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MOLECULAR MODELING IN COMPOUNDS SERIES WITH DESCRIPTORS 

FAMILIES 
  

Lorentz JÄNTSCHI1 and Sorana D. BOLBOACĂ2 
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1Babeş-Bolyai University of Cluj-Napoca, Department of Chemistry (associate) 
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Lorentz.Jantschi@gmail.com, SBolboaca@gmail.com   
 
 

Abstract: A series of families of molecular descriptors were designed and used to relate the structural 

information with measured properties and activities for different series of chemical compounds. Here are 

revised the methodology for the calculation of the molecular descriptors with FPIF, MDF, MDFV, SAPF 

and SMPI families.  

Key words: Descriptors families; FPIF (fragmental property index family); MDF (molecular 

descriptors family); MDFV (molecular descriptors family - vertex); SAPF (structural atomic property 

family); SMPI (Szeged matrix property indices). 
 
 

INTRODUCTION 
 First steps to the molecular models are 

recorded in 1861 (Loschmidt 18611). Today 

molecular modelling involves theoretical methods 

and computational techniques for pushing further 

(see Rhinehardt et al. 20152) the knowledge about 

the molecular structure. 

 When series of compounds are involved, then 

the expected result of a model is to provide a 

function or a relation between the structure and 

macroscopic observed behaviour of the 

molecules. Strategies like docking (Taha et al. 

20153), assaying (Peng et al. 20154) and mapping 

(Radwan & Abdel-Mageed 20145) are involved 

to better exploit the feature of the systematic 

experimental observation. 

 The strategies to develop families of 

descriptors began to attract concerns (see Kihl et 

al. 20156). 

 Here a short survey of the families of 

molecular descriptors developed by the authors is 

given. 
 

THE EXPERIMENTAL MEASUREMENTS 
 Modelling the molecular structure is the way 

of understanding of the microscopic level and its 

expression at the macroscopic one level. The 

accessing of the microscopic level is via 

measurements (see Fig. 1). 
 

Observer 

Observation 

Informational Space 

(set possibly ordered) 

Recording 

Observable 

(element) 

Observing space 

(set) 

Measurement 

Observed (property) 

Domain Codomain 

Measurement function 

  
Fig. 1. Encoding the information from 

measurements 

 In regard of the measurements, there are many 

ways of expressing the encoded information, 

differing one from each other by the quality of the 

representation. 

 Thus, the primary measurement scale is 

binomial which encodes (in the informational 

space) logical values having as allowed 

operations equality ("=") and negation ("!") 

providing a structure of Boolean algebra (Boole 

18547). Mode and Fisher exact (Fisher 19228) are 

the allowable statistics on, and examples of 

measurements associated with the encoded values 

are distinguishing between dead and alive, and 

looking for occurrences of the sides of a coin. 

 (Multi)nomi(n)al scale uses a finite and known 

series of unordered values to record the 

observations, being a discrete scale and having 

allowed the test for equality ("=") providing a 

structure of a standard set. One statistic have a 

clear meaning on the values measured on this 

scale - mode - and comparisons between series of 

measurements using this scale can be conducted 

with Chi-square test (Pearson 19009). Examples 

of measurements expressed with this scale include 

'ABO' blood group system, but also the 

classification of living organisms. 

 Ordinal scale is encoding discrete values and 

the allowed operations include the test for equality 

("=") and (strict) inequality ("<") providing a 

structure of commutative algebra (Krull 193510). 

The allowable statistic is the median and on the 

information collected with this scale is possible 

the ranking. An example of information collected 

using this scale is the number of atoms in 

molecules. 

 Interval scale provides continuous values 

mailto:Lorentz.Jantschi@gmail.com
mailto:SBolboaca@gmail.com
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implicitly falling into an interval or domain. As 

operations is possible to do comparisons using 

inequality operator ("≤") as well as to do 

subtractions. It provides a structure of one-

dimensional affine space (Berwald 191811), 

having allowed calculating of the mean, standard 

deviation, correlation, regression, and ANOVA. 

Examples include measurements of temperature, 

distance, time, and energy. 

 Ratio scale provides too continuous values on 

non-negative domain having as allowed 

operations inequality ("≤"), subtraction ("-") and 

multiplication ("*"). It provides a structure of a 

one-dimensional vector space (Bolzano 180412) 

having allowed the most comprehensive list of 

statistics including geometric and harmonic 

means, coefficient of variation, doing of 

logarithms (Napier 161413), and examples include 

chemical and biological measurements such as 

pH and sweetness relative to sucrose. 

 

THE CHEMICAL STRUCTURE 

 Molecular modelling requires and is feed with 

measurements. If on one hand stays the measured 

values, on the other hand stays the chemical 

structure (see Fig. 2). 
          

- Universe 

  - Radiant energy 

    + Radiations such as β, γ 

  -  M a t t e r  

    -  B o d y  

      -  M a t e r i a l s  e n s e m b l e  

        -  M a t e r i a l s  

          -  M i x t u r e  o f  s u b s t a n c e s  

            +  H e t e r o g e n e o u s  s u b s t a n c e s  

            -  S o l u t i o n  

              +  A l l o y  

            -  H o m o g e n o u s  s u b s t a n c e s  

              +  C h e m i c a l  c o m p o u n d  

                    

 
 

     

      

- Chemical compound 

 - Empirical formula 

  - Molecular formula 

   - Structural formula 

    - Geometrical formula 
      

 
 

Fig. 2. To the layers of the chemical structure 
 

 If the Universe is seen as the whole observing 

space (see Fig. 2) then radiant energy 

differentiates as having a velocity comparable 

with light velocity (relativistic velocity) grouping 

radiations such as β, γ, being differentiated 

through properties. The other main group contains 

the matter seen as the whole non-relativistic 

observing space in which the body is seen as 

having the velocity much less than the velocity of 

light. It contains materials ensemble with possibly 

variable and discontinue (chemical) composition. 

Going deeper in the classification, on the next 

layer stays materials with variable and continue 

(chemical) composition which generally groups 

mixtures of substances possessing well defined 

chemical composition from which homogenous 

substances have constant (chemical) composition, 

to finally arrive at chemical compound concept 

with well defined and unique chemical 

composition. From this point on we may start to 

discuss about the chemical structure, and an 

empirical formula provides the ratio between the 

atoms in the compound, the molecular formula 

provides further the number of atoms from each 

type in the molecule, the structural formula

 reveals the structural groups in the molecule 

and finally geometrical formula defines the 

relative arrangement of the atoms in the molecule. 

Although it is the last refinement level, sometimes 

(actually quite often) the geometrical formula 

may degenerate too being well known the 

geometrical isomerism (see Warder 189014). 

Namely, knowing the distances between the 

atoms and the angles between them we still don't 

have enough knowledge to define a unique 

chemical structure, which in some cases may be 

problematic. 

 

MOLECULAR MODELLING 

 Modelling the molecular structure is a 

prerequisite for structure-activity inference 

analysis. Building of a three-dimensional model 

(3D) is necessary when the calculated descriptors 

on the structure use the geometry of the molecule. 

Obtaining the 3D model can be achieved using a 

molecular modelling program (see Table 1 for a 

short list of). 

Tab. 1. Molecular modelling software 
Name Provider website 

Abalone http://biomolecular-modeling.com   

ADF http://scm.com  

ChemBioOffice http://cambridgesoft.com  

Gaussian http://gaussian.com  

HyperChem http://hyper.com  

Materials Studio http://accelrys.com  

Q-Chem http://q-chem.com  

Spartan http://wavefun.com  

 

 When certain software (as given above) is 

used, sometimes conversions between different 

formats storing the chemical information are 

useful, as well as it helps some software for 

visualising (only) of the obtained models (see 

Table 2 for a short list of). 

Tab. 2. Molecular modelling auxiliary software 
Name Intend 

GLmol Browser based visualization 

Jmol Java applet for visualization 

MDL Chime Browser plugin for visualization 

Open Babel conversions   

PyMOL Python application for visualization 

RasMol GNU GPL application for visualization 

WebQC conversions 

  

http://biomolecular-modeling.com/
http://scm.com/
http://cambridgesoft.com/
http://gaussian.com/
http://hyper.com/
http://accelrys.com/
http://q-chem.com/
http://wavefun.com/
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Obtaining of the 3D model of the molecule 

involves a series of steps, as given below: 

 Constructing of the topology, namely 

specification of the atoms by atom type and 

of the bonds by bond order; 

 Building of a 3D arrangement, when typical 

routines possibly including molecular 

mechanics force fields, such as are CHARM 

(Brooks et al. 198315), AMBER (Cornell et 

al., 199516), MMFF94 (see Halgren 199617), 

and OPLS (Jorgensen & Tirado-Rives 

199818); 

 Refining of the 3D arrangement may involve 

semi-empirical methods, such as are AM1 

(Dewar et al. 198519), PM3 (Stewart 198920), 

RM1 (Rocha et al. 200621) and PM6 

(Stewart 200722). 

 Further refining of the geometry with DFT 

(density functional theory) approaches 

including HF (Hartree-Fock, see Hartree 

192823 & Fock 193024), post-HF - such as 

are perturbation theory (Møller & Plesset 

1934 25), coupled cluster (Purvis & Bartlett 

198226), configuration interaction (Maurice 

& Head-Gordon 199927), and composite 

methods (Ohlinger et al. 200928) and KS 

(Kohn-Sham, see Kohn & Sham 196529) - 

such as are LDA (Parr & Yang 199430), 

GGA (Perdew et al. 199231) and PBE 

(Perdew et al. 199632); 

 Special precautions at building and of refining 

of the 3D model should be given to the structures 

with geometrical isomers, because during the 

geometrical optimization the passing from one 

geometrical conformation to another is quite often 

encountered. 

 One of the outcomes of the molecular 

modelling is the charge distribution over the 

atoms in the molecule, or partial charges. 

Different approaches are available: 

 Born (see Born & Goppert-Mayer 193133); 

 Callen (see Callen 194934); 

 Szigeti (see Szigeti 194935); 

 Mulliken (see Mulliken 195536 and 

thereafter); 

 Coulson (see Coulson et al. 196237); 

 Politzer (see Politzer 196838) 

 Löwdin (see Löwdin 197039); 

 Hirshfeld (see Hirshfeld 197740); 

 Cioslowski (see Cioslowski 198941); 

 Bader (see Bader  199042); 

 Optimization method based electrostatic 

potentials (see for instance Wang & Ford 

199443). 

 Along with the partial charges, the outcome of 

the molecular modelling includes the (relative) 

coordinates of the atoms (usually given in Å), the 

bonds and their types (see Tab. 3). 

Tab. 3. Typical information from modelling 

The list of the atoms 

Label Type Coordinates (x, y, z) Partial charge 
 

The list of the bonds 

Atom Label Atom Label Bond type or order 
 

 

 Usually the methodology for relating the 

structure with the experimental measurements in 

series of compounds uses the molecular structure 

in which the hydrogen atoms are neglected 

(deleted). Some of the reasons are given in the 

next: 

 biological activities determined in vivo have 

as environment (medium) aqueous solutions 

in which processes of (partial) dissociation in 

which the hydrogen atoms pass in the form 

of protons in solution, leaving the place 

occupied in the molecular structure; 

 hydrogen atoms can form a single bond; if 

they are deleted, excepting their geometrical 

position information can always be rebuilt;  

 because form a single bond, the hydrogen 

atoms do not contribute to the complexity of 

molecular (not create chains and branches 

are just terminals for the structure); 

 deleting of the hydrogen atoms reduces the 

amount of calculations for a certain structure; 

considering only an alkane of the general 

formula CnH2n+2, removing the hydrogen 

atoms reduces the complexity of the 

topology to 1/9 (a topological matrix records 

values for each pair of atoms and the atoms 

are about one third less). 

 

MOLECULAR DESCRIPTORS FAMILIES 

 FPIF (from Fragmental Property Index 

Family; Jäntschi & Diudea, 200044; see Tab. 4) is 

a matrix-based method, in which the matrices 

collects properties derived from structure for 

fragments obtained for each pair of atoms. 

Tab. 4. Code of FPIF descriptors 
Gene IM DM AP PD FC SM MI LO 

G
en

o
m

e 

R T M __p__ si S P_ I 

D G E __d__ se P P2 R 

    C _1/p_ ji A E_ L 

    Q _1/d_ je G E2   

      _p*d_ fi H     

      _p/d_ fe       

      _p/d2         

      p2/d2         

FPIF = IMDMAPPDFCSMMILO 

Ex.: RGseCp2/d2SE2, DGjeP_p/d2GP_ 

 

 It uses dM(a,b) - the topological distance in 

structure M from atom a to atom b; δM(a,b) - the 

topological detour - i.e. longest path - in structure 

M from atom a to atom b; WM(a,b) - set of walks; 

PM(a,b) - set of paths; DM(a,b) - set of distances - 

i.e. shortest paths; ΔM(a,b) - set of detours - i.e. 
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longest paths; M\p - substructure derived from 

structure M when the atoms inside the path p are 

removed from M together with their connections. 

Sets (one or more) of atoms of a molecule M for 

every pair of atoms (a,b) are calculated for every 

of the following (six) set collecting criteria (called 

FC - fragmentation criteria): 

 FC = si: SzDia,b = {c  M | dM(c,a) < 

dM(c,b)}; 

 FC = se: SzDea,b = { c  M | δM(c,a) < 

δM(c,b)}; 

 FC = ji: Cja,b,p when pDM(a,b); 

 FC = je: Cja,b,p when pΔM(a,b); 

 Cf: Cfa,b,p = { c  M | dG\p(c,a) < dG\p(c,b)} 

 FC = fi: CfDia,b = Cfa,b,p when pDM(a,b); 

 FC = fe: CfDea,b = Cfa,b,p when pΔM(a,b), 

where CJa,b,p = {c  M | dM(c,a) < dM(c,b) and w 

 WM(c,a) | {a}=wp}. 

 Four atomic properties (AP an atomic property) 

are taken into calculation: M (AP = M) - as 

relative atomic mass; E (AP = E) as 

electronegativity (Sanderson scale [45]); C (AP = 

C) as (set) cardinality; P (AP = P) as partial charge 

(class I, [46], from Mulliken population analysis 

[47]). Eight property descriptor (PD a property 

descriptor) expressions account atomic properties: 

p (PD = p) - atomic property; d (PD = d) - distance; 

PD = 1/p; PD = 1/d; PD = pd; PD = p/d; PD = p/d2; 

PD= p2/d2. Five overlapping methods (SM - 

superposing method) overlap atomic properties to 

provide the fragmental property: S (SM = S) - 

sum; P (SM = P) - multiplication; A (SM = A) - 

arithmetic mean; G (SM = G) - geometric mean; H 

(SM = H) - harmonic mean. Two models of 

interaction give transform in a vector a descriptor 

(IM - interaction model): R (IM = R) - rare (uses 

the assumption that the property of all atoms are 

approximately located in the fragment centre of 

property - of which position is consequently 

obtained and used to express the descriptor 

vector); D (IM = D) - dense (the effect of each 

atom are superposed using vector summation). 

Two distance metrics (DM - metric of distance) 

provides the distance for expressing the descriptor 

values: T (DM = T) - topological (from 

connectivity) and D (DM = D) - topographical 

(from 3D model of the molecule obtained from 

different levels of theory [48]). Four square-matrix 

based indices (MI - matrix index) collects overall 

molecular property: P_ (MI = P_) - half-sum of 

matrix elements; P2 (MI = P2) - half-sum of 

squared matrix elements; E_ (MI = E_) - half-sum 

of Hadamard product of matrix with adjacency 

matrix; E2 (MI = E2) - half-sum of squared 

Hadamard product of matrix with adjacency 

matrix. Finally, a molecular descriptor is obtained 

via a linearization operator (LO - linearization 

operator) meant to transform nonlinearities to 

linearity at relationships: I (LO = I) - identity 

function; R (LO = R) - reciprocal function 

(f(x)=1/x); L (LO = L) - logarithm function 

(f(x)=ln(x)). Thus, FPIF family of molecular 

descriptors puts together a total number of 

individuals equal with the number of all 

multiplications described above (2·2·4·8·6·5·4·3 

- 46080) - see Tab. 4. 

 MDF (from Molecular Descriptors Family; 

Jäntschi 200449; Jäntschi 200550; see Tab. 5) is a 

method based on molecular fragments obtained 

for pairs of atoms. 

