
J.Serb.Chem.Soc. 65(7)457-472(2000) UDC 535.243.1/.3:167.7

JSCS-2765 Review paper

REVIEW

Analytical application of derivative spectrophotometry

GORDANAV. POPOVI],a LIDIJA B. PFENDT
b*,**

and VIOLETAM. STEFANOVI]
b

a

Faculty of Pharmacy, University of Belgrade, Vojvode Stepe 450, P.O.Box 146,

YU-11000 Belgrade and
b
Faculty of Chemistry, University of Belgrade, Studentski trg 16,

P.O. Box 158, YU-11000 Belgrade, Yugoslavia

(Received 26 October 1999)

1. Introduction

2. Basic characteristics of derivative spectrophotometry

2.1. Increase of spectra resolution

2.2. Elimination of the influence of baseline shift and matrix interferences

2.3. Enhancement of the detectability of minor spectral features

2.4. Precise determination of the positions of absorption maxima

2.5. Signal-to-noise ratio (SNR)

2.6. Quantitative analysis

3. Analytical applications

3.1. Inorganic analysis

3.2. Organic and pharmaceutical analysis

3.3. Analysis of food and water

3.4. Application of derivative spectrophotometry for the determination of equilib-

rium constants

Keywords: theoretical aspect of derivative spectrophotometry, analytical application of

derivative spectrophotometry, inorganic analysis, organic analysis, pharmaceutical ana-

lysis, derivative spectrophotometry in chemical equilibria.

1. INTRODUCTION

The derivative method in UV/visible and IR spectrophotometry was intro-
duced in 1953.1�3 The initial lack of reasonably priced instrumentation and the
original limitation to the first derivative are the reason why this technique was
accepted only hesitantly. Therefore, derivative spectrophotometry has only recently
become a generally applied analytical method, since the rapid progress in the
technology of microcomputers has made it possible to directly present the first, the
second and higher order derivative spectra.
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The great interest towards derivative spectrophotometry (DS) is due to the

increased resolution of spectral bands, allowing the detection and location of the

wavelengths of poorly resolved components of complex spectra and reducing the

effect of spectral background interferences.4�6 Because of these characteristics, the

processes of isolation and preconcentration of active components, usually required

in qualitative and quantitative spectrophotometric procedures applied in the analysis

of complex systems, is completely avoided.

The conceptual simplicity, relatively quick and easy realization, increased

selectivity and sensitivity in the analysis of minor components are the main reasons

why the interest in DS is constantly growing for practical application, as well as for

the development of spectrophotometers with integrated computers and accompany-

ing software for producing derivative spectra of different orders. As a result, a great

number of papers dealing both with the theoretical aspects of the derivative tech-

nique connected with the appropriate numerical analysis and with detailed critical

analysis of derivative techniques of certain order have appeared. These papers also

describe the application of DS in different fields, e.g., clinical, pharmaceutical,

biochemical and environmental analyses, especially of drugs, food and multicom-

ponent organic and inorganic mixtures. General analytical applications of UV/vis-

ible derivative spectrophotometry has been reviewed for the period till 1993.7,8

As with any measurement technique, it is possible that derivative measure-

ments, if used incorrectly,may actually introduce errors larger thanwould have been

observed without its use. A basic understanding of the derivative concept will

minimize this possibility.

The main purpose of this paper is to present the basic characteristics of

derivative spectrophotometry and to review the general analytical applications of

DS introduced during the last five years (since 1994). In addition, the application

of DS for the determination of equilibrium constants is reported.

2. BASIC CHARACTERISTICS OF DERIVATIVE SPECTROPHOTOMETRY

2.1. Increase of spectra resolution

The main characteristic of DS, the enhancement of the resolution of overlap-

ping spectral bands, is the consequence of differentiation which discriminates

against broad bands in favour of a sharp peak to an extent which increases parallel

to the derivative order.5 This property depends on the intrinsic band-width. For two

representative simple band shapes, Gaussian and Lorentzian, which are typical of

the type encountered in practical spectroscopy, the amplitude in the n-th derivative

order (nD) is inversely related to the n-th power of the band-width (W) of the original

spectrum:

n
D ∝ 

1
Wn (1)
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Thus, if two bands (X and Y) are of the same intensity, but of different width,

the derivative amplitude of the sharper band (X) is greater than that of the broader

one (Y) by a factor that increases with increasing derivative order:

n
D(X)

n
D(Y)

 ∝ 




WY

WX





n

(2)

The relative increase of the amplitude of the sharper band compared to that of

the broader one in higher derivatives, represents the most important factor respon-

sible for the increase of sensitivity and selectivity in DS (Fig. 1). Unfortunately,

instrument noise, which increases with derivative order, represents a limiting

practical factor.

