OF ZINC IN ENVIRONMENTAL WATERS: 

Environmental water sample (1000mL) filtered with Whatman No.40 was 

evaporated nearly to dryness with a mixture of 5mL of con.HClO4 and 10 mL 

of con.HNO3 in a fume cupboard following a method recommended by 

Greenberg et al[133]

Most spectrophotometric method for the determination of metal ion in 

natural water require pre-concentration of metal.

, and was then cooled to room temperature. The residue 

was then heated with 10-mL of de-ionized water in order to dissolve the 

salts. The solution was then cooled and neutralized with dilute NaOH in the 

presence of 3-4 mL of dilute KSCN solution. The resulting solution was 

filtered and quantitatively transferred into a 25mL calibrated flask and made 

up to the mark with deionized water. 

[134]

The analyses of environmental water samples from various sources for Zinc 

determination are presented in Table-16. 

 An aliquot (1–2 mL) of 

this pre-concentrated water sample was pipetted into a 10-mL calibrated 

flask and the Zinc content was determined as described under standard 

procedure. 

Table-16: 

Determination of zinc in some environmental water samples. 

Sample 
Zinc / mg L−1 Recovery 

± S (%) Added Found 

Tap water 

0 

100 

500 

3⋅5 

105⋅0 

504⋅0 

 

99 ± 0⋅1 

100 ± 0⋅3 

Drain water 

(Olympic Battery). 

0 

100 

500 

120 

223 

630 

 

101 ± 0.5 

102 ± 0.3 
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In this thesis a new simple,  sensitive, se lective 

and inexpensiv e method with  Zn -Alizarin Red S 

complex has been introduced for the determination of 

Zinc by uv -vis spectropho tometer. This meth od has 

been devel oped for the dete rmination of z inc in 

industrial, environmental, h ealth i ssue and many 

others for co ntinuous mon itoring to establi sh trace 

levels of Zin c in dif ferent samples. Although many 

sophisticated techniques such as pulse p olarography, 

HPLC, AAS, IC P–AES (Inductive Coupled Plasma – Atomic Emission 

spectroscopy), and I CP–MS (Inductive Coupled Plasma – Mass Spectroscopy), 

are available for the determination of Zinc at trace 

levels in n umerous factors such as t he lo w c ost of  

the in strument, easy  handl ing, lack  of  requ irement 

for consumables etc. have caused uv-spectrophotometry 

to remai n a popular techn ique, p articularly in 

laboratories of  developing co untries wit h limited  

budgets. The sensitivity in  terms of r elative 

standard devi ation of the p resented method  is  very 

reliable for the deter mination of Zinc in real  

samples minimum to μg g −1

 

 levels in aqueo us medium at 

room temperature (25±2)°C. 
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From Beer Law we know that A = •CL 

Calculation of  “• ” for ARS:- 

Where, A = Absorbance 

   •  = Molar Absorption co-efficient  

   C = concentration in moles/Liter 

   L = path length in cm; 

Our cell’s path length was 1 cm then A = •C or ε  = A/C  

From the data of table-7 on page 58 we calculate that 

•   = A/C 

= ∆ y / ∆ X  

 = (2.29309-0.46631) / (0.0078294-0.0015770) 

= 1.826780/ 0.006252 

= 292.171811 L mol -1cm-1

 

. 

The Molar Absorption coefficient of ARS at 447.0 nm is  

 

•  = 292.171811 L mol-1cm-1

  = 2.92 x 10

. 

2 L mol-1cm-1. 
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From Beer Law we know that A = •CL 

Calculation of  “• ” for Zn-ARS:- 

Where, A = Absorbance 

   ε = Molar Absorption co-efficient  

   C = concentration in moles/Liter 

   L = path length in cm; 

Our cell’s path length was 1 cm then A = εC or ε  = A/C  

From the data of table-8 on page 61 we calculate that 

 

ε  = A/C 

= ∆ y / ∆ X  

 = (0.2434-0.0405) / (0.001170867-0.000206347) 

= 0.2029 / 0.000964521 

= 210.3635801 L mol-1cm-1

 

. 

The Molar Absorption co-efficient for Zn at 502.2nm is  

 

ε = 210.3635801 L mol-1cm-1

  = 2.10 x 10

. 

2 L mol-1cm-1. 
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From Beer Lambert Laws we know that A = • CL 

Calculation of Zn on Brass sample by Proposed method:- 

Where, 

A = Absorbance = 0.18031 

•  = Molar Absorption co-efficient = 210.3635801 L mol-1cm

C = Concentration in moles/Liter = ? 