Tab. 5. Code of MDF descriptors 
Gene DM AP ID IM FC SM LO 

G
en

o
m

e 

t C D Q L F r m m A G H I 

g H d q l f R M M a g h i 

  M O J V S m D n B F I A 

  E o j E s M P N b f i a 

  G P K W T d   S P s   L 

  Q p k w t D        l 

MDF = DMAPPDIMFCSFLO 

Ex: lsPRLGg, IhDDDCt 
 

 Similarly with FPIF, MDF it uses two distance 

operators (DO): topological (t) and geometrical 

(g), six atomic properties (AP): cardinality (C), 

number of directly connected hydrogen atoms 

(H), relative atomic mass (M), electronegativity 

(E - Sanderson scale, group electronegativity (G - 

Diudea & Silaghi 198951), partial atomic charge 

(Q - Mulliken, and twenty-four interaction 

descriptors (ID) as follows: D(d), d(1/d), O(p1), 

o(1/p1), P(p1p2), p(1/p1p2), Q(√p1p2), q(1/√p1p2), 

J(p1d), j(1/p1d), K(p1p2d), k(1/p1p2d), L(d√p1p2), 

l(1/d√p1p2), V(p1/d), E(p1/d2), W(p1
2/d), w(p1p2/d), 

F(p1
2/d2), f(p1p2/d2), S(p1

2/d3), s(p1p2/d3), T(p1
2/d4), 

t(p1p2/d4). Interaction were modelled (IM) using 

six functions: R and r - being rare, M and m - 

being medium, and D and d being dense - the 

upper letter encoded one having as reference the 

first atom of the fragment (a in the notation given 

at defining of FPIF) and lower letter nominating 

the reference on the probe atom (b in the notation 

given at defining of FPIF). Fragmentation is 

driven by one fragmentation criterion (FC): m (FC 

= m) - defines smallest fragment containing atom 

a; M (FC = M) - defines largest fragment not 

containing atom b; D (FC = D) - defines so called 

Szeged fragments (closer to atom a than to atom 

b), P (FC = P) - Cluj path based fragments (see 

FPIF definition for the definition of Cluj path 

based fragments - CFa,b,p, pDM(a,b)), nineteen 

overlapping strategies for fragments interaction 

(SF - superposing formula): m (SF = m) - smallest 

value; M (SF = M) - biggest value; n (SF = n) - 

smallest absolute value; N (SF = n) - biggest 

absolute value; S (SF = S) - sum of; A (SF = A) - S 

divided to number of fragments possessing real 

value of descriptor; a (SF = a) - S divided to total 

number of fragments; B (SF = B) - S divided to 

number of atoms; b (SF = b) - S divided to number 
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of bonds; P (SF = P) - product of; G geometric 

mean rooted P as S is divided for A (SF = A); g 

(SF = g) - rooted P as S divided for a (SF = a); F 

(SF = F) - rooted P as S divided for B (SF = B); f 

(SF = f) - rooted P as S divided for b (SF = b); s (SF 

= s) - harmonic sum; H (SF = H), h (SF = h), I (SF 

= I), i (SF = i) harmonic means following same 

procedure from s as G (SF = G), g (SF = g), F (SF 

= F), f (SF = f) were derived as geometric means 

from P and same procedure as for A (SF = A), a 

(SF = a), B (SF = B), b (SF = b) derived as 

arithmetic means from S. Six linearization 

operators (LO) being: I (LO = I) - identity(f(x)=x); 

i (LO = i) - inverse (f(x)=1/x), A (LO = A) - 

absolute of (f(x)=|x|), a (LO = a) inverse of 

absolute of (f(x)=1/|x|), L (LO = L) - logarithm of 

(f(x)=ln(x)) and l (LO = l) - logarithm of absolute 

of (f(x)=ln(|x|)). Thus, MDF puts together a total 

number of individuals equal with the number of 

all multiplications (2∙6∙6∙24∙4∙19∙6 = 787968) - 

see Tab. 5. 

 MDFV (from Molecular Descriptors Family - 

Vertex; Bolboacă & Jäntschi 200952; see Tab. 6) 

uses atoms in place of pairs of atoms (as FPIF and 

MDF uses). It implements two distance metrics 

(DO): t (topological) and g(geometrical), seven 

atomic properties (AP): C (cardinality), H 

(hydrogen's), M (mass), E (electronegativity, 

Sanderson scale), Q (partial charge, Mulliken 

population analysis), L (melting point under 

normal temperature and pressure conditions), A 

(electronic affinity), fifty-eight interaction 

descriptors (ID, see Tab. 6). 

Tab. 6. Code of MDFV descriptors 
Gene DO AP ID SF SM IT EU LO 

G
en

o
m

e 

T C J R N Z V I D A A f D I 

G H j r n z v i d a a F d R 

  M O K W S F A 0 I I c   L 

  E o k w s f a 1 i i C     

  Q P L X T G B 2 F F p     

  L p l x t g b 3 P P P     

  A Q M Y U H C 4 C C a     

    q m y u h c 5     A     

             6     i     

             7     I     

MDFV = DOAPIDSFSMITEULO 

Ex.: TEuIFFDL and GLbIAcDR 
 

 Atoms (or vertices in graph theory naming) are 

cut and fragments (connected atoms) are 

collected. It is calculated first the fragmental 

property using one out of ten strategies (IT - 

interaction type): 

 IT = f - fragment's field - superposes (adds) 

axial projections of ID for all pairs of atoms 

(b,c) from fragment ((b,c) Fr(a)) taken once 

- giving interactions in the fragment 

independent of atom cut); 

 IT = F - field of the fragment in the cut - 

superposes (adds) axial projections of ID for 

all pairs of atoms (a,b) with one atom in the 

fragment (bFr(a)) - giving interaction of the 

fragment in the cut; 

 IT = c - fragment's descriptor centre - 

computes coordinates of the centre of the 

descriptor using once every pair of atoms of 

the fragment (b,c)Fr(a); 

 IT = C - fragmentation descriptor centre - 

computes coordinates of the centre of the 

descriptor using all pairs of atoms (a,b) with 

one atom in the fragment (bFr(a)) - giving 

the weight of the fragment in the cut; 

 IT = p - fragment's potential - uses all pairs 

(b,c)Fr(a) to obtain the average direction 

(average of the directions) of the field; uses 

all pairs (b,c)Fr(a) to obtain the cumulated 

value (sums of the effects); gives the intrinsic 

potential of the fragment; 

 IT = P - potential of the fragment relative to 

the cut - uses all pairs of atoms (a,b) with one 

atom in the fragment (bFr(a)) for giving the 

extrinsic potential of the fragment at the cut; 

 IT = a - select highest descriptor present in the 

fragment (from all pairs (b,c)Fr(a) of atoms 

present in the fragment); give strongest 

interaction in the fragment; 

 IT = A - select highest descriptor of the 

fragment with the cut (from all pairs (a,b) 

with bFr(a)); give strongest interaction in 

the cut; 

 IT = m - select lowest descriptor present in 

the fragment (from all pairs (b,c)Fr(a) of 

atoms present in the fragment); give weakest 

interaction in the fragment; 

 IT = M - select highest descriptor of the 

fragment with the cut (from all pairs (a,b) 

with bFr(a)); give weakest interaction in 

the cut. 

 In general, for a vertex cut more than one 

fragment may occur. Thus, this fact are accounted 

using superposing of the descriptors interaction at 

fragments (between fragments of same cut) level 

by the superposing at fragment (SF) formula. 

When operates in the Minkowski space (using 

absolute values) two superposing derives: a (SF = 

a) - standing for max(|(·x|+|·y|+|·z|) and i (SF = i) -

standing for min(|(·x|+|·y|+|·z|). When operates in 

the Euclidian space (using square values and after 

squared root of) other two superposing derives: A 

(SF = A) - standing for max(√(·x
2+·y

2+·z
2)) and I  

(SF = I) - standing for min(√(·x
2+·y

2+·z
2)). When 

the effects of two or more fragments are 

superposed, we can superpose it as vectors, and 

then SF takes value of F (SF = F), we can 

superpose only their directions (and add their 

values), and then SF takes the value of P (SF = P) 

or weighting their effect, and then SF takes the 
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value of C (SF = C). Finally, superposing is 

conducted at molecular level from all cuts using 

same procedure described above at superposing at 

fragments of a cut. Thus, SM superposes as 

minimum absolute (when SM = i), as maximum 

absolute (when SM = a), as minimum in Euclidean 

space (when SM = I), as maximum in Euclidean 

space (when SM = A), weighting effects (when SM 

= C), superposing directions (when SM = P) or 

vectorial superposing (when SM = F). All values 

of the descriptors at molecular level obtained 

using the procedure described above possess two 

things: a value and a reference (a coordinate of its 

position). Thus, we can express as molecular 

descriptor the value of it (and then EU = D) or a 

reference of it (a distance, and then EU = d) where 

EU is the expressing unit). A linearization operator 

(LO) serves for linear regression designing of the 

analysis with MDFV family of descriptors and it 

takes three values: I (standing for identity with), R 

(standing for reciprocal or inverse of) and L 

(standing for logarithm of). Thus, MDFV family 

of molecular descriptors puts together a total 

number of individuals equal with the number of 

all multiplications described above 

(2∙7∙58∙7∙7∙10∙2∙3 = 2387280) - see Tab. 6. 

 Transforming of MDF to a more complex and 

large family (as MDFV is) does not provided 

expected significant improvement of QSAR 

(quantitative structure-activity relationships) 

models (with MDFV) as were obtained (with 

MDF), another approach were developed: SAPF 

(see Tab. 7). 

Tab. 7. Code of SAPF descriptors 
Gene CF DO AP DP PP OM MP LO 

G
en

o
m

e 

D T C I I S I I 

P G H E E M E A 

C   M H H   H S 

    E G G   G T 

    A A A   A Q 

      Q Q   Q R 

      S S   S L 

SAPF = LOGMOMPPDPAPMDCF 

Ex.: SISHQEGC and TESHIMGP 

 

 SAPF (from Structural Atomic Property 

Family; Sestraş et al., 201253; see Tab. 8; 

calculation details given in Jäntschi 201254) 

cumulates atomic properties at molecular level. It 

locates the molecular centre using one (out of 

three methods, CF) for this task involving a metric 

(out of two, MD) for the distance, a atomic 

property (out of eight defined till date, AP), a 

rising power for the distance (DP, seven cases), a 

rising power for the property (PP, same seven 

cases). At molecular level one of two sorts of 

operators (OM, mean type or sum type) build the 

molecular property as generalized mean or sum 

(see OM) of descriptor's values rising it at a power 

(GM, again one out of same seven cases) and the 

result are subject to linearization (LO, one out of 

seven cases). Thus, SAPF family of molecular 

descriptors puts together a total number of 

individuals equal with the number of all 

multiplications described above 

(7∙7∙2∙7·7·9(5)·2·3 = 259308 - with 9 atomic 

properties; 144060 with 5 atomic properties, see 

Tab. 8). 

 SMPI (Szeged Matrix Property Indices; 

Bolboacă & Jäntschi 201655 see Tab. 9) it have a 

online interface free to be used (Jäntschi 201456).  

Tab. 8. Code of SMPI descriptors 
Gene AP DM ID MO LO 

G
en

o
m

e 

A T E m I 

B G U M R 

C U D I L 

D   P J   

E    E  

F   F  

G      

SMPI = LOMOIDDMAP 

Ex.: ImETA (first), LFPUG (last) 

 

 For SMPI distance matrix are calculated, and 

then for each pair of (distinct) atoms the atoms 

closer to the first than to the second atom of the 

pair are collected into (these are fragments; are 

exactly one fragment associated to a pair of atoms 

by this way) a matrix (similarly to the 

unsymmetrical Szeged matrix on paths, but 

containing sets of atoms in place of their number; 

for [USzp] matrix definition see Diudea et al. 

200157). To each fragment it is assigned an atomic 

property AP=A: Atomic mass (a.u.), as sum of; 

AP=B: Atomic number (Z), as harmonic sum of; 

AP=C: Cardinality (=1), as sum of; AP=D: Solid 

state density (kg/m3), as harmonic mean of; 

AP=E: Electronegativity (revised Pauling; for 

Pauling see Pauling 193258; for revised see Allred 

196159), as geometrical mean of; AP=F: First 

ionization energy (kJ/mol), as average of; AP=G: 

Melting point temperature (K), as Euler (PM(p), 

p=2) mean of. A distance matrix is calculated 

using three alternatives - DM=T: Topological 

distance (bonds); DM=G: Geometrical distance 

(Å); DM=U: Weighted topological distance (as 

reversed bond order). An interaction descriptor 

produces the interaction effects matrix operating 

on the properties and on the distances matrices - 

ID=E: Ei,j=Pi,j*Di,j; ID=U: Ui,j=Pi,j/Di,j; ID=D: 

Di,j=1*Di,j; ID=P: Pi,j=Pi,j*1. On the resulted 

interaction effects matrix a molecular level 

operator calculates a value - MO=m: min; MO=M: 

max; MO=I: half-sum(Mi,j); MO=J: half-

sum(Mi,j*Mj,i); MO=E: half-sum(Mi,j*Adi,j); 

MO=F: half-sum(Mi,j*Mj,i*Adi,j). Finally the 

calculated value is subject to a linearization - 

LO=I: I(x)=x; LO=R: R(x)=1/x; LO=L: 

L(x)=Ln(x). A total number of 1512 (7·3·4·6·3) 

descriptors reflects the molecular structure of a 
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molecule from (slightly) different (from one to 

another) perspectives. 

 An improvement were made to SMPI, by 

extending the principle applied for Szeged 

fragments (assigned letter: S) to other two 

matrices collecting fragments from molecule for 

pairs of atoms, namely to maximal fragments 

(assigned letter: M) - the largest set containing the 

first atom of the pair along with all it's connected 

atoms after removal of the second atom of the pair 

from molecule and to complements of the 

maximal fragments (assigned letter: N) - the set 

containing the second atom of the pair along with 

the rest of the atoms lost from the molecule when 

maximal fragments were extracted. Therefore, the 

gene sequence of FMPI is increased from SMPI 

with one gene (see Tab. 9) and the number of 

descriptors is multiplied with 3 (arriving at 4536). 

Tab. 8. Code of FMPI descriptors 
Gene FC AP DM ID MO LO 

G
en

o
m

e 

S A T E m I 

M B G U M R 

N C U D I L 

 D   P J   

 E    E  

 F   F  

 G      

FMPI = LOMOIDDMAPFC 

Ex.: ImETAS (first), LFPUGN (last) 

SOFTWARE & DATA ANALYSIS 

 FPIF software to generate the family was build 

as a stand-alone executable (working on Win16 

platform) being implemented the calculations by 

using Pascal programming language. Excepting 

SAPF, which also were implemented in Pascal 

(FreePascal version of it) the rest of the families 

were implemented using PHP language. 

 If initially were designed to work with a 

database (a MySQL one) and to save the 

descriptors as well as the later conducted 

regression analysis on a database, recently the 

software applications were revised to produce 

text-based human readable files. Based on this 

revised version following working plan is to be 

used for an analysis conducted with families of 

molecular descriptors described above. 

Stage 0. Preliminary requirements 
 This stage is to be applied after a procedure 

which assumes that the geometry of the molecules 

is obtained and is saved in '*.hin' - HyperChem 

format and the partial charges are calculated. 

 Much convenient is to optimize the structures 

with software which have possibility to parallelize 

the calculation, such as is Spartan. If it is the case, 

then conversions from Spartan ('input' and 'output' 

files) to HyperChem are required. Program 

spartan_hin_convert_qsar.php was designed to do 

this, and it requires '*.spinput' files to be placed in 

a directory, '*.txt' Spartan output files to be placed 

in other one, as well as it requires that the Spartan 

calculations to be conducted with 'verbose log' in 

order to contain the partial charges too. Then, in a 

new directory the HyperChem files are generated. 

Stage 1. Generation of the descriptors 
 A folder containing the structure files is the 

input data for all programs providing the 

descriptors in a single file, as in the following 

example: 

mdf2004_a_generate.php → mdf2004.txt 

 It applies also for mdf2015_a_generate.php, 

mdfv2008_a_generate.php, sapf2011.exe, 

smpi2014.php, and fmpi2015.php. 

 The output files contain matrix-based data, 

with molecules in columns and descriptors in 

lines. The values are expressed with 4 significant 

digits as numbers in general form (in which are 

expressed with smallest number of characters). 

Stage 2. Filtering of the descriptors 

 This step is intended (in the revised version) 

only to remove the duplicates - it is possible for 

simple molecules to have two different 

descriptors with exactly the same series of values 

for all molecules in the dataset. 

 Also it is possible that at given precision that 

the values to be different only in a order of 

magnitude; thus, the values of the descriptors 

should (and are) expressed relatively to the order 

of magnitude of the highest (absolute value). 

 The v2_mdf_x_compactize.php program 

compact the outputs of 'mdf*' families and 

v2_others_compactize.php do the same for the 

rest, when the output files are created as 

following: mdf2004.txt → mdf2004_r.asc 

 The 1_sort_all.php program is feed with 

'*_r.asc' files to produce sorted and distinct series 

of values (for the descriptors & for the molecules) 

as '*_t.asc' files as following: 

mdf2004_r.asc → mdf2004_t.asc 

Stage 3. Building of structure - property files 
 The properties and/or activities are collected in 

'properties.asc' file, keeping the association with 

the structure (from '*.hin' files) with the first line 

having the names of the files containing the 

structures of the molecules for which the property 

(or properties) have that value(s). The first 

column contains the name of the property/activity. 

 The generate_property_files_v2.php program 

generates files for each property: 

family_name+"_"+property_name+".txt" 

Stage 4. Regression analysis 
 From this point on any software may be 

feed with the data to conduct the regression 

analysis. 

 A program (_r1v_all.exe) was designed to 

provide ("r1_"+input_filename) simple linear 

regressions and other (r2f_all_v2.exe) to 

account for additive and multiplicative effects 

with two descriptors. 
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Abstract: A cyclodextrin-modified graphene composite was obtained by noncovalent functionalization of 

graphene with β-cyclodextrin leading to an effective aqueous dispersion of the exfoliated graphene sheets. 

This nanocomposite was characterized by using spectral, microscopic and electrochemical techniques. The 

reduced graphene oxide modified with β-cyclodextrin was used in combination with tyrosinase entrapped 

in polyethylenimine film for the elaboration of a biosensor which was successfully applied for dopamine 

determination in biological samples by amperometry. 