2.2. Elimination of the influence of baseline shift and matrix interferences

Qualitative and quantitative investigations of broad spectra are frequently
difficult, especially where the measurement of small absorbances is concerned,
because of uncontrollable baseline shift, great blank absorption and matrix interfer-
ences, regardless of whether they are caused by irrelevant absorption of light
scattering by turbid solutions and suspensions.All these influences can be overcome
by derivatisation (Figs. 2 and 3). The order of derivatisation depends on the order
of the polynomial function used to describe interferences.5,9,10 In general, if n

Fig. 1. Effect of derivative order

(zeroth, second and fourth) on the

relative amplitudes of two coinci-

dent Gaussian bands, X and Y, of

equal intensity but with a band-

width ratio 1:3.
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represents the highest degree of the polynomial equation used to define an interfer-
ence, then the interference is reduced to a constant by using the n-th order derivative
and is completely eliminated in the (n+1)th derivative:

P = ao + a1λ + a2λ2 + .... + anλn (3)

dnP
dλn

 = n!an
(4)

d(n+1)P
dλ(n+1)  = 0

(5)

Fig. 2. Reduction of baseline shift and tilt by the derivative technique. Left, normal spectra, three

scans with different baseline shifts and tilts but identical chromophore absorption: right, second de-

rivatives of these three scans superimposed exactly.

Fig. 3. Reduction in the effect of

a curved baseline by the deriva-

tive technique. (A) Chromophore

absorption alone; (B) observed

absorption of chromophore super-

imposed on baseline; (----) base-

line alone.

Normal

spectra
Second derivatives
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In many cases, matrix interference can be approximated by a linear or

quadratic function. When interference can be described by a linear function (P = aλ
+ b), the first derivative yields a function where the interference is reduced to a

constant (dP/dλ = a) and in the second order derivative transformation the interfer-

ence is completely eliminated (d2P/dλ2 = 0).

2.3. Enhancement of the detectability of minor spectral features

Derivatisation of broad spectra increases both the possibility of detection and

measurement of minor spectral features and discrimination against interference.

Also, it should be kept in mind that derivative transformation of broad spectra does

not increase the number of intrinsic data (as a matter of fact, some could be lost as

a constant factor) but visually enhances subtle changes in them. Besides qualitative

information, this provides wide possibilities for quantitative analysis in cases when

the main peak is obscured by an intensive interfering peak (Fig. 3) and for analysis

of multicomponent mixtures. Although, a great number of theoretical and practical

investigations11�14 has been developed so far, a general approach to the application

of DS in quantitative analysis is impossible, because each combination of bands and

the degree of their overlapping tends to be an individual case.

2.4. Precise determination of the positions of absorption maxima

When a single-peak spectrumhas a broad band as itsmain feature, the position

of the absorption maximum can be only approximately determined. The first

derivative of this band (dA/dλ) passes through zero at the peakmaximum,minimum

and shoulder points (Fig. 4) and can be used to accurately locate the peak position.15

In contrast, the second and higher even derivatives (d2A/dλ2, d4A/dλ4, ...) contain

Fig. 4. Characteristic profiles of derivative orders of a Gaussian band.
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a peak of changeable sign (negative in the second order, positive in the fourth order,

etc.) which has the same position as a peak maximum in the normal spectrum. The

width of this peak progressively decreaseswith increasing order of the even derivative,

which causes a sharpening of the peak enabling its exact identification.However, every

even derivative peak is accompanied by symmetrical satellites of the opposite sign, the

number of which is equal to the derivative order. In higher order derivatives (n ≥ 6) the

satellites of adjacent bands may interfere, thus limiting the observed resolution. Also,

during differentiation of synthesised spectral profiles, peaks of certain components

might be shifted, compared to their original positions.14

2.5. Signal-to-noise ratio (SNR)

The main disadvantage of the derivative technique is that the SNR becomes

worse as the order of the derivative increases.16 A detailed study on the effect of

derivatisation on the SNR, together with a general approach for the optimisation of

the SNR on examples of Gaussian and Lorentzian bands has been described by

O�Haver.17,18 The noise of the zeroth-order derivative may be expressed as the

standard deviation σo of all the elements in a series consisting only of noise, i.e.,

when there is no signal. The standard deviation of the n-th order derivative σn can

be calculated by usual the rules for error propagation. The relative SNR of the n-th

derivative without smoothing is given by the following expression:

(SNR)n

(SNR)o
 = 

Cn

Mn

(6)

where Cn is a constant which depends on the derivative order and the type of the
band; (SNR)o represents the SNR of the unsmoothed zeroth derivative; M is the
number of points in the peak full-width at half maximum (FWHM). For example,
if M = 10 the relative SNR of the first four derivatives are 0.20, 0.032, 0.008 and
0.0017 in Gaussian bands and 0.18, 0.041, 0.017 and 0.0064 in Lorentzian bands.
Clearly, if M is large, the SNR of higher derivatives will be very poor even if the
SNR of the original spectrum is satisfactory. Therefore, the practical derivative
technique includes a certain degree of low-pass filtering or smoothing to control the
noise increase which is an inevitable consequence of a noisy signal differentiation.
The effect of smoothing a peak-type signal is to reduce the noise, which is desirable
and to distort the signal, which is undesirable but unavoidable. The distortion is seen
as an attenuation in the peak height and a slight increase in the peak width. The
extent of this distortion depends on the smoothing ratio (the ratio of width of the
smooth to theFWHM) and the number of times that the smoothing is passed through
the data series (the sliding average and the quadratic-cubic types of smoothing
function require n+1 passes for the n-th derivative). The trade-off between peak-
height attenuation and the relative SNR as a function of smoothing ratio is illustrated
in Fig. 5 for the second derivative of a Gaussian band.

The selection of the optimum smoothing ratio depends on the purpose for the
application of derivative technique. When used for the purpose of resolution

462 POPOVI], PFENDT and STEFANOVI]



enhancement, a relatively small smoothing ratio will assure that a small loss in
effective resolution will result. In such a case a significant loss in the SNRwill have
to be tolerated. In quantitative applications, when the derivative technique is used
to remove or reduce a broad-band background, significantly larger smoothing ratios
may be profitably employed.

Since the origin of noise can be different, depending on both the instrument

and the sample, the smoothing process involves optimisation of all available

instrumental parameters (full-scale response, slit width, scan speed, absorbance

units) to be used for a particular problem on a particular instrument.10,14

2.6. Quantitative analysis

The application of DS for quantitative analyses is based on the same require-

ments as normal spectrophotometry, i.e., the validity of Beer�s law and the additivity

of absorbances.15 For the derivative spectra of the n-th order at a wavelength λ,
these laws can be represented by the following equations:

 
n
D = 

dnA
dλn

 = 
dnε
dλn

 cb
(7)

nD(T) = nD(X) + nD(Y) + ... (8)

where A is the absorbance, ε represents the molar absorptivity, c the concentration,

b the path length and
n

D(T) the total derivative amplitude, which is equal to the

algebraic sum of each absorbing component X, Y, etc. The application of these laws

is based on a previous choice of optimal conditions, which include the selection of

the most appropriate analytical bands, the suitable derivative order, the method of

measurement and optimisation of all significant instrumental parameters. The most

Fig. 5. Attenuation factor (1) and

relative signal to noise ratio (2) as

a function of the smoothing ratio

for the second derivative of a

Gaussian band.
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important methods used for the construction of a calibration curve are: peak-peak,

peak-baseline, peak-tangent and zero-crossing (Figs. 6 and 7).
15,19

Sometimes,

numerical methods of measurement, such as derivatisation of the "ratio spectra",

are used.
20

The measurement method of choice, in practice, would be the one

showing the best linear dependence on the concentration of the analyte, a zero or

near zero intercept at the origin and be the least influenced by the concentration of

any other component.

The usage of more than one derivative order in a particular case, as well as

the measurement of the amplitude at several wavelengths, caused the need for the

introduction of a notation rule for the amplitude values. Fasandamade and Fell10

proposed a generally applicable method. The letter D is used to indicate that the

amplitude of the peak has been measured in the derivative domain. The order of

Fig. 6. Graphical measures for amplitudes in

derivative spectrophotometry: (p) peak-peak

method; (t) peak-tangent method; (z) peak-

-baseline method.