-1 

L = Path length in cm = 1 cm 

 

Then, 

C  = A/ε  moles/Liter 

  = 0.18031 / 210.3635801 moles/Liter 

  = 0.000857135 moles/Liter 

or, 56.048 ppm 

 

56.048 ppm denote, 

1000 mL solution contain 56.048 mg Zinc 

10  mL solution contain (56.048 x 10)/1000 mg Zinc 

 = 0.56048mg Zinc 

50 mL stock contains 0.0175 gm Alloy,  

So, 5 mL stock contains 0.00175 gm or 1.75 mg Alloy. 

 

1.75 mg alloy contain 0.56048 mg Zinc 

100 mg alloy contain (0.56048 x 100)/1.75 mg Zinc 

 = 32.027 mg Zinc 

 

i.e,. the percentage of Zinc in the Brass alloy is 32.027 %. 
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Abstract of the publication based on the present work.
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“DETERMINATION OF TRACE Zn (II) ION BY FORMING 

METAL-LIGAND CHELATE COMPLEX IN AQUEOUS MEDIUM 

USING UV-VIS SPECTROPHOTOMETRIC METHOD.” 

 

 

Analytical Sciences, 2010 (communicated). 

 

Trace amount of Zinc has been determined by spectrophotometric 

method using 1,2-dihydroxy anthraquinone-3-sulphonic acid 

sodium salt (Alizarin Red S) as a spectrophotometric reagent. The 

ligand Alizarin Red S reacts in slightly acidic solution (pH 

4.00±0.02) with Zinc to give an orange-red chelate that has an 

absorption maximum at 502.2 nm. The reaction is instantaneous 

and absorbance remained constant for over 48 hrs. The average 

molar absorption co-efficient was found to be 2.10x102Lmole-1cm-1. 

Linear calibration graphs were obtained for 0.30-100 μg mL-1 of 

Zn. The stoichiometric composition of the chelate has been found 

1:2 (Zn:ARS). Large excess of cations, anions and some 

complexing agents have been studied. The method was 

successfully used in the determination of Zinc in several standard 

reference material, alloys & environmental water and made a 

comparison with those obtained by Atomic Absorption 

Spectrophotometer. 
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Fig-10:  
Verification of Beer Lembart Laws for Zn-ARS Complex at 502.2nm , pH 4.00.  
[Absorbance of Zn-ARS at 502.2nm Vs Conc of Zn (100-6 ppm)]. 
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Fig-11:  
Absorbances of Zn-ARS complexes with respect to ARS Vs  Molar ratio of  Zn:ARS. 
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The table below will give an idea about to choose an analytical method. 
Table-1. Comparison of Different Analytical Methods. 

[3] 

MMeetthhooddss  
AApppprrooxx  RRaannggee,,  

mmooll  //  LL  
AApppprrooxx  

PPrreecciissiioonn,,  %%  
SSeelleeccttiivviittyy  SSppeeeedd  CCoosstt  PPrriinncciippaall  UUsseess  

Gravimetry 10-1 – 10 0.1 -2 Poor - Moderate  Slow Low Inorg. 

Titrimetry 10-1 – 10 0.1 – 1 -4 Poor - Moderate  Moderate Low Inorg,. Org. 

Potentiometry 10-1 – 10 2 -6 Good  Fast Low Inorg. 

Electrogravimetry 
(coulometry) 

10-1 – 10 0.01 – 2 -4 Moderate 
Slow – 

Moderate 
Moderate Inorg., Org. 

Voltammetry 10-3 – 10 2 – 5 -10 Good Moderate Moderate Inorg., Org. 

Spectrophotometry 10-3 – 10 2 -6 
Good - 

Moderate  
Fast – 

Moderate 
Low – 

Moderate 
Inorg., Org. 

Fluorometry 10-6 – 10 2 – 5 -9 Moderate Moderate Moderate Org. 

Atomic spectroscopy 10-3 – 10 2 – 10 -9 Good Fast 
Moderate – 

High 
Inorg., 

multielement 

Chromatography 10-3 – 10 2 – 5 -9 Good 
Fast – 

Moderate 
Moderate – 

High 
Org., 

multielement 

Kinetic methods  10-2 – 10 2 – 10 -10 Good - Moderate 
Fast – 

Moderate 
Moderate 

Inorg., Org., 
enzymes 
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