Key words: biosensor, reduced graphene oxide, β-cyclodextrin, tyrosinase, real samples 

 

 

INTRODUCTION 
Graphene, a two dimensional carbon based 

nanomaterial, has been widely studied in the last 

ten years due to its unique physical and chemical 

properties such as: high surface area, excellent 

conductivity, facile production and versatile 

functionalization. Graphene and its derivatives 

are used in energy, electronics, catalysis, 

biosensing and drug delivery systems. A broad 

range of graphene-based configurations were 

elaborated for the development of 

electrochemical sensors for pharmaceutical, 

biomedical and environmental applications 

recording an improved sensitivity for a wide 

range of analytes.1-5 

The graphene derivatives can be obtained by two 

methods: covalent functionalization (for instance 

by using diazonium salts, dienophile compounds,  

1-ethyl-3-(3-dimethylaminopropyl) carbodiimide 

(EDC) or N,N’-dicyclohexylcarbodiimide (DCC) 

and N-hydroxysuccinimide (NHS), heteroatom 

doping (N2, B)), and by non-covalent 

functionalization (π–π stacking, hydrophilic and 

hydrophobic interactions).6-8 The platforms 

based on electrodes modified with graphene 

powder or graphene-composite are widely used 

for (bio)sensing applications.9-14 

The graphene oxide (GO), derivative bearing 

functional groups containing oxygen, presents 

excellent hydrophilicity, but lower conductivity 

than the pristine graphene. Thus, the reduced 

graphene oxide (RGO) was obtained in order to 

overcome this limitation.15,16 Despite of the 

advantageous properties of graphene, it presents 

also a major disadvantage: its poor dispersion in 

aqueous medium. Stable dispersions of graphene 

sheets have been achieved by using amphiphilic 

polymers and cyclodextrins, among others, as 

dispersing agents.16,17 

Cyclodextrins (CDs) are non-reducing cyclic 

oligosaccharides consisting of six  

(α-cyclodextrin), seven (β-cyclodextrin), eight 

(γ-cyclodextrin) or more D(+)-glucopyranose 

units with a relatively hydrophobic cavity.  

The most notable characteristic of CDs is the 

inclusion complexes formation with various 

organic and inorganic molecules.18 A various 

range of analytes was determined with high 

sensitivity and selectivity by using CD based 

electrochemical (bio)sensors due to their 

complexation ability.18-21 Recently, the 

electrodes modified with graphene and 

cyclodextrins have been widely employed for the 

detection of many biological molecules such as 

dopamine (DA), among others, with higher 

performances.15,16,18 

Herein, the improvement of the aqueous 

dispersion of RGO was successfully achieved by 

using a non-covalent functionalization with  

β-cyclodextrin (β-CD). The obtained graphene-

composite was characterized by spectral, 

microscopic and electrochemical methods.  

The β-CD modified graphene platform was used 

for the elaboration of a tyrosinase based 

biosensor which was applied for DA detection 

with good analytical performances. 
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METHODS, TECHNIQUES, 

MATERIALS 
Reagents and solutions 

All the reagents and the chemicals were 

purchased from Sigma Aldrich. The 0.1 M 

phosphate buffer at pH 7.2 was used. 

The reduced graphene oxide modified with  

β-cyclodextrin (RGO-CD) was prepared by 

dispersing 30 mg GO in 60 mL water and were 

sonicated for 2 hours, after that a solution of  

β-CD (240 mg/60 mL) was added and stirred 

together for 30 minutes. As reducing agent was 

used 600 mg of ascorbic acid. The unmodified 

RGO was prepared with the same procedure 

mentioned above without the addition of β-CD. 

After 48 hours of stirring, the suspension was 

centrifuged and the powder was dried in oven. 

The 1 mg/ml polyethyleneimine (PEI) solution 

was prepared in water:alcohol (1:1) mixture.  

The 1 mg/ml tyrosinase solution was obtained by 

dissolving the appropriate weight of enzyme in 

distilled water. The urine was collected from a 

healthy patient and it was filtered (paper filter 

FILTRAK 390) before analysis, then diluted 

1:100 with phosphate buffer (0.1 M, pH 7.2). 

The human serum was prepared by dissolving 

the lyophilized powder in 2 ml of distilled water 

and then diluted 1:100 with phosphate buffer 

(0.1 M, pH 7.2). 

 

Experimental procedures 

Electrochemical measurements were carried out 

by using a three-electrode cell with GCE or Pt as 

working electrode, Ag/AgCl as reference 

electrode and a platinum wire as the counter 

electrode and were recorded with an Autolab 

PGSTAT100 (Metrohm/EcoChemie,  The 

Netherlands) controlled by Nova 1.10.4 

software. Glassy carbon electrodes (GCEs) 

purchased from BASi. (3 mm diameter) were 

first polished using 2 μm diamond paste and then 

washed with plenty of water and ethanol.  

The electrode modification included some steps 

consisting in layer by layer (LBL) deposition of 

5 µL of modifiers and then dried in the oven at 

40°C for 10-15 minutes. 

For the experiments with glucose oxidase (GOx) 

and glucose oxidase tagged with adamantane 

(GOx-Ad), Pt was used as working electrode  

(5 mm). 20 µL of a mixture of graphene (RGO, 

RGO-CD) and enzyme were casted onto the Pt 

electrodes, after that the electrodes were dried in 

vacuum for 30 minutes. The biosensor was tested 

towards glucose oxidation by using amperometry 

at 0.6 V vs. SCE. For the experiments with 

[Ru(NH3)6]Cl3, 0.1 M LiClO4/H2O was used as 

electrolyte and the cyclic voltammograms (CVs) 

were recorded with a scan rate of 50 mV/s. 

The parameters for square wave voltammetry 

(SWV) were: frequency 25 Hz, amplitude 25 

mV, initial potential -0.3 V, end potential 1 V.  

The amperometric determinations were made 

under stirring with 200 rpm at -0.2 V. 

Electrochemical impedance spectroscopy (EIS) 

measurements were carried out in the presence of 

10 mM [Fe(CN)6]3-/4- solution in PBS (10 mM, 

pH 7.4). The impedance of the experimental 

system was measured in a frequency range from 

100 mHz to 100 KHz using the open circuit 

potential (OCP).  

The FTIR spectra were obtained by using a 

Thermo Scientific Nico-let iS10 in the wave 

number range from 650 to 4000 cm−1. An Alpha 

300R (WiTec) confocal Raman microscope was 

used for the microscopic optical images capture. 

The TEM images were obtained by using a 

Philips CM200 microscope operating at an 

accelerating voltage of 200 kV with F216 TVIPS 

camera. 

 

RESULTS AND DISCUSSIONS 
Spectral and microscopic characterization of 

the composite materials 

The three types of graphene: GO, RGO, and 

RGO-CD, were characterized by spectral and 

microscopic techniques. 

Some specific signals corresponding to different 

functional groups can be observed in the FTIR 

spectrum of GO. These signals are attributed to 

the: OH stretching vibration (a broad absorption 

band at 3232 cm-1), stretching of C=O from 

carboxyl groups (a band at about 1720 cm-1), 

stretching of C=O and C=C from aromatics  

(an absorption band at 1618 cm-1), deformation 

vibration of OH (a band at 1346 cm-1), C-O 

stretching vibration (two absorption bands at 

1096 cm-1 and 1040 cm-1) and bending of the 

aromatic sp2 C-H at 878 cm-1. 22-25 

All the characteristic bands for oxygen 

containing groups from the GO spectrum are 

significantly decreased in the RGO spectrum, 

indicating that those groups were partially 

eliminated by reduction process. The “shoulder” 

from 2790 cm-1 υ(C-H) presents weaker intensity 

due to the disappearance of C-H bonds during 

the aromatization of the graphene core.26,27  

All the modifications observed in the FTIR 

spectra reveal that the GO sheets were 

successfully reduced (Figure 1). 
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In the case of the RGO-CD spectrum the band 

for hydroxyl groups (3313 cm-1) and for 

carboxylic groups (1633 cm-1) are diminished 

due to the reduction process of the GO.  

In addition, there appear some new bands at: 

2928 cm-1 (C-H stretch in alkanes), 1201 cm-1, 

1148 cm-1, 1075 cm-1, 1020 cm-1 (C-O stretch  

in alcohols and ethers) attributed to β-CD 

molecule providing the evidence that the RGO 

was successfully functionalized with β-CD 

(Figure 1). 
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Figure 1. FTIR spectra registered for: (a) β-CD, (b) GO, (c) RGO, and (d) RGO-CD 

 

In the images obtained by using TEM and optical 

microscopy, presented in Figure 2 (A - F), it can 

be observed that the RGO sheets are more 

aggregated in “black flakes” in comparison with 

the RGO-CD. Meanwhile, the RGO-CD sheets 

are more exfoliated probably due to the presence 

of β-CD with its good dispersing properties 

acting as a surfactant of graphene in water 

(Figure 2 A-F).16,23 

 

 

A B 
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Figure 2. TEM (left) and microscopic images (right) for: GO (A and B), RGO (C and D) and RGO-CD  

(E and F) 

 
Electrochemical characterization of the 

composite materials 

The presence of CD in the carbon based 

nanocomposite was verified by means of the CD 

possibility to form inclusion complexes with 

adamantane. Thus, molecules of glucose oxidase 

(GOx) and glucose oxidase tagged with 

adamantane (GOx-Ad) were immobilized to the 

electrode surface and then, the obtained 

biosensors were tested towards glucose oxidation 

by using amperometry.  

It can be observed that the value of the current 

intensity obtained for the biosensors containing 

RGO-CD and GOx-Ad is two times higher than 

the one obtained with unmodified GOx. This 

indicates the complexation between adamantane 

and CD cavity leading to a better immobilization 

of the biomolecules (Figure 3). Concerning the 

unmodified RGO, no significant difference of the 

analytical performances between the two types 

of enzymes used was observed. 

The advantages of RGO-CD were also 

highlighted by the electrochemical behavior of 

Ru(III) containing solution (Figure 4). It can be 

observed that in the case of Pt electrode modified 

with RGO (RGO/Pt), there are two pairs  

of peaks corresponding to Ru(III)/Ru(II)  

redox couple (Epa1 = -0.28V/ Epc1 = -0.38V and 

Epa2 = -0.12V/ Epc2 = -0.21V). But in the case of  

Pt electrode modified with RGO-CD  

(RGO-CD/Pt) only one high peak is noticed for  

Ru oxidation and reduction respectively  

(Epa = -0.28V, Epc = -0.38V). 
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Figure 3. Calibration curves for glucose 

oxidation obtained at the Pt electrodes modified 

with 0.5 mg/mL RGO-CD and: (a) 0.25 mg/mL 

GOx-Ad and (b) 0.25 mg/mL GOx 
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These differences indicate that the electrode 

surface is homogenously covered by RGO-CD, 

meanwhile the RGO deposition onto the 

electrode leaves some uncovered places where 

the behavior is the same with the bare electrode. 

This assumption was sustained by the fact that 

the Epa2, Epc2 present the same values as for the 

bare electrode. This result indicates once again 

the excellent dispersion of the graphene sheets 

assured by the CD, which confirm the 

microscopic observations. The value of the 

current peak intensity registered for Ru as redox 

probe was increased by the graphene deposition 

especially in the case of RGO-CD proving an 

improvement of the electroactive area of the 

electrode probably due to the homogenously 

covering with the graphene suspension. 
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Figure 4. CVs of 1 mM [Ru(NH3)6]Cl3 obtained 

at: (a) Pt electrode, (b) RGO/Pt and (c) RGO-

CD/Pt  

 

Square wave voltammetry (SWV) was also used 

to test the graphene functionalization with CD. 

Thus, the CD functionalized graphene was 

furthermore used for dopamine (DA) 

electrochemical determination. Comparing the 

RGO modified with CD and the bare GCE, it can 

be observed that the oxidation potential is shifted 

towards cathodic values with 49 mV due to the 

presence of the CD molecules cavities which 

facilitate the DA oxidation. The values of the 

peak intensity and the peak area obtained by 

using the electrode modified with the CD based 

nanocomposite are 2.4 times higher than those 

obtained on bare GCE. All these results 

highlighted that the CD and graphene improved 

the electrochemical properties of the sensor 

applied for DA detection (Table 1). 

 

Table 1. The comparison between the data 

obtained from the SWVs of 10-3 M DA at bare 

GCE, PEI modified GCE (PEI/GCE) and RGO-

CD/PEI modified GCE(RGO-CD/PEI/GCE) 

 
Electrode 

type 
GCE PEI/GCE 

RGO-CD/ 

PEI/GCE 

E (V) 0.233 0.233 0.184 

I (µA) 92.70 57.80 218.00 

Peak area 

(µA) 
18.60 13.80 44.30 

 

The number of the RGO layers deposited onto 

the electrode surface was also optimized and the 

one layer of RGO configuration was chosen.  

By increasing the number of RGO layers, the 

decreasing of the peak intensity and area was 

observed and the potential was slightly shifted 

towards anodic values (Figure 5). 
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Figure 5. SWVs of 10-3 M DA solution obtained 

at: (a) bare GCE and GCEs modified with:(b) 

one layer of RGO-CD and PEI;(c) three layers 

of RGO-CD and one layer of PEI;(d) five layers 

of RGO-CD and one layer of PEI 

 

This behavior can be explained by the 

compaction of the graphene structure harming 

the electron transfers. For one layer of RGO no 

preconcentration step is required.  The oxidation 

response is highest only after 1 minute 

accumulation, indicating that the penetration of 

DA through the three and five graphene layers is 

required. 
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The deposition technique was also investigated 

comparing layer by layer method (LBL) and spin 

coating method. For the biosensor elaboration 

LBL method was chosen because the peak 

current intensity was 4.5 times higher in 

comparison with the spin coating method. 

Electrochemical impedance spectroscopy (EIS) 

was used during the biosensor elaboration, 

following each step of the electrode modification 

through the variation of the charge transfer 

resistance (Rct) represented in the Nyquist plots 

of EIS (Figure 6). It can be observed that the 

RGO-CD reduced the Rct value from 264.87 Ω 

(in the case of bare GCE) to 217.25 Ω incresing 

the sensor conductivity due to its characteristic 

properties. The Rct value was slightly incresed to 

224.94 Ω by the addition of the tyrosinase 

probably due to its macromolecular structure. 
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Figure 6. Nyquist plots of 10 mM [Fe(CN)6]3-/4- 

in PBS (0.02 M; pH 7.4) at (a) bare GCE; (b) 

RGO-CD/GCE and (c) TYR/PEI/RGO-CD/GCE  

Optimization and testing of the biosensor for 

dopamine 

After the characterization of the RGO-CD 

composite material and the study of the 

electrochemical behavior of the electrodes 

modified with this material in the presence of 

different redox species, a biosensor was 

elaborated for dopamine detection. 

The elaborated biosensor had the configuration 

consisting in one layer of RGO-CD and 50 μg of 

tyrosinase (TYR) entrapped in polymeric film 

(PEI). The biosensor elaboration process is 

schematically represented in Figure 7. 

This biosensor presented a LOD of 4 μM 

(S/N=3) calculated with the equation:  

I (μA) = 0.0121 · CDA (μM) + 0.0059;  

R2= 0.9993; exhibiting a linear domain ranging 

from 4 to 140 μM.  

Some interference tests were performed by using 

the elaborated biosensor and no significant 

interferences were observed for DA 

amperometric determination in the presence of 

equal concentrations of uric acid (UA), ascorbic 

acid (AA) and glucose (Figure 8).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

Figure 7. Schematic representation of the biosensor elaboration (adapted from 15) 

 

 

 

 

 



Analele Universităţii din Oradea-Fascicula Chimie, Vol. XXIII, 2016 

21 

 

 

100 200 300 400 500 600 700

-2.00

-1.75

-1.50

-1.25

-1.00

-0.75

-0.50

-0.25

150 µL DA 10
-2
M

25 µL Glucose 10
-2
M25 µL UA 10

-2
M

Time/s

I/
µ

A
25 µL AA 10

-2
M

 
 

Figure 8. The current intensity variation in time 

obtained at TYR/PEI/RGO-CD/GCE after the 

addition of equal volumes (25 μL) of 10−2 M of 

DA, AA, UA and glucose solutions in PBS (pH 

7.2; 0.1 M) 

 

The performance of this biosensor for the 

detection of DA in biological samples was tested 

by using amperometry and by maintaining the 

modified electrode at -0.2 V for a stated time. 

The biologic samples (urine and human serum) 

were diluted 100 times before the analyses and 

then different volumes of 10-2 M standard DA 

solution were spiked obtaining good recovery 

rates (Table 2). 

 

Table 2. The amperometric detection of DA from 

urine and serum samples 

 

Samples 

Volume of  

10-2 M DA 

spiked (µL) 

Recovery 

(%) 

RSD 

(%) 

PBS 

5 

10 

25 

- 

- 

- 

- 

Urine 

5 

10 

25 

99.13 

99.56 

98.28 

1.1 

Serum 

5 

10 

25 

97.65 

97.73 

100.34 

2.1 

 

CONCLUSIONS 
The functionalization of graphene with  

β-cyclodextrin has improved the dispersion of 

this carbon based nanomaterial in aqueous media 

due to the presence of β-CD. The RGO-CD was 

characterized by using spectral, microscopic and 

electrochemical methods. The combination of 

the reduced graphene oxide modified with CD 

and tyrosinase entrapped in PEI film enhanced 

the electroanalytical performances of the 

biosensor allowing a selective and sensitive 

detection of dopamine in real samples. 
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Abstract:  

In this paper the synthesis of mesoporous magnetite nanoparticles using leucinamide as 

stabilizer agent is presented. Mesoporous magnetite nanoparticles were obtained through 

precipitation method. For this purpose, the precursors (Fe2+ and Fe3+) solution was sprayed into a 

sodium hydroxide (for obtaining pure Fe3O4) and sodium hydroxide / L-leucinamide precipitation 

bath (for obtaining Fe3O4@LEU) issuing a black precipitate. In order to determinate the structure 

and morphology of the Fe3O4 and Fe3O4/leucinimide nanoparticles the following methods were 

used: Fourier transform infrared spectroscopy (IR), X-ray diffraction (XRD), Brunauer-Emmett-

Teller (BET) and scanning electron microscopy (SEM). The Brunauer-Emmett-Teller (BET) 

analysis revealed a mesoporous structure for the samples with a specific surface area of about 

156m2/g (unstabilized Fe3O4 nanoparticles) and 147 m2/g (for the stabilized Fe3O4 nanoparticles) 

which proves, along with FTIR, SEM and even XRD data, that the presence of the leucinamide leads 

to an increase of the hydrodynamic size. The average pore size of the MNPs is about 5-6 nm which 

means that mesoporous materials were obtained. 