Fig. 7. Use of the zero-crossing

technique to allow quantitation of

one chromphore (X) overlapped

by the absorption band of another

chromophore (Y).
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derivative is specified by a leading superscript to the letter D, e.g., 1D,
2D,

3D. The

two wavelengths between which the derivative peak is measured are specified by

subscripts separated by a comma. The first wavelength corresponds to the more

positive amplitude value while the second one defines position of themore negative

value. The peak ismeasuredwith respect to the zero baseline at the samewavelength

and only one wavelength needs to be specified.

Derivative spectrophotometry is widely applied in inorganic and organic

analysis, toxicology, clinical analysis, analysis of pharmaceutical products, amino

acids and proteins, in analysis of food and in environmental chemistry. In general,

the application of derivative spectrophotometry is not limited to any particular case

or field, but can be usedwhenever qualitative or quantitative investigations of broad

spectra are difficult.

3. ANALYTICALAPPLICATION

3.1. Inorganic analysis

Due to its increased selectivity and sensitivity compared to classic spectro-

photometry, DS is especially widely applied in inorganic chemistry for the simul-

taneous determination of trace elements of similar chemical properties present in

mixtures at different concentration levels. For this purpose, the first and the second

order derivative are usually used, although in some cases higher-order derivatives

provide more reliable results.21,22

Most of the DSmethods aimed at the simultaneous determination of inorganic

substances were developed till �90s,7,8 but scientific interest directed towards

further developments and improvements of these approaches is still intensive, since

DS frequently represents the method of choice for the determination of inorganic

substances.

A first-order derivative method was described for the simultaneous determi-

nation of mixtures containing nickel, copper and zinc,23 and cobalt, nickel, copper,

zinc and iron24 using PAR as the chromogenic reagent. The same reagent was

applied in a second-order derivative method for the determination of nickel(II)

(0.2�1.25 ppm) and cobalt(II) (0.25�1.25 ppm) in a mixture.25 Mathew et al.26

developed a first-order derivative method for the simultaneous determination of

copper (0.0125�0.25 µ/ml), mercury (0.025�0.25 µg/ml) and lead (0.025�0.25

µg/ml) using dithizon as the reagent. Based on the three-component color system

of 2-(5-bromo-2-pyridylazo)-5-(diethylamino)phenol, cetylpyridinium bromide and

manganese, copper and zinc in an aluminium alloy, a DSmethod was developed for

the analysis of this alloy.27 The determination of the aluminium content in some

pharmaceuticals was achieved by derivatisation of the spectrum of the complex of

aluminium and oxine-5-sulphonic acid at pH 4�5.28 Also, the estimation of nic-

kel(II) (detection limit 0.2 ng/ml) in the presence of cobalt was performed by

applying first-order DS on the complex of nickel and 2-(5-bromo-2-pyridylazo)(5-
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diethylamino)phenol in the presence of Triton X-100.29 In addition, application of DS

served to develop methods for Cu(II) (detection limit 4.0 ng/ml) determination in

non-ionicmicellar mediumwith 1-(2-pyridylazo)-2-naphthol (PAN) in the presence of

theneutralsurfactantTritonX-100.30Themethodhasbeenappliedin thequalitycontrol

of numerous commercially available alcohol beverages, biological samples and stand-

ard alloys. Taher et al.31 used the same reagent (PAN) to measure iridium after

preconcentration of its complex onmicrocrystalline naphthalene and the application of

first orderDS diminished the detection limit to 20 ppb.Different parameters significant

for the optimization of the experimental conditions have been studied in relation to the

determination of iridium in synthetic samples corresponding to various standard alloys

and environmental samples. Besides, a very sensitive and selective DS method for the

measurement of palladium(II) in the form of its complex with a novel reagent pyri-

dopyridazine dithion (PPD)32 has been developed.32The detection limit determined by

normal spectrophotometry was 0.2 µg/ml (0.1 µg/ml in the presence of Triton X-100),

while the significantly lower detection limit of 3.7 ng/ml was achieved using the

fourth-order derivative mode. The method is free from interference by most common

metal ions and anions and it was successfully applied to the determination of palladium

present in activated charcoal. A first-order DSmethod for the simultaneous determina-

tion of Pd(II) and Co(II) with diethylenetriamine pentaacetic acid (DTPA) has been

developed by Perez-Iglesias et al.33

Second-order DSwas applied in the determination of neodymium, holmium and
erbium in mixed rare earths by norfloxacin.34 The RSDs were 1.0, 1.4 and 1.1% for