Keywords: magnetic nanoparticles; co-precipitation methods; stabilizing agent.  

 

 

INTRODUCTION 
In the last years a considerable attention 

has been paid to the preparation and 

characterization of the mesoporous magnetic 

nanoparticles due to the biomedical 

(bioseparation, catalysis, contrast agent for 

MRI, drug delivery), industrial (separation, 

magnetic inks, photocatalysis) and 

environmental applications (potential 

adsorbents for heavy metals: Cu, Pd, Co, Ni, 

Hg)1-4. 

The lately studies about on magnetic 

materials have shown the great importance of 

these particles in different areas. Magnetic 

properties due to very important 

nanoparticles mesoporous of magnetite of 

particular importance especially in the 

medical field such as: drug delivery system, 

hyperthermia, magnetic resonance imaging. 

The nanoparticle mesoporous of magnetite 

are also used industrially as biosensors, 

catalysis, ferrofluids, photocatalysts, 

pigments, etc. The nanoparticles mesoporous 

are used in different types in specified 

applications depending on size, shape, but 

also their surface area.1-11 

In the last period for obtaining magnetic 

nanoparticles mesoporous used a variety of 

methods of synthesis of which is the most 

used is co-precipitation. The co-precipitation 

method is very used because the synthesis is 

very easy in obtained the magnetic 

nanoparticles, the low cost, the temperature 

of prepared the magnetic nanoparticles can be 

different. For obtaining magnetic 

nanoparticles also sol-gel, thermal 

decomposition, hydrolysis, solvothermal or 

hydrothermal method can be used 1-11. 

Xu   and   all.12   present   the   synthesis   

of nanoparticle magnetite in organic phase, 

using the iron (III) chloride as a precursor. 

Sohu   Xuan   and   all.13 prepared   the 

nanoparticles of  magnetite   using   ascorbic 
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acid as stabilizer, by hydrothermal methods. 

Both methods are efficient and lead to 

nanoparticles with controlled size and 

dispersivity but require more expersive 

precursors and the synthesis rate is more 

laborious comparing with precipitation.  

In this work, the co-precipitation method 

was used for obtaining magnetic 

nanoparticles. L-leucinamide hydrochloride 

was used as stabilizing agent of mesoporous 

magnetite nanoparticles, influence of the 

leucinamide being studied form the point of 

view of crystallinity, size and specific surface 

area.  

 

 

EXPERIMENTAL DETAILS 

MATERIAL AND METHODS 

 
For preparing the mesoporous 

nanoparticles of magnetite were used these 

principal materials: iron (III) chloride – FeCl3 

(Sigma Aldrich), ammonium iron(II) sulfate 

hexahydrate – Fe(NH4)(SO4)2 (Silal 

Trading), L-leucinamide hydrochloride 

(Mann Research Laboratories INC), sodium 

hydroxide – NaOH (Silal Trading), and 

distilled water. Mesoporous of magnetite 

nanoparticles were prepared by co-

prcipitation methods, as presented in Figure 

1 . The precipitation solution was prepaired 

by disolving 2.5 g leucinamide and 10 g 

NaOH in 250 ml distiled water under 

mechanical stirring, at room temperature. The 

pH was adjusted to 12 and was maintained 

above 10 during the precipitation of 

Fe3O4@Leu by adding supplementary NaOH 

solution. The stirring is maintained while the 

magnetite precursors are added (a solution 

containing 6.99 g FeCl3 and 8.45 g 

Fe(NH4)(SO4)2 in 100 ml distiled water by 

spraying. The spraying was set at about 3 

ml/min. After precipitation and maturation 

(~2h), the mesoporous magnetic 

nanoparticles were filtered and washed, three 

times, with distilled water until neutral pH 

and chloride free filtrated is obtained and 

were dried by freeze drying to avoid 

supplementary oxidation of the magnetic 

nanoparticles. During the entire synthesis 

procedure, nitrogen was bubbled into the 

precipitation bath in order to avoid oxidation 

of magnetite to maghemite.  

The mesoporous magnetic samples were 

characterized by: XRD, FT-IR, SEM and 

BET.  

 

 
  

 

 

 
 
 
 

 

 

 

 

Figure 2. The synthetic steps of Fe3O4@L-

leucinamide 

 

X-ray diffraction analysis was carried 

out on a Panalytical X’Pert Pro MPD 

equipment, with CuKα radiation. The samples 

were scanned in the Bragg angle, 2θ=10–900, 

with a sampling interval of 0.020.  

IR spectroscopy was performed on a 

Nicolet iS 50 FT-IR spectrometer equipped 

with a broad range DTGS detector providing 

high-sensitivity infrared information from 

4000 cm-1 to 100 cm-1 and an integral 

diamond ATR unit. The system is configured 

with the built-in iS50 ATR module and an 

iS50 ABX Automated Beamsplitter 

exchanger. The spectra were recorded in 

ATR mode over the wave number range of 

400 - 4000cm-1, with a resolution of 4 cm-1 

co-adding 64 spectra for improving the 

spectral quality. For a better identification of 

the peaks, the obtained spectra were resolved 

using a Gaussian-Lorentzian peak resolve 

procedure assuming a linear baseline. 

The Brunauer–Emmett–Teller (BET) 

analysis was performed on a Micrometrics 

Gemini V surface area and pore size analyzer.  

Morphological data were obtained by 

scanning electron microscopy of the gold-

Solution 
Fe(NH4)2(SO4)2.6H2O+FeCl3

spray
ing 

soluti
on

Precipitation bath L-
leucinamide pH=12

Filtration and purificationFreeze drying

Fe3O4@L-Leucinamide

Charactherization 

XRD 

FTIR SEM 
BET 



Analele Universităţii din Oradea-Fascicula Chimie, Vol. XXIII, 2016 
 

25 
 

coated specimens, using a QUANTA 

INSPECT F SEM device equipped with field 

emission gun (FEG) with a resolution of 1.2 

nm and with X-ray energy dispersive 

spectrometer (EDS).  

 

RESULTS AND DISCUSSION 

 
 X-ray diffraction 

X-ray diffraction can be used in order to 

characterize the crystallinity of nanoparticles, 

the average crystallite size and the purity of 

magnetite nanoparticles. Based on the 

literature data14,15 as well as the ICDD 

database it can conclude that the synthesized 

mesoporous MNPs present only the 

characteristic peaks of a cubic spinel 

structure, proved by the strongest reflection 

of (311) plane (Fig. 1), characteristic of such 

a phase16. Also all the peaks indexed as planes 

(220), (311), (400), (422), (511) and (440) are 

characteristic for the magnetite 17,18,19(ICDD 

data base).  

The XRD diffraction patterns of the 

magnetic materials highlight that the 

crystallinity and the crystallite size of the 

stabilized Fe3O4@LEU is modified 

comparing with the Fe3O4 material. The XRD 

diffraction patterns of Fe3O4@LEU exhibit 

the same peaks as pure Fe3O4 but, the peaks 

with low intensity are not clearly evidentiated 

especially because of the lower 

size/crystallinity. The lower crystallinity of 

the Fe3O4@LEU is especially evidentiated 

based on the peaks from 2Theta = ~54, 72 and 

74o which are not well defined because the 

stabilizing agent act as a shielding layer.  

 
Figure 3. The XRD patterns of the synthesized 

Fe3O4@L-leucinamide 

 
Figure 4. The XRD patterns of the synthesized 

Fe3O4 

 

 BET analysis 

BET analysis was used for evaluate the 

the surface area and pore size of the magnetic 

materials.  

The BET surface areas of the two 

samples (the Fe3O4 and Fe3O4@LEU 

samples) are summarized in Table 1. Based 

on the BET analysis of the pure magnetite, a 

specific surface area of 156m2/g and an 

average pore size of 5.75nm were calculated. 

In comparison to another dispersion agent 

which lead to an important decrease of the 

specific surface area and an increase of the 

pore size20 (trichloroacetic acid, salicylic acid 

and glutamic acid) in the case of 

Fe3O4@LEU, the specific surface area 

decreased from 156m2/g to 147m2/g while 

practically no changes of the pore size occurs. 

The different behavior is explained based on 

the differ ent chemical structure of the 

leucinamide comparing with the three 

stabilizing agents used in the previous paper 

(trichloroacetic acid, salicylic acid and 

glutamic acid). Once leucinamide is covering 

the surface of the magnetite core, is able to 

form additional H-bonds and so the 

hydrodynamic size is increase (specific 

surface area decrease) while in the case of the 

above mentioned acids, at the synthesis pH 

the surface is negatively charged and no 

additional association can occurs.  

 

Table 1. BET data of the synthesized MNPs 

samples 

Samples Specific 

surface 

area 
SBET (m2/g) 

Average 

pore size 
DBET (nm) 

Fe3O4@L-

leucinamide 

147.6920 5.7206 

Fe3O4@sample 156.0278 5.7466 
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Based on these data we can conclude that 

the mechanism of the formation of the 

Fe3O4@stabilizing agent is strongly 

dependent on the nature of the stabilizing 

agent the concentration and pH.  

 

 Infrared spectroscopy  

The FTIR spectrum of Fe3O4 and 

Fe3O4@LEU ( 

 

Figure 5) exhibit the main absorption 

bands of magnetite, especially the two intense 

peaks, from 529 and 533 cm-1, that are due to 

the stretching vibration mode associated to 

the metal-oxygen absorption band (Fe – O 

bonds in the crystalline lattice of Fe3O4)17,21.  

The absorption band between 1000 and 

1650cm-1 corresponds to H-O-H bending 

vibration, typical of the H2O molecule, and 

bending vibration associated to the O – H 

bond between 900 and 1000cm-1. The 

absorption bands from between 1507 cm-1 

and 900 cm-1, respectively is characteristic to 

O–H in plane and out of plane bonds122. The 

absorption bands between 900 and 1000cm-1 

is characteristic to strong hydrogen bridges.  

The presence of leucinamide can be 

clearly identified based on the spectrum of 

the region 1000 – 1650cm-1. It can see that the 

amide bands intensity of the Fe3O4@LEU is 

much higher than that of the pure Fe3O4. This 

observation can be also correlated with the 

XRD data. The crystalline loss observed in 

XRD can be explained based on the 

leucinamide shell covering the magnetite 

core.  

 

 

 
 

 
 

 

Figure 5. FTIR spectra of the magnetic samples: Fe3O4 (blue line) and Fe3O4@L-Leucinamide 

(red line) 

 
 

 SEM  

 

The most representative SEM images of 

the Fe3O4 and Fe3O4@L-leucinamide are 

presented in Figure 5. Based on these images, 

as expected, two different morphologies can 

be identified because of the presence of L-

leucinamide. Based on its structure, L-

leucinamide can interact with the magnetite 

nanoparticles via the carboxylate group but 

also with other L-Leucinamode molecules via 

the two amino groups. In the case of pure 

magnetite, individual nanoparticles can be 

clearly visualized at high magnification. The 

size of these nanoparticles is in the 4-10nm 

range. In the case of Fe3O4@LEUC, due to 

the presence of the organic stabilizing agent, 

large agglomerated (up to 500nm) can be 

identified consisting of a large number of 

magnetite nanoparticles joined together by 

the means of leucinamide molecules. 
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Fe3O3@LE
U 

   

Fe3O4 

  

Figure 6. SEM images of the stabilized and non-stabilized magnetic nanoparticles 

 
 

CONCLUSION 
New magnetic nanoparticles were 

obtained by modified co-precipitation 

method starting from magnetite precursors 

and L-leucinamide as stabilizing agents, by 

spraying the solution of the magnetite 

precursors into the alkaline stabilizing agent 

solution. The obtained results reveal 

important difference between the bare Fe3O4 

and Fe3O3@LEUC, the presence of the 

leucinamide can be identified based on the 

FTIR data while the XRD and SEM data 

confirm important changes of Fe3O3@LEUC 

comparing with Fe3O3, due to the core@shell 

structure formation. The mechanism of 

formation of these suprastructures is strongly 

correlated with the functional end groups of 

the stabilizing agent, namely amino groups 

which form strong hydrogen bonds and thus 

strong morphological changes occurs in the 

case of Fe3O3@LEU comparing with bare 

Fe3O4. 
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Abstract: This paper presents a teaching research as a plea for interdisciplinary approach learning of the issues with 

scientific content suitable for this method. Thus, the lesson “Freons. The ozone layer depletion” was taught to an 

11thgrade students, Mathematics-Informatics track, once by the Chemistry teacher, as an application to the unit 

“Halogenated compounds”, and then by an interdisciplinary team of the Chemistry, Physics, Geography and Biology 

teachers of that class. The results, measured by statistical processing of the students’ scores in the assessment items show 

the added value brought by the interdisciplinary method, pointed out by the increased percentage of solving all items, 

especially those in higher cognitive categories, by improving the studied indicators. Also remarkable is an increase in the 

students’ motivation for the study of sciences in systemic approach. 

Key words: interdisciplinarity, assessment items, ozone layer, stratosphere, freons, radiations 

 

 

INTRODUCTION 
The ozone issue belongs to the 11th grade 

Chemistry syllabus, theoretical studies in sciences, 

Mathematics-Informatics and Natural Sciences, 

subsumed to the topics of “The Importance of Halogen 

Compounds” and “Freons. Destruction of the Ozone 

Layer”.13 These contents are correlated with the general 

skills of “Communicating understood concepts in 

problem solving, in formulating explanations, in the 

conduct of investigations and reporting outcomes” and 

“Assessing consequences of processes and the action of 

chemical products on oneself and the environment”, 

superior skills, affiliated to mental processes of analysis, 

synthesis, assessment, with practical implications and 

leading to the knowledge of aspects related to pollution, 

ecosystem and to moral-eco-civic awareness. 

 Teaching experience in the classroom of the 

two topics made me search for solutions to optimize the 

teaching process, so that acquirement of the targetted 

skills be associated with efficiency, interdisciplinary 

synthesis, the most relevant information and, not the 

least, the joy of learning. I have, therefore, conducted an 

interdisciplinary approach to the topic “Freons. 

Destruction of the Ozone Layer”, working together with 

fellow teachers of Geography, Physics and Biology who 

teach 11th grade, Mathematics-Informatics track. 

 Reading the curricula of “intersection” tracks, I 

noticed that there were favourable conditions for an 

interdisciplinary approach.10, 11, 12 

 

 

TEACHING RESEARCH METHODOLOGY 
The lesson “Freons. Destruction of the Ozone 

Layer” was initially taught as an application to 

substitution reactions of halogenated derivatives, in 

Chemistry class.9 The topic of ozone layer destruction 

was secondary, an illustration of the negative effects of 

freons on the ozone layer surrounding the Earth. 

Although to explain the mechanisms of ozone layer 

destruction I resorted to students’ acquisitions in the 

fields of Physics, Geography and – less – Biology, 

emphasis was placed on the chemical mechanism of 

freon action on stratospheric ozone. 

 The Chemistry lesson “Freons. Destruction of 

the Ozone Layer” complied with the following teaching 

plan: 

LESSON TYPE: acquiring new knowledge 

GENERAL SKILLS: 

 Explanation of phenomena, processes, 

procedures 

 Investigation of behavior of chemical 

substances or systems 

 Communication of understood concepts in 

problem solving, formulation of explications and 

reporting outcomes 

 Assessing consequences of processes and the 

action of chemical products on oneself and the 

environment 

 SPECIFIC SKILLS: 

 Explaining the behavior of compounds in a 

given context 

 Processing a large volume of information and 

telling the difference between relevant/irrelevant and 

subjective/objective information 

 Critical interpretation of information from 

various sources 

 Recognizing types of issues of general interest 

that can be met by Chemistry 

OPERATIONAL OBIECTIVES: 

 O 1: To correlate uses of freons with their 

physical and chemical properties (chemical inertia); 

 O 2: To identify the causes of the thinning of 

the ozone layer, based on interpreting the reaction 

mechanism of ozone with freons; 

 O 3: To deduce the beneficial effects of high 

altitude ozone on the Earth ecosystem by energetic 

interpretation of ozone formation reaction; 

 O 4: To argument the phenomenon of 
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significant ozone layer destruction aat low temperatures 

and high altitudes, knowing the catalytic base of polar 

atmospheric clouds in the reaction of CFCs with the 

ozone and based on geographical knowledge about 

atmosphere; 

TEACHING STRATEGIES: 

 Teaching methods: heuristic conversation, 

questioning, guided discovery, explaining, modelling, 

brainstorming, assessment 

 Teaching materials and aids: plate with oxygen-

ozone transformations in stratosphere, video projector, 

information material – Powerpoint presentation, 

assessment sheet 

 Forms of organizing the students’ activity: 

frontal and work groups 

 The correlation between the sequence of 

essential information provided by the teacher, the areas 

they belong to and the targetted operational objectives 

are given in the Table 1. The students are organized into 

groups of two and fill the assignments in their 

worksheets based on the Chemistry teacher’s 

explanations, then assess and correct themselves based 

on the correct worksheet, projected after each sequence 

corresponding to the targetted operational objective. 

 

Table 1. Schematic plan for the deployment of “Freons. Depletion of the ozone layer” Chemistry lesson 

No Essential information Subject 

area 

Work task for 

students 

Teaching 

method / 

means 

Targetted 

objective 

1 -Freons are fluorochlorinated derivatives of 

alkanes 

Chemistry -To write the molecular 

and structural formulas 

of freons and name 

them 

-To specify by what 

type of reactions can 

freons be obtained and 

exemplify 

-conversation 

-modelling 

-algorithmi-

zation 

 

2 -Freons are gases with much lower density than 

air, colourless, odorless, non-toxic to humans, 

non-flammable, chemical inert at low altitudes, 

insoluble in water, Freon itself (CF2Cl2) has b.p. = 

-30°C, easily liquefying and vaporizable.9 

-Uses (with the students’ contribution from their 

general knowledge): cooling agents in 

refrigerators, air conditioners, in the composition 

of aerosols, sprays, fire foam, solvent for cleaning 

electronic circuits, etc.9 

Chemistry 

Physics 

partially 

Biology 

 

 

-To correlate the uses 

of freons with their 

properties 

-conversation 

-explanation 

-work sheet 

-feed-back 

O 1 

3 -Freons attack the ozone layer (a natural 

constituent of the atmosphere, located between 

15-40 km altitude), a process intensified 

(catalyzed) by ice crystals from the polar 

stratospheric clouds (PSC); Freon, stable, is not 

decomposed by low energy radiation in the 

troposphere, but by the high one, present at higher 

altitudes, in the stratosphere.8,1 

-Ozone is a very unstable bluish gas, with a 

characteristic odour. 

-The structure of the molecule shows three oxygen 

atoms in an angular configuration.3 

-It breaks down into molecular oxygen, releasing 

energy: 2O3→3O2 + Energy. The process is 

intensified by cooling. Below 100°C there can be 

ozone molecules, the breakdown reaction rate 

being very low.7 

-Each radical-Chlorine atom leads to the 

destruction of more than 100000 ozone 

molecules.9 

Chemistry 

Geography 

-To deduce the 

chemical reaction 

mechanism between 

freon and ozone 

Clues: the different 

chemical stability of C-

F and C-Cl bonds 

 

 

 

 

 

 

 

 

-Based on the chemical 

mechanism of chain 

reactions between 

freons and ozone, to 

explain the degradation 

of stratospheric ozone 

layer  

-guided 

discovery 

-explanation 

-plate 

-ppt 

-explanation 

-algorithmi-

zation 

-modelling 

-questioning 

-worksheet 

-feed-back 

 

 

 

 

 

 

 

 

 

O 2 

4 -Most of atmospheric ozone, over 90%, lies 

between 10 and 40 km altitude, in the stratosphere, 

Chemistry 

Physics 

-Based on the energetic 

mechanism of 

-guided 

discovery 
 

 



Analele Universităţii din Oradea-Fascicula Chimie, Vol. XXIII, 2016 

 

31 

 

the highest concentration being at about 30 km 

altitude.1 There, oxygen density is high enough to 

produce molecular dissociation.7 The “ozone 

equations” are 

UV/C + O2 = O + O 

O + O2 = O3 

O3 + UV/B = O2 + O + IR 

O3 + O = O2 + O2, 

where the wave length of λ is UV/C < 240 nm, 240 

nm < λ UV/B  < 320 nm, λ IR > 500 nm.1, 15 

Geography 

Biology 

formation-

decomposition ozone 

reactions, to infer 

possible effects of the 

ozone layer on life on 

Earth. 

-explanation 

-plate 

-ppt 

-explanation 

-algorithmi 

zation 

-questioning 

-brainstor 

ming 

-worksheet 

-feed-back 

 

O 3 

5 -In 1985, the British Antarctic Survey researchers 

found a hole in the ozone layer in the Antarctic, 

confirming the hypothesis of two researchers in 

1974. Stratospheric ozone diminishes several 

times every year, especially in some seasons, the 

“ozone hole” being much bigger in the Antarctic.8 

-The most important pollutants attacking the 

ozone are CFCs (freons, chlorofluorocarbons) and 

halons, which contain bromine, eg. 

bromomethane). There are also other natural or 

anthropic pollutants, coming from cars, refineries, 

power plants, factories, volcanoes, etc. that 

contribute to the depletion of ozone.8, 1, 16 

 

 

Chemistry 

Geography 

Physics 

-To identify causes of 

ozone depletion at high 

altitude and explain 

what factors make 

possible their action. 

 

-Explain why the ozone 

hole is larger at low 

temperatures (-80°C) 

and high altitudes (the 

Antarctic), during 

winter-spring months, 

even if pollution 

activities are reduced? 

Clues: PSC,  

atmospheric 

movement, polar 

vortex 

-conversation 

-questioning 

-worksheet 

-explication 

-brainstor 

ming 

-ppt 

-feed-back 

 

 

 

 

 

 

 

O 4 

 

The assessment sheet proposed at the end of the lesson 

is designed to address the following assessment 

objectives, qualitatively correlated with the operational 

objectives and specific and overall skills of the topic: 

 E 1: To explain the substrate of the use of 

freons in a particular field, in terms of their 

physical and chemical properties 

 E 2: To identify and explain the link between 

the depletion of stratospheric ozone layer and 

pollutants, particularly freon 

 E 3: To state and explain features related to 

location, chemical and energetic formation, 

roles and effects of stratospheric ozone layer on 

the Earth-space ecosystem 

 E 4: To identify and explain the thinning 

mechanisms of the stratospheric ozone layer, as 

well as its effects on Earth 

1. The following questions may have one or several 

correct answers. Correct the letter corresponding to the 

correct answer. 

Stratospheric ozone: 

A. Is formed at: 

a) 10-15 km altitude; 

b) 19-30 km altitude. 

B. Its formation causes the absorbtion of mainly: 

a) infrared radiations; 

b) high / medium energy UV radiations; 

c) low energy UV radiations. 

C. It has beneficial effects on the Earth ecosystem 

because during the formation of the ozone molecule: 

a) it absorbs the UV radiations that might harm the 

health of Earth’s creatures; 

b) it absorbs heat, reducing the greenhouse effect. 

D. It has lately undergone significant thinning, due to: 

a) pollution; 

b) the planet’s global warming 

2. Fill the phrase with the expressions and words given 

in the list of contents below: 

The Sun sends to Earth various ............................ 

carriers of consumed .........................., among others, to: 

to .................................... ............. .........................., ......

........................................ In turn, the Earth 

radiates ............................................ into space, thus 

achieving ............................................. The ozone layer 

diminishes ..................................... because it converts 

the relatively high energy of 

the ......................................... into .............................. 

energy, only a part of which reach the 

Earth. .............................. is disrupted 

by ................................. which 

produce: ......................................................... and 

by ................. which destroy …………............... and 

contribute to the increase of ................................... 

List of contents: global warming, thermal balance, 

anthropic activities, pollutants, radiations, thermal 

energy, photosynthesis, energy, water evaporation, UV 

radiations, ozone layer, greenhouse effect, IF radiations. 

3. Briefly explain why: 

A. Freons are used in sprays 

B. A freon molecule can destroy several molecules of 

ozone 

C. Deterioration of stratospheric ozone layer affects the 
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planet’s life (bios) 

D. The temperature in stratosphere increases with 

altitude 

E. In the North Pole area the ozone layer depletion is less 

significant than at the South Pole, although in the 

northern hemisphere there are more polluting activities 

F. Ozone production is highest in upper tropical 

stratosphere 

G. Depletion of the ozone layer leads as well, through 

“plants” link, to the decrease of its concentration 

Test assessment and scoring scale is given in Table 2. 

 

Table 2. Test assessment and scoring scale 

No. 

item 

Correct answer (italic) Score 

partial total 

1 A b 1 

4 

1 B b 1 

1 C a 1 

1 D a 1 

2 Radiations/ energy/ global warming/photosynthesis/ water evaporation/ 

thermic energy/ thermal balance/global warming/ UV radiations/ IF 

radiations/thermal balance/ anthropic activities/global warming/ pollutants/ 

ozone layer/ greenhouse effect 16·1 16 

3 A Freons are colourless, odourless, non-flammable, non-toxic to humans, 

chemically inert, easily liquefiable under pression and quickly evaporate 

when pressure decreases 8 

 

 

 

 

70 

3 B The radical-chlorine atom combines with the oxygen atom and the formed 

CIO radical attacks reacts with a new oxygen atom; thus consuming the 

oxygen atoms which normally lead to ozone formation and releases chlorine 

that also destroys ozone 8 

3 C When formed by the stratospheric oxygen, ozone captures high energy UV 

radiations which would  damage the cellular DNA of living things on Earth 8 

3 D At high altitudes, in the stratosphere, oxygen is decomposed by high energy 

radiations (UVC) and turned intoozone, a heat releasing process 10 

3 E Temperatures are not so low at the North Pole as to allow the emergence of 

stratospheric polar clouds (PSC) – catalysts of freons degradation and, 

implicitly, of ozone layer depletion; in addition, the polar vortex is not so 

emphasized 10 

3 F In the upper tropical stratosphere, the flux of solar radiations closer to the 

perpendicular to the Earth’s surface in the area is maximum, so the 

endothermic process of ozone production intensifies 13 

3 G Ozone destruction leads to plant destruction, thus, the photosynthesis is 

reduced, oxygen production decreases and, consequently, oxygen-formed 

ozone production decreases as well 13 

Default points 10 

TOTAL SCORE 100 

The correspondence of items with assessment objectives is shown in Table 3: 

 

Table 3. The correspondence between items and assessment objectives  

Item 
Targetted assessment objective 

E 1 E 2 E 3 E 4 

1 A   ▲  

1 B   ▲  

1 C   ▲  

1 D    ▲ 

2   ▲ ▲ 

3 A ▲    

3 B  ▲   

3 C   ▲  
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3 D   ▲  

3 E    ▲ 

3 F   ▲  

3 G    ▲ 

 

One notices that Item 2 targets two assessment 

objectives, while only one goal corresponds to all the 

other items. The items’ degree of “fulfilling” the 

objectives is shown in Table 4: 

 

Table 4. Degree of “fulfilling” assessment objectives by items  

Assessment objective E 1 E 2 E 3 E 4 

% items / objective 1/12 (8.33%) 1/12 (8.33%) 7/12 (58.33%) 4/12 (33.33%) 

 

The items are distributed into four general classes of 

cognitive complexity, according to Blooms taxonomy: 

KNOWLEDGE (A), UNDERSTANDING (B), 

APPLICATION (C) and ANALYSIS (D), as shown in 

Table 5.14 

 

Table 5. Classification of items according to cognitive level criterion 

Item 

Score of items/cognitive level of items 

A –  

Knowledge 

B - 

Understanding 

C - 

Application 

D-  

Analysis 

1 A ▲ (1%)    

1 B ▲ (1%)    

1 C ▲ (1%)    

1 D ▲ (1%)    

2  ▲ (16%)   

3 A  ▲ (8%)   

3 B  ▲ (8%)   

3 C  ▲ (8%)   

3 D   ▲ (10%)  

3 E   ▲ (10%)  

3 F    ▲ (13%) 

3 G    ▲ (13%) 

 

Table 6 reflects the extent to which the items “cover” the four cognitive levels as percentage and scoring: 

 

Table 6. The representativity, în the total score, of all cognitive type items 

Item level A B C D 

% items / type 

cognitive level 

4/12 (33.33%) 4/12 (33.33%) 2/12 (16.66%) 2/12 (16.66%) 

Maximum total score 4.00% 40.00% 20.00% 26.00% 

 

Table 7 shows the types of items used in the assessment form, based on objective scoring: 

 

Table 7. Classification of items by objectivity in scoring 

Item no. Bloom level Item type 

1 A A Objective – with double choice 

1 B A Objective – with multiple choice 

1 C A Objective – with double choice 
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1 D A Objective – with double choice 

2 A Semi-objective – gap filling 

3 A A Subjective – problem solving 

3 B A Subjective – problem solving 

3 C A Subjective – problem solving 

3 D A Subjective – problem solving 

3 E A Subjective – problem solving 

3 F A Subjective – problem solving 

3 G A Subjective – problem solving 

  

Table 5 reveals the equal percentage of items 

targeting knowledge and of those which target 

understanding cognitive acquisitions, as well as the fact 

that the total percentage of items targeting knowledge 

and understanding is double that of those targeting more 

complex conceptual operations – application and 

information analysis, as these are defining stages for the 

assimilation of cognitive skills and for the potential 

application of knowledge in the context of problem 

solving or transfer to other scientific topics, towards 

superior synthesis or holistic approaches. 

 However, grading grants a lower total score to 

items in A and B fields (knowledge and understanding) 

than to items in C and D fields (application and 

analysis), which shows the importance given, in the 

assessment test economy, to the acquired upper 

cognitive skills. 

 The quantitative results of the assessment are 

expressed by different mathematical processing of 

scores or grades into which they were converted. Thus, 

Table 8 shows the scores for each item obtained by the 

students and their grades, Table 9 shows the overall 

situation of item solving in different aspects, Table 10 

reflects the situation of overall item solving, relative to 

their cognitive level, and Table 11 records the students’ 

grades frequency. 

 

Table 8. Obtained scores / items and students’ grades 

Paper no. 
Item no. 

Total score 

(rounded 

+10 default 

points) 

Grade 

1A 1B 1C 1D 2 3A 3B 3C 3D 3E 3F 3G 

1 1 1 - 1 4 6 6 8 - - - 3 40 4 

2 1 1 1 1 11 5 3 7 - - - - 40 4 

3 1 1 1 1 14 8 8 8 10 10 8 10 90 9 

4 1 1 1 1 12 8 4 8 10 10 - 4 70 7 

5 1 1 - 1 13 6 6 6 8 8 - - 60 6 

6 - 1 1 1 14 7 5 7 7 7 - - 60 6 

7 1 1 1 1 14 8 8 8 10 8 - 10 80 8 

8 1 1 1 1 16 8 8 8 10 8 5 13 90 9 

9 - 1 - 1 14 8 5 7 7 7 - - 60 6 

10 - 1 1 1 16 7 5 8 10 10 8 13 90 9 

11 1 1 1 1 15 6 5 6 10 6 2 6 70 7 

12 - 1 1 1 8 4 - 5 - - - - 30 3 

13 1 1 1 1 16 8 6 8 10 10 5 13 90 9 

14 1 1 1 1 14 8 6 8 10 8 2 10 80 8 

15 - 1 1 1 8 4 - 4 4 4 - 3 40 4 

16 1 1 1 1 15 8 5 8 10 6 6 8 80 8 

17 - 1 - 1 6 6 - 6 - - - - 30 3 

18 1 1 1 1 8 6 2 6 - 4 - - 40 4 

19 - 1 1 1 10 6 2 8 2 4 - 5 50 5 
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20 1 1 1 1 11 6 4 8 4 8 - 5 60 6 

21 - 1 1 1 5 6 2 6 4 4 - - 40 4 

22 1 1 1 1 14 6 5 8 10 8 - 5 70 7 

23 - 1 1 1 5 6 - 6 - - - - 30 3 

24 1 1 1 1 6 5 - 5 - - - - 30 3 

25 1 1 1 1 10 7 - 7 - 7 - 5 50 5 

 

Table 9. Overall item solving situation 

Item no. 1A 1B 1C 1D 2 3A 3B 3C 3D 3E 3F 3G 

Item type 

(Bloom) 
A A A A B B B B C C D D 

Score / 

item 

 

1 1 1 1 16 8 8 8 10 10 13 13 

Maximum 

score – all 

students 

25 25 25 25 400 200 200 200 250 250 325 325 

Achieved 

score 
16 25 21 25 279 163 95 174 136 137 36 113 

% of item 

solving 
64% 100% 84% 100% 69% 81% 47% 87% 54% 54% 11% 

34.77

% 

No.of 

maximum 

score 

students 

16 25 21 25 3 8 3 12 10 4 0 3 

% 

maximum 

score 

students 

64% 100% 84% 100% 12% 32% 12% 48% 40% 16% 0.00% 12% 

No. of 

students 

with 

partial 

solution 

- 0 0 0 22 17 16 13 7 15 7 12 

% partial 

solution 

students 

- 0 - 0 88% 68% 64% 52% 28% 60% 28% 48% 

No. of 

students 

with no 

solution 

item  

9 0 4 0 0 0 6 0 8 6 18 10 
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% 

students 

with no 

solution 

item 

36% 0 16% 0 0.00% 0.00% 24% 0.00% 32% 24% 72% 40% 

 

For a more plastic illustration, the data on item solving overall situation were plotted in Figure 1. 

 

Figure 1. Analysis of item overall solving situation 

 

Table 10. Item overall solving situation, relative to their cognitive level  

Item level (bloom) A B C D 

Maximum total 

score 

100 1000 500 650 

Total score achieved 87 711 273 149 

% solution / item 

level 

87.00% 71.10% 54.60% 22.92% 

 

Figure 2 presents the degree of item solving on cognitive complexity classes. 

1 2 3 4 5 6 7 8 9 10 11 12

0%

10%

20%

30%

40%
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80%

90%

100%

Item no.