6.9×10�5 mol/l nD, 6.1×10�5 mol/l Ho and 6.0×10�5 mol/l Er, respectively. This
procedure was also used to measure small amounts of dysprosium, holmium and
erbium.35 First order DS was applied for the determination of nickel in alloys and
biological samples after preconcentration with the ion pair of 2-nitroso-1-naphthol-4-
sulphonicacidand tetradecyldimethylbenzylammoniumchlorideontomicrocrystalline

naphthalene or by a column method.36Detection limit was found to be 0.3 µg/ml. For
the optimization of the experimental conditions in the determination of nickel in
standard alloys and biological samples, different parameters have been examined. DS
methods for the estimation of microamounts of nickel and aluminium in alloys have
been developed applying 2-(5-bromo-2-pyridylazo)-5-phenol as the reagent.37 The
matrix Al and co-alloying elements Ti, Mn, Zn, Mg, Pb, Sn, V, Ga, Zr, rare earths, Cu,
Fe, Co, were masked with F�, tartarate, Na2S2O3, thiourea, pyrophosphate or nitrite.
The RDS was <7% and the recovery 97�105%. A derivative double wavelength
photometric method was developed for the simultaneous determination of cobalt and
nickel in heavy oil.38OP-5-Br-PADAPwas used as the colour-developing systemafter
the separation of the interfering elements. TheRSD for the determination of Co and Ni
was 2.8�7.8% and the recovery 94.0�100.0%.

3.2. Organic and pharmaceutical analyses

Methods for the determination of organic substances by theDS technique have

been developed mainly for application in the analysis of pharmaceuticals and/or

466 POPOVI], PFENDT and STEFANOVI]



clinically and biochemically interesting systems. The interference of the formula-

tion excipients or otherUV-absorbing components, such as co-formulated drugs and

degradation products, usual in conventional UV-spectrophotometry can be success-

fully eliminated by the DS technique.

A veriety of procedures that render the DS determination of drugs more
specific and sensitive, regardless of whether they are determined as single com-
pounds or in mixtures, have been published.

First- and second-order DS methods have been proposed for the assay of the
antiinflammatory drugs fentiazac, flufenamic acid, tiaprofenic acid and proqua-
zone.39 Similar methods have been developed for the determination of several other

drugs alone, such as metronidazole (1�20 µg/ml) in tablets,40 carboplatin (≤ 150

µg/ml),41 anthralin in ointments42 and paracetamol in blood sera.43

Aspirin, phenacetin and caffeine in analgesic tablets have been determined by
zerocrossingderivative spectrophotometry.44Chlorpheniraminemaleate, codeine pho-
sphate and ephedrine hydrochloride have been estimated without separation using
second-order DS. Chlorpheniramine maleate (0.001�0.08 mg/ml) and codeine phos-
phate (0.001�0.4 mg/ml) were measured simultaneously, while ephedrine hydrochlo-
ride (0.005�1.80 mg/ml) was determined after oxidation with sodium periodate.45 For
quality control of pharmaceutical preparations containing clozapine, two analytical

procedures were developed � HPLC (5�150 µg/ml) and DS (5�50 µg/ml) suitable for
different levels of the drug.46

Numerous papers published so far are related to analyses of drugs inmixtures.
Thus, methods for determination of paracetamol and phenoprobamate by first-order
DS,47 mixtures of cocaine, procaine and lidocaine in pulver samples by second-or-

der DS,48 paracetamol (10�40 µg/ml) and caffeine (1�3 µg/ml) in tablets by first-
and second-order DS,49 acetylsalicylic acid and free salicylic acid in sustained
release tablets,50 cetrimide and chlorhexidine glyconate in antiseptic solutions by
first-order DS51 have been described. Fourth-order DS procedures have been used
for the determination of clopramide and pindolol in tablets,52 lidocaine hydrochlo-
ride and 5-nitrox in liquid formulations.53 also, DS methods have been described
for the assay of phenobarbitone in mixtures with oxyphenonium bromide and
meprobramate, paracetamol, or acetylsalicylic acid (first and second order),54

procaine hydrochloride with benzoic acid, pyridoxine hydrochloride, 4-aminoben-

zoic acid,55 0.5�14 µg/ml sulfanilamide and 1�20 µg/ml sulfadiazine (third DS)56

and sulfamethoxazole and trimethoprim (second order DS).57

Derivative procedures reported for vitamin mixtures are concerned with
pyridoxine hydrochloride and thiamine hydrochloride in tablets (first and third

order),58 vitamins B6 (0.2 µg/ml), B1 (0.46 µg/ml); and B12 (0.22 µg/ml), uridine