Item solving situation

% elevi fără rezol vare item

% elevi - rezolvare parțială

% elevi cu punctaj maxim

% de re zolvare a itemului
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Figure 2. Item solving degree relative to their cognitive level 

 

 

 

 

 

 

Table 11. Grade frequency 

 GRADE FREQUENCY CLASS AVERAGE 

1 2 3 4 5 6 7 8 9 10 

STUDENTS NO. 
- - 4 5 2 4 3 3 4 - 

5.88 9 6 6 4 

% students 36.00% 24.00% 24.00% 16.00% 

 

Figure 3 shows students’ grades frequency in the assessment test 

Figure 3. Students’ grades frequency in the assessment test 

By processing the results obtained by the students in the assessment for the monodisciplinary 
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taught lesson, we have found out that  

 All students answered correctly the questions 

for 1 A and 1 B items, thus having appropriately 

acquired the knowledge that during stratospheric ozone 

formation mainly ultraviolet radiation is absorbed and 

that the ozone layer depletion is caused by pollution; 

 Most students gave relatively high weighting 

solutions of items aimed at basic knowledge (according 

to Bloom categories), a foundation to the notions 

necessary for knowledge understanding and application; 

 There is a satisfactory proportion of student 

correlation between freons properties and their uses, 

they understand the biological effect of ozone layer 

depletion and have, in a rather high proportion, a correct 

vision on the role of ozone in the energetic relationship 

within the Sun-Earth ecosystem; 

 The mechanism of the ozone decomposition by 

freons is poorly mastered; 

 Application of knowledge in the explanation 

and analysis of issues implying work with geographical, 

physical and biological contents related to climate, 

latitude and altitude influence on the production or 

thinning of the ozone layer, related to the relationship 

between plants and stratospheric ozone concentration 

variation proves to be unsatisfactory; 

 The percentage of overall solving of items 

decreases significantly from the items aiming 

“knowledge” cognitive type acquisitions to the 

“understanding”, “application” and then “analysis” type 

ones; 

 Seven of the items (58,33%) were not 

approached by some students, the percentage being 

overwhelming in “applicaton” and “analysis” type 

items, especially in the item aimed at the analysis of 

ozone production relative to latitude and altitude; 

 Grade frequency shows 36% percentage of 

students with unsatisfactory grades, an equal percentage 

of of students with satisfactory and good grades (24%), 

and 16% of students with very good grades. 

 It should be noted that the class this lesson was 

taught to shows a polarization of skills and motivation 

for study, as well as a middle segment well represented, 

which is also reflected in the grade frequency specifying 

that the percentage of very good grades was almost half 

of the unsatisfactory grades percentage, and class 

average was 5.88, which shows a mendable result. 

 These assessment results, as well as the 

complexity of the ozone issue, which requires notional 

and conceptual constructs in Physics, Chemistry, 

Geography and Biology made me approach the issue of 

stratospheric ozone in an interdisciplinary team. 

The interdisciplinary approach of the topic 

focused – except the first one (O 1: To correlate the uses 

of freons with their physical and chemical properties), 

regarded as satisfactorily fulfilled in the unidisciplinary 

Chemistry lesson – the same operational objectives, 

subsumed to the specific and general skills in the field 

of Physics, Chemistry, Biology and Geography, which 

are adequate to this topic. 

 The substantial difference between the two 

classes, the mono-, respectively the pluridisciplinary 

one, consisted in the increased intake of information 

provided by each teacher, as well as in the depth, 

relevance, originality and accuracy of scientific 

scientific information each subject brought to the 

lesson.2, 4, 5, 6, 20, 17, 18, 19, 20 The teachers pass each other 

“the torch” from one learning sequence to another, 

depending on the stage of the targetted objectives, each 

applying the adequate teaching method and means. 

Moreover, the style of interactive methods was kept by 

all the teachers in the interdisciplinary approach, and the 

students’ organization followed the same path as in the 

case of the first teaching. 

 The interdisciplinary lesson ended with the 

same assessment sheet, the same assessment objectives 

as for the mono-disciplinary lesson, in order to compare 

the efficiency of the two teaching approaches. 

 At the end of the lesson, the teachers asked the 

students for a comparative qualitative assessment of the 

two teaching methods, and the unanimous satisfaction 

responses for the interdisciplinary approach provided a 

gratifying feed-back for this kind of teaching approach. 

 Homework consisted of a project. Thus, the 

students were divided into three teams which, after 

research, were to draw a poster on “Life on Earth 

wouldn’t be possible without ozone”, a poster on 

“Ozone can be… bad!”, and another one presenting 

protection measures for the stratospheric ozone layer, 

namely for minimizing tropospheric, photochemical 

ozone production. Each of the three teams was to present 

its poster, well argued, well documented, aesthetically 

designed and presented, for further assessment within a 

debate on the topic of “Good… Ozone versus Bad… 

Ozone”. 

 The quantitative results of assessment through 

the items of the assessment sheet in the interdisciplinary 

lesson are presented in the tables below. Thus, Table 12 

shows the scores obtained by the students for each item 

and their grades, Table 13 reveals the item solving 

overall situation in different aspects, Table 14 reflects 

the situation of overall item solving, relative to their 

cognitive level, and Table 15 records the students’ 

grades frequency. 

 

 

Table 12. Obtained scores / items and students’ grades after the interdisciplinary approach  

Paper no. 
Item no. 

Total score 

(rounded + 

10 default 

points) 

Grade 

1A 1B 1C 1D 2 3A 3B 3C 3D 3E 3F 3G 

1 1 1 1 1 8 7 6 8 6 4 3 4 60 6 

2 1 1 1 1 14 8 4 8 4 2 - 6 60 6 
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3 1 1 1 1 16 8 8 8 10 10 9 11 80 8 

4 1 1 1 1 16 8 6 8 10 10 6 10 90 9 

5 1 1 1 1 14 8 6 8 8 8 - 5 70 7 

6 1 1 1 1 15 7 6 7 10 8 4 3 70 7 

7 1 1 1 1 16 8 8 8 10 8 3 9 80 8 

8 1 1 1 1 16 8 8 8 10 9 10 13 100 10 

9 1 1 - 1 14 8 6 7 8 8 2 5 70 7 

10 1 1 1 1 16 8 8 8 10 10 13 13 100 10 

11 1 1 1 1 15 7 6 8 10 7 3 7 80 8 

12 -  1 1 9 5 1 5 2 - - - 30 3 

13 1 1 1 1 16 8 8 8 10 10 13 13 100 10 

14 1 1 1 1 15 8 7 8 10 8 4 10 80 8 

15 1 1 1 1 13 8 6 8 10 7 4 4 70 7 

16 1 1 1 1 16 8 6 8 10 8 8 10 90 9 

17 - 1 - 1 7 6 - 7 2 2 - - 40 4 

18 1 1 1 1 11 7 6 8 6 4 - 8 60 6 

19 1 1 1 1 11 8 4 8 6 5 2 6 60 6 

20 1 1 1 1 14 8 4 8 6 9 4 6 70 7 

21 1 1 - 1 6 8 4 7 7 2 2 4 50 5 

22 1 1 1 1 16 7 8 8 10 8 5 10 90 9 

23 - 1 1 1 8 8 - 7 4 - - - 40 4 

24 1 1 1 1 9 7 4 8 4 4 - 4 50 5 

25 1 1 1 1 12 7 4 8 6 7 - 6 60 6 

 

Table 13. Overall situation of item solving after the interdisciplinary approach  

Item no. 1A 1B 1C 1D 2 3A 3B 3C 3D 3E 3F 3G 

Item type 

(Bloom) 
A A A A B B B B C C D D 

Score / 

item 
1 1 1 1 16 8 8 8 10 10 13 13 

Maximum 

score – all 

students 

25 25 25 25 400 200 200 200 250 250 325 325 

Achieved 

score 
22 24 22 25 323 188 134 192 189 158 95 167 

% of item 

solving 
88% 96% 88% 100% 80% 94% 67% 96.% 

75.60

% 

63.20

% 

29.23

% 

51.38

% 
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No. of 

maximum 

score 

students 

22 24 22 25 8 16 6 19 12 4 2 3 

% of 

maximum 

score 

students 

88% 96% 88% 100% 32% 64% 24% 76% 48% 16% 8% 12% 

No. of 

students 

with 

partial 

solution 

3 1 3 0 17 9 17 6 13 19 15 19 

% 

Students 

with 

partial 

solution 

12% 4% 12% 0.00% 68% 36% 68% 24% 52% 76% 60% 76% 

No. of 

students 

with no 

solution 

Item 

3 1 3 0 0 0 2 0 0 2 8 3 

% Item 

students 

with no 

solution 

12% 4% 12% 0.00% 0.00% 0.00% 8% 0.00% 0.00% 8% 32% 12% 

For a more plastic illustration, the data on the overall 

situation of item solving following the interdisciplinary 

approach were plotted in Figure 4. 

 

Figure 4. Analysis of the situation of overall item solving, following the interdisciplinary approach 

 

Table 14. Overall item solving situation relative to their cognitive level, following the interdisciplinary teaching approach  

Item level (bloom) A B C D 
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Maximum total 

score 
100 1000 500 650 

Total score achieved 93 837 347 262 

% solving / item 

level 
93.00% 83.70% 69.40% 40.30% 

 

Figure 5 shows the degree of item solving by cognitive complexity classes. 

Figure 5. The degree of item solving relative to their cognitive level, following the interdisciplinary teaching approach  

 

Table 15. Grade frequency after the interdisciplinary teaching approach  

 
Grade frequency 

Class average 
1 2 3 4 5 6 7 8 9 10 

Students’ 

number 

- - 1 2 2 5 5 4 3 3 

7.04 3 7 9 6 

% students 12.00% 28.00% 36.00% 24.00% 

 

Figure 6 illustrates students’ grades frequency in the assessment test following the interdisciplinary teaching approach 
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Figure 6. Students’ grades frequency in the assessment test following the interdisciplinary teaching approach 

 

RESULTS AND DISCUSSIONS 
 

Analyzing indicators which compare the results of the 

two teaching approaches on the issue of stratospheric 

ozone, the mono-, and the interdisciplinary method, 

respectively, we have recorded their variation in Table 

16.  

 

 

Table 16. Variation of indicators reflecting the level of students’ acquisitions following the inderdisciplinary teaching 

approach  

Analyzed indicator 
Monodisciplinary 

lesson  

Interdisciplinary 

lesson 

Variation of analyzed 

indicator 

Class average 5.88 7.04 1.16 points increase 

Grade 

frequency 

3-4 

 
36.00% 12% students 24.00% decrease 

5-6 

 
24.00% 28.00% 4.00% increase 

7-8 

 
24.00% 36.00% 12.00% increase 

9-10 

 
16.00% 24.00% 8.00% increase 

% item 

types 

solving  

“Knowledge” 

type items 
87.00% 93.00% 6% increase 

“Understan 

ding” type 

items  

71.10% 83.70% 12.6% increase 

“Aplication” 

type items 
54.60% 69.40% 14.8% increase 

“Analysis” 

type items 
22.92% 40.30% 17.38% increase 

Number of not 

approached/ not solved (0 

points) 

61 22 63.93% decrease 

% not solved items  

(0 points) 
7/12 (58.33%0 5/12 (41.66%) 16.67% decrease 

1 2 3 4 5 6 7 8 9 10
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Number of integral 

solutions 
130 163 25.38% increase 

% of item solving 

1220 

points/max.2250 = 

54.22% 

1539 points/ max. 

2250 = 68.4% 
14.18% increase 

 

Analysis of the results obtained by students in 

the assessment for the interdisciplinary lesson 

and their comparison with those obtained in 

the monodisciplinary teaching approach 

lesson reveals: 

 the more detailed presentation of 

issues poorly assimilated in the 

monodisciplinary lesson brought about an 

increase in the item solving percentage. Thus, 

the percentage of solving items aimed at 

understanding the mechanism of ozone 

decomposition by freons, knowledge 

application in explaining and analyzing 

issues that imply working with constructs 

from Geography, Physics and Biology related 

to the influence of climate, latitude and 

altitude on the production or thinning of the 

ozone layer, related to the relationship 

between plants and the variation of 

stratospheric ozone concentration, increased 

significantly; 

 class average rose by 1.16 points, 

 the frequency of small grades 

decreased in favour of good and very good 

grades; 

 the percentage of all items solved 

increased (by 14.18%), especially the 

cognitive “application” level (by 14.8%) and 

the “analysis” ones (by 17.38%); 

 there was a decrease in insuccessful 

approaches of items (with 0 score) or in the 

disinterest of approaching certain items, with 

63.93%, which leads to the conclusion that 

the students’ degree of satisfaction in 

perceiving this issue in an interdisciplinary 

manner increased significantly. At the same 

time, the percentage of items not solved at all 

decreased by 16.67%; 

 the number of completely solved 

items increased by 25.38 

 

CONCLUSIONS 
 The interdisciplinary approach has 

added value to the lesson in terms of 

information (adequate to systemic 

understanding, appropriate to the lesson 

sequences, rigorously presented by each 

specialized teacher, from methodical and 

scientific points of view) valorized and 

learned, and of the motivation for studying 

this topic, due to to the novelty of team work, 

both for students and for teachers. 

 The teaching research presented in 

this paper is a plea for the interdisciplinary 

approach to the issue of ozone, in particular, 

but also other polyvalent issues in terms of 

methodological and scientific approaches. 

These approaches provide an ascendant in the 

knowledge, comprehension, application and 

systematic analysis of knowledge in related 

areas, stimulating the students’ motivation 

and enthusiasm for the study of sciences. 
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Abstract: The overall objective of this paper work is to study the influence of the solvent on the 

extraction of anthocyanins from forest fruits and to track the stability of these natural pigments 

from the obtained extract. 
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INTRODUCTION 

 
Anthocyanins are the most important 

pigments of superior plants; these are non-

toxic and are easily incorporated into water 

based compounds and could be used as 

natural water-soluble dyes. Anthocyanins are 

obtained from grapes, forest fruits, red 

cabbages, apples, radishes, tulips, roses, 

orchids and so on. Fruits are the most 

important source of anthocyanins from 

nature. These can be found mainly in the 

fruit peel, like apples and grapes for instance 

but can also be found in the fruit pulp of 

cherries and cranberries. Because of their 

color, which varies from orange and red to 

blue, anthocyanins could be the ideal 

replacement for synthetic red dyes, however 

the usage of these natural pigments is not 

convenient because of their low stability 

caused by the pH, the storing temperature, 

presence of enzymes, light, oxygen, etc. 

Another important property of anthocyanins 

is being antioxidant, which plays a vital role 

in preventing neuronal and cardiovascular 

diseases, cancer and diabetes. Anthocyanins 

can improve the nutritional value of 

processed food, preventing the oxidation of 

lipids and proteins found in food products.   

 

 

 

 

 

 

 

 

 

 

 

 

THE CONCENTRATION OF 

ANTHOCYANINS IN FOREST 

FRUITS 

 
In forest fruits, the anthocyanins 

concentration is correlated with the dark 

color of the fruit, the darker the color, the 

highest concentration of anthocyanins. From 

all forest fruits, the highest concentration of  

anthocyanins can be found in cranberries 

(300-600 mg/100g fresh fruit) and black 

currant (80-810 mg/ 100 g).The  table 1 

shows the concentration of anthocyanins that 

can be found in different forest fruits28. 

Depending on the species, forest 

fruits have different quantities of individual 

anthocyanins. Strawberries and mountain 

lingonberries have a simple  anthocyanins 

profile with a single major pigment. The 

main  anthocyanin from strawberries is 3-

glucosylpelargonidin33, and for mountain 

lingonberries is 3-galactosyl cyanidin.The 

black currant contains 4 important 

anthocyanins: 3-glucosyl cyanidin, 3-

galactosyl cyanidin, 3-glucosyl delphinidin 

and 3-galactosyl delphinidin27. For 

lingonberries, the two aglycones are 

cyanidin and peonidin, which together with 

the three remains of monosaccharides: 3-

galactoside, 3-glucoside and 3-arabinosid 

give a total of six main anthocyanins. Other 

forrest fruits like cranberries and 

crowberries have a more complex 

anthocyanin profile. Both types contain five 

main aglicons: delphinidin, cyanidin, 

petunidin, malvidinand peonidin. There 

were fifteen different anthocyanins 

identified in cranberries, formed by 

combining the five aglicons with 3-

glucoside, 3-galactoside, 3-arabinosid27. The 

distribution of  anthocyanins varies between 

different types of forrest fruits but also 

between different species of the same type

. 
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Tab.1. Anthocyanins concentration found in different forest fruits28 

Type of fruit Anthocyanins (mg / 100 g fruit) 

Black currant 

(Ribes nigrum, L.) 

 

80-810 

Cranberries 

(Vaccinium myrtillus, L.) 

 

300-600 

Lingonberries 

(Vaccinium oxycoccus, 

L.) 

 

20-360 

Mountain 

lingonberries(Vaccinium 

vitis-idaea, L.) 

 

35-170 

Cowberry 

(Empetrum nigrum, L.) 

 

300-560 

Rasberry 

(Rubus ideaeus, L.) 

 

20-220 

Strawberry 

(Fragaria ananassa L.) 

 

10-80 
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METHODS OF ANALYSIS: 

EXTRACTING AND 

OBTAINING ANTHOCYANINS 
The solvent extraction is the most 

common method used for extracting diferent 

compounds that are found in fruits. Phenolic 

compounds were extracted by soaking fresh 

fruits into extraction solvents or by grinding, 

drying or freeze-drying the fruits folowed by 

solvent treatment.  Anthocyanins are polar 

molecules, so the most common solvents 

used for extraction are lower alchohols 

(ethanol, methanol) and acetone or mixing 

them with water. The use of these solvents 

results in the coextraction of nonphenolic 

compounds, such as saccharides, organic 

acids and proteins, for obtaining 

anthocyanins further purification processes 

(for example, solid phase extraction) are 

necessary. Choosing the extraction method 

is done as such so that the extraction 

coefficient of pigments is the highest and the 

one of the other compounds is the lowest 

and also the degradation of compounds 

during the extraction process should be 

prevented. 

Amongst the most common methods of 

extraction are the ones that use methanol or 

acidified ethanol as extractors. From these 

two, the methanol extraction is the most 

efficient one; it has been determined that in 

the case of  anthocyanins extraction from 

grapes, the methanol extraction is 20% more 

efficient than the ethanol one, and 73% more 

efficient that the one using plain water24, 

however in the food industry, ethanol is 

preffered because of the methanol's toxicity. 

As mentioned, the raw material submitted 

for extraction contains other classes of 

compounds that can interfere with 

anthocyanins, masking or changing their 

properties. 

The process of obtaining the anthocyanins 

extract requires in most of the cases a pre-

processing of the raw material to eliminate 

the undesired influence of certain factor, the 

pre-processing includes using mecanical, 

phisico-chemical and chemical methods. 

Industrial installations for modern 

extractions allow us to adapt the grinding 

and mixing of raw material, temperature, 

pH, time of extraction, ratio between the 

mass of raw material and the solvent 

volume, which enables to forecast the 

quality and quantity of the resulted extract. 

 

 

Anthocyanins extraction 

A. Room temperature 

Weigh 2 grams of dried berries and mix by 

shredding, then put them in a Berzelius 

beaker. Add 50 ml of solvent (water, 

ethanol) and leave at room temperature for 

10 minutes. After this time, the mix is 

filtered under vacuum. The extract is 

introduced in a volumetric flask of 50 ml 

and calibrated using solvent. The obtained 

solution is used to determine the 

anthocyanins from forest fruits. The process 

is reiterated at 20, 30, 40, 50 and 60 minutes. 

In order to investigate the effect of stiring 

for the extraction process, the same 

experiment is done, but the mix is stirred for 

10 minutes. 

B. High temperature 

In this case, we used water at boiling point 

(1000C), in which we added 2 grams of dried 

forest fruits. After 10 minutes, the mix was 

filtered, cooled then the procedure described 

above (A) was applied. 

 

Using the pH differential method to 

determine the level of monomeric 

anthocyanins 

A.Preparing the buffer solutions 

 Buffer solution of KCl, 0.025 M with 

pH 1.0: 1,96 grams KCl is stirred with 

980 ml distilled water in an Erlenmeyer 

beaker. Measure the pH of the solution 

and adjust to 1 using concentrated HCl. 

Transfer in a volumetric flask of 1 liter 

and calibrate using distilled water. 

 Buffer solution of sodium acetate 0.4 M 

with pH 4.5: Stir 54,43 grams of sodium 

acetate trihydrated with 960 ml distilled 

water. Measure the pH and adjust to 

value 4.5 using concentrated HCl. 

Transfer in a volumetric flask of 1 liter 

and calibrate using distilled water. 

 

B. Determine the level of anthocyanins 

 Prepare 2 diluated solutions 1:1 with 

buffer solution, one with buffer solution 

with pH=1, the other with pH = 4.5, 

then leave for 15 minutes to balance. 

 Bring the spectophotometer to zero 

(using distilled water) for every wave 

length used. 

 Measure the absorbance of the two 

diluated solutions at different wave 

lengths: at λvis-max (515 nm)and 700 nm 

(for the turbidity correction) using 

distilled water as blank sample. 

 Calculate the absorbance of the 

solutions using the formula: 
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o A = (ApH 1.0 – ApH 4.5) 525 nm – 

(ApH 1.0 – ApH 4.5) 700 nm 

 Calculate the level of anthocyanins, in 

cyanidin-3-glucoside equivalents, in 

mg/l extract. The molecular weight and 

the extinction coefficient used in the 

formula correspond to cyanidin, having 

M=449.2 and ε= 24600. 

 

 

RESULTS AND DISCUSSIONS 
 

 

Anthocyanins reversibly change color once 

the pH is modified which limits 

anthocyanins from being used eficiently as 

food colorants for many applications, but 

offer an easy and convenient method for 

measuring total pigment concentration. The 

colored oxonium form predominates at 1.0 

pH and the colorless hemiketal form at 4.5 

pH (Fig. 1). The difference of absorbance 

between the solutions with different pH 

values is due to the monomeric anthocyanin 

pigments. The pH-differential method is 

based on this reaction and permits accurate 

and rapid measurement of the total 

anthocyanins from different matrices, even 

in the presence of other interfering 

compounds18. The reversible transformations 

in the anthocyanins structure, caused by pH 

modification, show different spectra of 

absorbance. (Fig. 2)  

To determine the total monomeric 

anthocyanins from the sample that contains 

also other phenolic compounds, the 

absorbance of the solution is measured for 

the two values of the pH, at two different 

wave lenghts:  λmax and 700 nm. This is 

possible because anthocyanins have the 

same absorbance wavelength between 490-

550 nm. 

 

. 

 

 

 

Fig.1. Structures of flavynium cation (A) and the hemiketal form of anthocyanins 

R=H or glycosidic substituent 

 

 

λ (nm) 

Fig.2 UV-Visible spectra of anthocyanins in at pH=1.0 and pH=4.5 buffers
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The total concentration of  anthocyanins is 

calculated based on molecular weight and  

molar extinction coefficient of the 

anthocyanin compound that can be found in 

the highest proportion in the sample.  The 

molar absorbancy coefficients are the 

absorbance of a solution of 1% 

concentration measured in a pathlength of 1 

cm, at the wavelength characteristic to the 

maximum absorbancy from the visible 

domain. The absorbance depends on the 

chemical structure of the anthocyanin 

pigment, but also on the solvent used to 

determine it (table 2), (table 3). When using 

this procedure, extinction coefficients 

determined in aqueous solutions should be 

used rather than those determined in ethanol 

or methanol because of solvent effects. The 

number of anthocyanins for which the molar 

extinction coefficients was calculated is 

however limited.

 

 

Tab.2. Molar absorbance of anthocyanins 

Pigment Solvent Molar absorbance (ε) 

Cy 1% HCl in ethanol 24600 

Cy-3-Glu Aqueous buffer pH=1 26900 

Dp-3-Glu 1% HCl in methanol 

10% ethanol;pH = 1,5 

29000 

23700 

Mv 0,1% HCl in ethanol 37200 

Mv-3,5-diGlu 0,1% HCl in ethanol 

HCl 0,1 N 

10700 

37700 

Mv-3-Glu 0,1% HCl in methanol 

0,1 N HCl 

29500 

28000 

Pg 0,1% HCl in methanol 19780 

Pg-3-Glu 1% HCl in ethanol 31620 

 

The total concentration of monomeric 

anthocyanin pigments is calculated using the 

formula: 

l

FMA
TA








1000
 

where: TA= Total Anthocyanins (mg/L) 

 A = absorbance, calculated using 

the formula: 

A = (Aλvis-max-A700)pH=1 - (Aλvis-max-

A700)pH=4,5 

 M = molecular weight 

F = dilution factor 

 ε = molar extinction coefficient 

(l.mol-1.cm-1) 

l =pathlength (=1c)

 

 

 

Tab.3. Molecular weight of main anthocyanins 

Compound Pg Cy Pn Dp Pt Mv 

 271 287 301 303 317 331 

+ hexose 433,2 449,2 463,2 365,2 479,2 493,2 

+ 2 hexose 595,4 611,4 625,4 627,4 641,4 655,4 

 

In order to determine the content of monomeric anthocyanin pigments extracted from 

forrest fruits, the pH differencial method was applied. 
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Fig.3. UV-VISIBLE spectra of forrest fruits extract in solutions having pH 1.0 and pH 4.5 

 

The bandwidth of maximum intensity can be 

observed, this is a characteristic of 

anthocyanin pigments at the wavelength λvis 

max = 515 nm, pH=1. The total content of 

anthocyanins was determined from the 

absorbance values measured in the obtained 

solutions after the process of extraction, 

done every 10 minutes, using water and 

ethanol as solvents. The anthocyanins 

concentration extracted using different 

solvents (water and ethanol at room 

temperature) at intervals of 10 minutes is 

shown in tab.4 and tab.5. 

 

Tab.4. Anthocyanins from forest fruits in aqueous extract 

Time of extraction Absorbance 
Anthocyanins extracted 

(cyanidin equivalent) mg/L 

10 min 0.159 21.24098 

20 min 0.2276 30.40533 

30 min 0.3459 46.20915 

40 min 0.3625 48.42677 

50 min 0.3668 49.00121 

60 min 0.4113 54.94601 

10 min stiring 0.2948 30.38265 

Tab.5. Anthocyanins from forest fruits in alcohol extract 

Time of extraction Absorbance 
Anthocyanins extracted 

(cyanidin equivalent) mg/L 

10 min 0.503667 67.28537 

20 min 0.523367 69.91712 

30 min 0.554767 74.11188 

40  min 0.639467 85.42704 

50 min 0.657867 87.88512 

60 min 0.65840 87.95637 

10 min stiring 0.608967 81.35251 

400.0 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700.0 
0.03 
0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 
1.25 

nm 

A  

515.47 
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There a notable difference between 

anthocyanin concentrations obtained using 

the two solvents (Fig. 4). In this case, the 

most efficient extraction of anthocyanin 

pigments from forrest fruits was done in 

ethanol. 

The influence of stiring over the efficiency 

of the extraction was investigated. Results 

show that stiring is actually quite essential in 

the extraction process. At the same time of 

extraction (10 minutes) the total monomeric 

anthocyanins extracted in ethanol was with 

21% higher than the extraction done when 

stiring, whereas the influence of stiring is 

more visible when water was used as the 

extraction solvent, the number of 

anthocyanins extracted in this case was 43% 

higher

. 

 

 

 

Fig.4. How solvent influences the anthocyanin efficient extraction from forest fruits 

 

 
 

Fig.5. Influence of stirring over efficiency extraction of anthocyanins from forest fruits  

 

Figure 6 shows the impact of extraction time 

over the anthocyanin pigments recovery 

grade from the forrest fruits mixture used. 

Independent of the solvent used, the longer 

the time extraction was, the more 

anthocyanins were extracted. Time 

influenced even more the extraction process 

when wáter was used as extraction solvent, 

the quantity of anthocyanins extracted was 

2.6 times bigger than in the case of the 

extraction done in 10 minutes. Similarly, for 

the same intervals of time but using ethanol, 

the quantity was 1.3 bigger.  

The combined effect of extraction time and 

solvent over the efficiency of the extraction 

process is also reinforced by the fact that at 

shorter intervals of extraction the solvent 

influence is more visible than at longer 

extraction intervals. At 10 minutes, the total 

anthocyanins extracted in ethanol is 3.2 

times bigger than the one extracted in wáter, 

while at 60 minutes, this ratio is only 1.6 

times bigger.The effect of the extraction 

time was also investigated for infusions 

obtained from a mixture of forest fruits. The 

results (tab.6) confirm that increasing the 

extraction time results in more anthocyanin 

pigments in the obtained solution (regardless 

of the temperature) 
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Fig.6. How time influences the efficient extraction of anthocyanins from forest fruits 

 

Tab.6. Anthocyanins from forest fruits in aqueous infusion 

Time Absorbance 
Extracted anthocyanins (cyanidin 

equivalent) mg/L 

5 min 0.46 21.26 

10 min 0.59 54.33 

15 min 0.65 59.78 

 

Figure 7 ilustrates the total of anthocyanins 

extracted under different conditions (room 

temperature, water boiling point, ethanol at 

room temperature) at the same time of 

extraction (10 mins). Based on the obtained 

values, it is clear that for a short extraction 

time, at high temperature the efficiency of 

natural pigments extraction increases 

considerably. Several studies show that for a 

long extraction time, the process is less 

efficient because the pigments degrade in 

hot solution.15, 6. It can be concluded that the 

ethanol extraction at room temperature is 

more efficient than the water extraction at 

boiling point  

Because the color stability of anthocyanins 

is influenced by several phisico-chemical 

factors, the degradation rate of pigments 

increases during their storage6, 14.The 

anthocyanins stability for forest fruits tea 

was analysed at room temperatura, the 

results are noted in Tab.7

. 

 

. 

 

Fig.7. How temperature influences efficiency of anthocyanins extraction from forest fruits 

 

Tab.7. Anthocyanins degradation over time 

Time (hours) 0 24 48 72 96 120 

Anthocyanins 

(mg/L) 
598.86 547.80 501.60 452.98 415.63 397.15 
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Resulted data confirm that anthocyanins 

pigments suffer degradation when stored at 

room temperature. The level of anthocyanins 

dropped by approx. 32% after five days 

(fig.8). 

To determine the cinetic parameters of 

degradation from the investigated extract, 

the variation ln(C/C0) in time is represented 

in the following graphic(Fig.9).

 

 

 

 

Fig.8. Variation of anthocyanins in time 

  

 

Fig.9. Graphical representation of the ln(C/C0) variation in time 

 

The linear variation ln(C/C0) confirms that 

the anthocyanins from forest fruits degrade 

following a cinetic of first order, 

characterized by a speed law of type: 

ln[TA] = ln[TA0] − kt 

 

where:[TA] = total monomeric anthocyanins 

at specific time t (mg/L) 

[TA0] = initial monomeric anthocyanins 

total (at specific time t0) (mg/L) 

 k = speed constant (days-1) 

 t = time of reaction (days) 

 

The half time of the reaction can be 

calculated using the following formula: 

 

t1/2 = (ln0.5)/k 

 

The value of the speed constant (determined 

from the graphical representation in Fig. 9) 
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is 0.0037 hours and the corresponding half-

time value is 187.3 ore (7.8 days). These 

results are in-line with the rest of the studies 

done on the stability of anthocyanins from 

forest fruits. 

 

CONCLUSIONS 
1. Because they are beneficial for health, 

the usage of anthocyanin molecules as 

natural pigments for several food 

products is expected to increase in the 

next years.  

2. The pH differential method was 

successfully used to determine the level 

of anthocyanins in forest fruit extracts. 

3. It was confirmed that the solvent 

influences the efficiency of the 

extraction of anthocyanin pigments 

from forest fruits.   

4. Extraction time has a major influence 

on the efficiency of the extraction of 

anthocyanins from forest fruits. 

5. The stability of anthocyanins from 

forest fruits tea changes during storage 

time.
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Abstract: In this paper we studied the essential oil, which was separated of orange peel.  

Orange oil mainly consists of monoterpene hydrocarbons (α- and β-pinene, myrcene, camphene, limonene, 

ocimen, α-felandren, p-cymene), oxygenates terpenes (linalool, α-terpineol, nerol, citronellol, citronellal, 

citral, acetates of linalyl, geranyl and neril, β-phenoxyethanol, etc. 

Obtaining the oil from  orange peel was made, by extraction with Soxhlet extractor. For the essential oil 

obtained  was determined, the  physico-chemical properties. Essential oil from orange peel is used in 

perfumery and flavoring for sweets. 

 
Keywords : essential oil from orange peel, monoterpene hydrocarbons, physico-chemical analysis      
 

 

1. INTRODUCTION 
 

The first mention about oranges appears in Arabic 

script, but the period and  first  ways of cultures in 

Europe remain uncertain. Orange blossom is the 

symbol of State Florida and it is associated with 

good luck. In the past, bridal bouquets containing 

the orange blossom. The essential oil of orange 

looks like a greenish liquid, with aromatic odor 

and taste, characteristic. It is obtained from 

pericarp the orange fruit, that is grown in the US, 

Brazil, Mexico, Guinea, Italy, Greece, Israel. The 

essential oil  consists of a mixture of terpenes. The 

main chemical substances that have been 

identified in the chemical composition of the 

essential oil of orange (Citrus sinensis L.) are 

terpenes: α- and β-pinene, myrcene, camphene, 

and (+) - limonene which representing about 90-

96% of oil volatile orange. 

 

A). Myrcene 

 
Myrcene has a pleasant aroma, sweet, balsamic, 

fresh, it is also found in the other oils. One can get 

synthetic by β-pinene pyrolysis and by linalool 

dehydration. 

 

B). Limonene 

 
 

Limonene has a smells fresh, citrate of lemon,  it 

is found in citrus (+) in the conifers and other 

volatile oils. He be can obtained by sintetic, by 

isomerization of β-pinene and α-pinene. 

 

C). α-Pinene 

 
α-pinene has a smell of fir, is found in coniferous 

turpentine, turpentine and the other volatile oils. 

 

D). β –Pinene 

 

 
β -Pinene smells of fir, is found in coniferous, 

turpentine, and other volatile oils. 

CH2

CH2

H3C CH3

CH2H3C

CH3

H3C
CH3

CH3

CH2
H3C

CH3
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 E). Camphene 

 
Camphene has a smell of camphor is found and in 

conifers. He be can obtained synthetically from 

pinene by addition of the HCl and 

dehydrochlorination. 

The essential oil of orange peel (Citrus sinensis 

L.)  also contains other oxygenates compounds, 

linalool, α-terpineol, nerol, citronellol, citronellal, 

citral, acetates of linalyl, geranyl and neril, β-

phenoxyethanol, etc. Compositions of essential 

oils being influenced by species and  the climatic 

environment of development of the plant. Gas 

chromatographic analysis of the concrete orange, 

help to establish its chemical composition. For the 

gas chromatography analysis be use the following 

conditions: 

- Polar capillary column: DB WAX or 

similar, sized 50 m x 0.32 mm x 1 mm; 

- Program temperature: 50ºC (5 min.), 50 

- 200 ° C (5°C / min ..) 200 - 250ºC (10° 

C / min.), 250ºC (10 min.) ; 

-      Injector temperature 250ºC - 

-      Detector temperature 250ºC. 

We obtain a gas chromatogram, from which be 

can determine the mass concentrations of each 

component odorant - flavoring. 

 

 
Figure 1. Gas chromatogram for essential oil of orange peel. 

1-α-pinene,  2- β-pinene, 3- sabinene, 4-Δ-caren 5-myrcene, 6-α-felandren, 7- limonene, 

8- γ-terpinene, 9- camphene, 10-octane, 11- nonanal,12-linalool,13- octane-ol, 14-terpinene-4-ol, 15-neral, 

16-α- terpineol, 17-citronellol, 18- carvone, 19- β-felandrene. 