5�-triphosphate (0.2 µg/ml) in injections (second order),59 and sodium salicylate,
thiamine hydrochloride and ascorbic acid in visalicyl tablets (first and second
order).60First-derivativemeasurements have been used to determine benzimidazole
and cinnamate, as well as benzophenone derivatives in order to characterize sun-
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screens in cosmetic formulations.61First- and second-orderDS have been described
for evaluating bilirubin, albumin and oxyhemoglobin in amnionic fluid.62

First-order DS was used for the determination of intact ceftazidime (5�50

µg/ml), cefuroxime sodium (5�35 µg/ml) and cefotaxime sodium (5�40 µg/ml) in
the presence of their degradation products.63 Second- and trird-order DSwere used for
theestimationof acyclovir in thepresenceofguanine (main impurity) andof diloxanide
furoate in the presence of diloxanide (a degradation product).64 The accuracy of the
proposed method was found to be better than that of a classical approach.

For a simultaneous determination of acetaminophen and phenobarbital after their
extraction from the corresponding suppositories with borate buffer, pH 10, a first-order
DS method was developed.65 In addition, a new spectrophotometric method was elabo-
rated for the simultaneous analysis of a ternarymixture containingmetamizole, paraceta-
mol and caffeine.66 This method is based on the use of the ratio spectrum derivative
obtainedbydividingtheabsorptionspectrumoftheternarymixturebyastandardspectrum
of a mixture containing two of the theree compounds in the title mixture. This method
applied for the assay of tablets was compared with the alternative spectrophotometric
method. First- (zero-crossing) and fourth-order (amplitude-baseline) DS methods for
determination of triamterene and hydrochlorothiazide, respectively, in combined tablets
have also been described.67Afirst-orderDSmethod has been developed for the simulta-
neous determination of rifamycin SV sodium and lidocaine hydrochloride in injection
solutions.68 The simultaneous determination of ethinyl estradiol and norgestrel in tablets
utilizing first-order DS has been reported,69 as well.

Besides, three accurate and simple methods (first-order DS, simultaneous
equation and multicomponent mode) for the simultaneous determination of tinida-
zole and furazolidone in tablet formulations have been developed.70

Amethod for the simultaneous determination ofmelatonin-pyridoxine combina-
tion in tablets by the zero-crossing technique of the first- and second-orderDS has been
reported (RSD < 2%). This method was successfully applied for the determination of
both drugs present in laboratory prepared mixtures and in tablets.71 For the evaluation
of diclofenac and benzyl alcohol as an excipient in injectable formulations, the first-
and second-order DS method using the zero-crossing technique has been described.72

In addition, three newmethods (first-orderDS, ratio spectraDS andVierordt�smethod)
for the quantitative analysis of tablet formulations containing pseudoephedrine hydro-
chloride and triprolidine hydrochloride were developed and compared.73 A rapid,
simple and direct assay procedure based on first-order DS using zero-crossing and
peak-to-basemeasurements for the determination of dextromethorphanHBr (detection

limit 0.033 µg/ml) and bromhexine HCl (detection limit 0.103 µg/ml) has also been
developed.74 Further, a simple and economical DS procedure was developed for the
simultaneous determination of indomethacin and paracepamol in combined dosage
forms.75Applying the zero-crossing techniqueof the second-orderDS amethod for the
determination of 1,4-benzodiazepin, midazolam76 and lorazepam77 in tablets was
developed.Midazolamwas estimated in the presenceofmaleic acidas acoformulation,
while lorazepam was measured in the presence of degradation products.
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Finally, the simultaneous derivative spectrophotometric technique was applied
for the determination of various organic compounds, such as the pesticides atrazine

(1�15 µg/ml), diurion (1�10 µg/ml) and chlorpyrofos (1�10 µg/ml) in groundwaters
and soil,78,79 sodium o-nitrophenolate, sodium p-nitrophenolate and 2-methoxy-5-ni-
trophenolate in plant and animal growth regulators,80 tyrosine, tryptophan and phenyl-
alanine81 and phenol and cresol in the presence of pyrocatechol and resorcinol.82Using
the first- and second-order derivatives of the spectra ratio, a method for the analysis of
binary mixtures of the flavonoids chrisin and quercetin has been described.83 A
third-derivative method using the zero-crossing technique has been employed for the
simultaneous determination of (dimethylamino)-ethyl[o-chloro-p-(dimethylamino)sul-
fonylphenoxy]acetate hydrochloride and its major hydrolytic decomposition product
o-chloro-p-(dimethylamino)sulfonylphenoxy acetic acid.84 Amultiwavelength linear
regression derivative spectrophotometric method for the determination of phenol,
hydroquinone and catechol has also been described.85

3.3. Analysis of food and water

Various derivative methods have been developed for the analysis of food. A
simple extraction-first order DS method for the determination of tartrazine (up to

3.0 µg/ml) and Sunset Yellow (up 3.6 µg/ml) in commercially avaiable products has
been described.86First-orderDSwas applied also for the determination of tartrazine
in the presence of amaranth or carmoisine in different sugar candy samples.87 A
very simple method for resolving ternary mixtures of food colorants, such as
tartrazine, Sunset Yellow and Ponceau 4R, by using the first derivative of the ratio
spectra with measurements at the zero-crossing wavelength has been described.88

This method was applied for the analysis of synthetic mixtures of these colorants in
different ratios with recoveries in the 94�105% range. Several other derivative
methods have dealt with the simultaneous determination of colorants and dyes in
mixtures such as carminic acid, riboflavin and erytrosine in yoghurt samples89 and

tetrazine, riboflavin, curcumin and eritrosine.90

For detection of aromatic hydrocarbons in water samples, derivatives of the
transmission spectrumwith respect to wavelength were used.91 This method has an
enhanced signal-to-noise ratio due to the generation of the derivatives in an optical
manner. As examples of the application, monitoring of water samples for the
presence of aromatic hydrocarbons, e.g., benzene, toluene and xylene, as well as
process control in the chemical industry, were described.

3.4. Application of derivative spectrophotometry for the determination of equilib-
rium constants

It is rather difficult to apply classical spectrophotometric methods for the
determination of ionization constants when the ionization of the examined com-
pounds is accompanied by minor changes in the absorption spectra. To solve this
problem, the application of DS can be very suitable because the increased resolution
of DS enables both the detection and determination of components in multicompo-
nent systems even if their spectra overlap strongly.
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Levillain and Fompeydie92 used this DS characteristic to study the acid-base

equilibrium of eosin which represents a diprotic acid with strong overlapping of both the

spectraand the ionizationconstants.Due to the fact that themolecular formofeosin (EH2)

is colorless, these authors applied first-order DS employing zero-crossingmeasurements

tomonitor thepH-dependent concentrationof themono- (EH�)anddianionic (E2�) forms

of eosin and the values obtained served to calculate the equilibrium constants.

In contrast to the method proposed which is limited to zero-crossingmeasure-

ments, the most general DS method for the determination of acidity constants, free

of limitations with respect to the order of the derivative and the method of acidity

constants, free of limitations with respect to the order of the derivative and the

method of measurement has been developed by Popovi} and Pfendt.93 This method

is based on the same conditions as classical spectrophtometry, i.e., on the validity

of Beer�s law and absorbance aditivity. Various variations of the proposed method,

whichmake the determination of the constants possible by usingdifferentmeasuring

methods (peak-base line and zero-crossing methods), are given.

SUMMARY

The general aspects of derivative spectrophotometry (DS) and its adventages and

limitations with respect to normal spectrophotometry are considered. A review of the

analytical application ofDS in different fields, e.g., inorganic, organic, pharmaceutical,

environmental and food analysis as well as chemical equilibria, is given.
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Razmatrani su osnovni principi derivativne spektrofotometrije (DS) i wene

prednosti i ograni~ewa u odnosu na normalnu spektrofotometriju. Dat je pregled

analiti~ke primene DS u razli~itim oblastima: neorganskoj i organskoj analizi,

analizi farmaceutskih preparata, klini~koj analizi, analizi hrane, hemije �ivotne

sredine, hemijskoj ravnote�i.
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