 

In this paper we will present the results for several 

physico-chemical analysis of essential oil 

separated from orange peel. 

 

2. EXPERIMENTAL DATA    
      

Obtaining the volatile oil of orange peel 

was done by steam entrainment of water, followed 

by drying of the essential oil obtained on 

anhydrous sodium sulfate and by redistillation. 

After that, orange essential oil was subjected to 

the following physical and chemical analysis. 

 

1. Identification of limonene and 

pinene of the volatile oil from 

orange peel 

In volatile oil of orange is found, both α- 

pinene, as β-pinene, besides major limonene and 

other terpenes and sesquiterpenes. Their 

identification is based on their transformation in 

nitroso chloride and analysis of the crystals 

obtained, according to the reaction: 

 

 

CH2

CH3
CH3
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Nitrosochloropinene be crystallized under 

irregular pyramidal shapes and  

nitrosochlorolimonene under shape needle-like. 

After analyzing the obtained crystals  is found, 

that limonene is the major component. 

 

2. Determination of acidity to the 

essential oil of orange peel (Citrus sinensis L.) 

Determination of acidity for essential oil 

was made by titration with 0.1N KOH in the 

presence of 1% alcoholic solution of 

phenolphthalein. The acidity index is calculated 

using the formula: 

m

V61.5
IA N1.0


  (mg KOH/g)   

where:  V0.1N – volume of 0.1N potassium 

hydroxide solution used for the titration (ml); m - 

the mass of volatile oil taken it (g). 

 

2. Determination of phenols in essential 

oil of orange peel 

10 ml of essential oil were introduced into a 100-

ml flask, above which 1N KOH solution was 

added, the flask was closed and stirred for a few 

minutes. After stirring, we leave to stand for 1 

hour. The undissolved  oil from orange is forced 

to ascend into the neck of the balloon,in  the 

portion graduated,  by addition of a 1N KOH 

solution. 

The content of phenols, expressed as a percent 

volume,, is calculated using the formula: 

 nedizolvatuleiV(%)Fenoli _1010   

where:  Vulei nedizolvat – the volume of undissolved 

oil, read on the portion graduated neck flask 

(ml). 

 

 3. Determination of iodine index to the 

essential oil of orange peel 

Weigh 0.25 g of sample oil which was 

dissolved in 10 ml of chloroform; Add 20 ml of 

iodine bromide measured using a burette, closed 

tightly the glass and allowed to stand for 30 

minutes in the dark. Was added 30 ml of 1N 

potassium iodide and 100 ml of distilled water and 

the liberated iodine is titrated with a 0.1N sodium 

thiosulfate solution, stirring after each drop. 

When the solution is pale, place 1 ml aqueous 1% 

soluble starch indicator and continue the titration 

with thiosulfate until the blue coloration of the 

solution is disappeared. Perform a blank test in 

parallel under the same conditions and with the 

same quantity of chloroform and  bromide 

solution iod. Index of iodine is calculated using 

the formula: 

m

)VV(269.1
.I.I

0 
  (g I2/g sample) 

where:  V0 -the volume of sodium thiosulphate 

solution used in the titration of the blank (ml); V 

– the volume of sodium thiosulphate solution used 

in the titration of the sample oil  (ml); m – mass of 

oil taken for analysis (g). 

 

4. Determination of the refractive index of the 

essential oil of orange peel 

To determine the refractive index was 

used the Abbé refractometer. Power is done by 

opening the two prisms (thermostated at 20°C) 

and putting a few drops of sample on the prism, 

or by feeding prisms slightly parted with a few 

drops of a suitable pipette.  

The prisms is then closed and the device 

is allowed to stand for a few minutes before the 

determination, so as to equalize the temperature 

of the sample to that of the refractometer, after 

which reading is performed. Between readings, to 

clean the prisms by means of an absorbent textile 

material, and then using a piece of cotton soaked 

in suitable solvent (e.g., ethanol, trichlorethylene, 

toluene, diethyl ether, petroleum ether) and 

allowed to evaporate the solvent. 

Calibration of the apparatus can be made using 

distilled water (
20
Dn = 1.3330). 

nitrozocloro-
    limonen

limonen

- C2H5OH

Cl
NO

HCl+C2H5 O NO+

-pinen
nitrozocloro-

   -pinen

- C2H5OH

Cl
NO

HCl+C2H5 O NO+
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3.RESULTS AND DISCUSSION 
 

Determination of acidity index for 

essential oil of orange peel was made by titration 

with 0.1N KOH in the presence of 1% alcoholic 

solution of phenolphthalein. The acidity index 

calculated is:     

  KOH/g) (mg484
6

84615

m

N10
V615

IA ,
,,.

.








where:  V0.1N – volume of 0.1N potassium 

hydroxide solution used for the titration (ml); m - 

the mass of volatile oil taken it (g). 

Determination of phenols in essential oil 

of orange peel. The content of phenols, expressed 

as a percent volume, calculated is: 

                   

  %6,4634,51010
_

1010  








nedizolvatulei
V(%)Fenoli

where:  Vulei nedizolvat – the volume of undissolved 

oil, read on the portion graduated  neck flask (ml). 

Separation and phenolic content examination may 

be performed after determining the total content 

of phenols. 

Determination of iodine index to the 

essential oil of orange peel Index of iodine 

calculated is: 

 
 

1,92
5

2,610,21,269

m

V)(V1.269
I.I.

0








 





 

(g I2/g sample) 

where:    

 V0 -the volume of sodium thiosulphate solution 

used in the titration of the blank (ml); 

V – the volume of sodium thiosulphate solution 

used in the titration of the sample oil  (ml); 

m – mass of oil taken for analysis (g). 

Determination of the refractive index of the 

essential oil of orange peel. For orange peel 

essential oil, refractive index measured by us is: 
20
Dn  =1,4715, measurement was done at a 

wavelength λ=589,3 nm, and at temperature of 

20°C. 

4.CONCLUSIONS  
 

Essential oils are volatile aromatic substances 

produced by plants and can be extracted by 

different methods. In terms of chemical 

compounds volatile oils are not unitary, but are 

mixtures of dozens or even hundreds of most 

organic substances having polyisoprene skeleton 

known as terpenes and terpenoids. It has been 

observed that the volatile oil has more compounds 

of which one is the characteristic,  the basic 

compound,  which gives the flavor of oil. 

Identification of organic compounds in plants is 

important because separation and knowledge of 

their chemical structure is the essential step in 

explaining their therapeutic action characteristic. 

Currently plants are increasingly being studied for 

their therapeutic actions. Separation and 

knowledge of the chemical structure is the 

essential step in explaining their therapeutic 

action that characterizes them. For this reason, 

methods of extraction, separation, and 

identification of compounds are the most 

important steps in analyzing the chemical 

composition of plants. Qualitative and 

quantitative determination of volatile compounds 

present in the oils is a subject of modern research. 

For essential oil of orange peel we determinate, 

following chemical analyzes, several parameters, 

which can help us in determining the quality of 

extract of orange peel. After examining the values 

determined for the acidity index, iodine, phenol 

content, is found that the  values determined for 

parameters of essential oil of orange peel, are 

within normal limits, the separated oil entering the 

category of essential oils the good quality. 

 

 

 

 

. 
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Abstract: This paper presents the optimal conditions of separation of copper and ferrous ions resulted  

from residual solutions, and their revaluation as  microelements  fertilizers, as metal-ammonium 

phosphates. 

In order to precipitate this ions, we used diammonia phosphate and ammonia solution 25%.  We 

studied the influence of certain factors (solution concentrations, temperature, process duration) about 

separation degree of copper and  ferous ions. 

We determined the optimal conditions of the synthesis of copper and iron-ammonium phosphate, who 

determined a maximum separation degree of copper  and  iron from solution. 

Key words: copper and iron-ammonium phosphates, separation degree, microelement fertilizer. 

 

INTRODUCTION 
All around the world, a special attention is 

being payed to the development and 

modernization of the mineral fertilizer 

industry. The agricultural sector especially 

needs concentrated and complex, solid and 

liquid fertilizer assortments and fertilizers with 

microelements[1]. 

Today, in the world, there is the tendency of 

improving of existing technologies and to 

promote new technologies, so called „clean 

technologies”, without production of wastes or 

with possibility of waste recycling. 

In this paperwork, we studied the optimal 

conditions of separation of copper and ferrous 

ions from residual solutions resulted from 

galvanic industry, and their revaluation as 

metal-ammonium phosphates. 

 

METHODS, TECHNIQUES,  

MATERIALS 
To a previously established volume of waste 

solution, wich contents chloride copper and 

ferrous chloride of a certain concentration, 

with permanent stirring up, we added the 

diammonia phosphate saturated solution, in 

order to achieve a molar report of 

(NH4)2HPO4:(Cu2++Fe2+) = 1,02:1. The 

reaction mass was neutralized with ammonia 

(25% solution) [2]. 

The pH of the reaction mass to different 

reports NH3:(Cu2++Fe2+), taking into account 

the ammonia added. In order to determine the 

pH of the reaction mass, the analyser PH/ion 

Mettler Toledo Switzerland was used. The 

precipitate product, separated by filtration, was 

dried in the drying oven, at 70º.  

In the filtrate, the content of residual copper 

and iron was determined, and the solid 

products were subject to chemical analysis. 

The content of copper and iron from the 

filtrate and the final product was determined 

through spectrophotometry of atomic 

absorption, using the spectrophotometer of 

atomic absorption VARIAN SPECTR AA 

110. 

 

STUDY AREA 
The lab research intended to establish the 

optimal conditions of the process of obtaining 

the copper-ammonium phosphate and ferrous-

ammonium phosphate by processing with 

diammonia phosphate and ammonia of the 

solutions of copper and ferrous chloride, in 

order to achieve a maximum degree of 

separation of the copper and iron from the 

solution [2,3]. 

 

pH of the reaction mass 
The waste solution, which contains copper 

chloride (76 g/l) and ferrous chloride (195 g/l), 

was treated with diammonia phosphate 

saturated solution, in order to achieve a molar 

report of (NH4)2HPO4:(Cu2++Fe2+) = 1,02:1. 
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The reaction mass was neutralized with 

ammonia (25% solution). 

Because the pH of the reaction mass represents 

the control parameter of the process of 

neutralization with ammonia, the dependence 

of the pH from the molar report and the mass 

report NH3:(Cu2++Fe2+) was determined. The 

experimental data obtained are presented in 

figure I. 

 

 

 
 
Figure I. The dependence of the reaction mass’s pH from the report NH3:(Cu2++Fe2+)  (molar), for a 

solution with a content of 76 g/l Cu2+and 195 g/l Fe2+, at a molar report (NH4)2HPO4:(Cu2++Fe2+) = 

1,02:1, at 25º. 

 

 
After adding the diammonium phosphate, the 

reaction mass has the pH = 5,05, which 

represents the starting point of the 

neutralization process with ammonia of the 

reaction mass. 

The experimental data proves that between the 

reaction mass’s pH and the report 

NH3:(Cu2++Fe2+), there is a well defined 

difference. The curve traced indicates three 

fields: the first field, corresponds to a slow 

increase of the pH (pH = 5,05-5,51); the 

second field, determines a sudden increase of 

the pH (pH = 5,51 – 7,90); the last field,  when 

the pH slowly increases to a constant value. In 

this field, the partial pressure of the ammonia 

over the system increases, leading to 

ammonium loss [4,5]. 

 

RESULTS AND DISCUSSIONS 

Separation degree of the copper and 

iron in the solution 
In order to establish the best conditions of the 

process of obtaining the copper and ferrous-

ammonium phosphates from copper and iron 

chloride solutions, by processing with 

diammonia phosphate and ammonia, the 

influence of certain parameters was analyzed 

(the final pH of the reaction mass, 

temperature, concentration of the chloride, 
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duration of the process) over the separation 

degree of copper and iron. 

The experimental data regarding the influence 

of the reaction mass’s pH over the separation 

degree of the copper and iron from the solution 

are presented in figure II.  

The separation degree of the iron from the 

solution, after adding the diammonia 

phosphate (saturated solution) is α = 97,65%. 

The separation degree of the copper from the 

solution, after adding the diammonia 

phosphate (saturated solution) is α = 99,91%. 

The maximum separation degree of both 

copper and iron corresponds of  the optimum 

pH mass of 6,53. 

Temperature 

The experimental data regarding the influence 

of temperature over the degree of  

separation of copper and iron from the solution 

are detailed in figure III. 

According to the experimental data, it results 

that, at an optimum pH, the separation degree 

of the copper and iron is maximum and does 

not depend of the temperature (within the 

limits studied). The optimum temperature is 

considered of 55º, because at this temperature 

a crystalline precipitate is obtained, precipitate 

that is easily decanted and filtered [2,4,5]. 

Duration of the process 
The experimental research proved that, in pH 

optimum conditions, in order to obtain a 

crystalline, easy to filter precipitate, it is 

necessary for the duration of the process to be 

about  55-60 minutes.  

 

 

 

Figure II. The dependence of the separation degree (α) of the iron and copper from the solution from 

the pH of the reaction mass, for a solution with a content of 195 g/l Fe2+ and 76 g/l Cu2+, at a molar 

report (NH4)2HPO4:(Fe2++Cu2+) = 1,02:1, at 25ºC. 

 

CONCLUSIONS 
The experimental research regarding the 

influence of various parameters over the 

separation degree of copper and iron from the 

chlorine solutions allowed the establishment of 

optimum conditions of the process of 

obtaining the copper- and ferrous-ammonium 

phosphates. 
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The optimum conditions of the processing 

time of the copper and iron  chlorine solutions 

with diammonia phosphate and ammonia, 

determining a maximum separation degree of 

the copper and iron, respectively the shaping 

of a crystalline precipitate that is easily 

decanted and filtered are: molar report 

NH3:(Fe2++Cu2+) = 1,02:1, reaction mass’s pH 

~ 6,5, temperature 55º, duration of process is  

55-60 minutes [2,4].  
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Figure III. The dependence of the separation degree (α) of the copper and iron from the solution from 

the temperature, for a solution with a content of 195 g/l Fe2+ and 76 g/l Cu2+, at a molar report 

(NH4)2HPO4:(Fe2++Cu2+) = 1,02:1= 1,02:1, at an optimum pH. 
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Abstract.In the last decade, low-dimensional nanostructural materials have attracted increasing 

scientific and technological attention due to their physical properties and their potential 

applications. Dimensionality has a crucial role in determining the properties and performance of 

nanomaterials. Therefore, the control of size and shape of nanomaterials it is of great importance. 

Titania nanotubes have improved properties compared to any other form of titania for 

applications in water and air purification photocatalysis, sensing, water photoelectrolysis for 

hydrogen generation, photovoltaics, photoelectrochemical solar cells, electronics and optics.  

In the present study, the electrochemical characteristic and morphology of anodized 

oxide film on cp-Ti in  etilen glycol + 2%v/v H2O + 0.5wt%NH4F are investigated using 

potentiodynamic polarization, ac-impedance, complemented with SEM and EDX analysis 

examinations to predicate the suitable conditions for preparing the anodized oxide films on Ti to 

be good for  batteries anodes. Different anodization voltages were applied to investigate the most 

suitable voltage required for anodization. 

Key words: nanostructure, battery, potentiodynamic polarization.

 

 

1. Introduction 

 
Ordered TiO2 nanostructures have 

garnered much research for their use in solar 

energy applications [1]. TiO2 can be formed 

by the anodization method leads to an 

aligned array with an adjustable morphology 

that can be optimized for its various 

applications. The morphology parameters, 

e.g., nanotube length, diameter, smoothness, 

depend on the anodization conditions, such 

as voltage, electrolyte composition, 

temperature and anodization time. 

 Various organic electrolytes 

containing fluoride ions have been used to 

synthesize TiO2 nanotube arrays of extended 

lengths [2]. In this study, TiO2 nanotube 

arrays were fabricated by the anodization of 

titanium foils in ethylene glycol solution 

containing hydrofluoric acid. The 

microstructure of the TiO2 nanotubes was 

studied by scanning electron microscopy 

(SEM) with an EDS detector. 

The objective of this study is to 

investigate the effect of anodization time 

and the post-treatment (ultrasonication) on 

the nanotube characteristics. The charge 

transfer resistances were investigated by 

electrochemical impedance spectroscopy 

(EIS). With this technique it is possible to 

identify the phenomena proceeding within 

the different elements (electrolytic solution, 

electrodes, etc.) at the interfaces between 

these materials. Several parameters 

regarding the electrons transport can be 

determined and give an indication about the 

specific surface of the TiO2 nanotubes.  

 

2. Experimental part 

 
2.1. Preparation of TiO2 nanotube 

arrays  

 

The amorphous TiO2 nanotube arrays 

were fabricated by the anodization of 

titanium foils (25 x 25 mm, 0.5 mm thick, 

99.6% purity).  

The Ti foils were ultrasonically 

degreased successively in acetone, ethanol 

and then cleaned in deionized water for 10 

min. The foils were then dried prior to 

anodization. A two-electrode configuration 

was used for the anodic oxidation, with 

platinum foil as the cathode. 

The anodization was carried out at 

constant potential. The anodization bath is 

made of ethylene glycol containing 0.2 M 

HF and 2% H2O (in volume).  

The bath temperature was maintained at 

220 C. The distance between the two 
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electrodes was fixed at 2.5 cm. A DC power 

source was used to drive the reaction and the 

anodizing voltage was set at various 

voltages (10V, 20V, 30 V and 40 V) for 

obtaining nanotube arrays. The anodization 

voltage is a crucial parameter, in particular 

to control the diameter of the nanotubes [3].  

It is demonstrated that at low anodizing 

voltage, the morphology of the porous film 

is similar to that of porous (sponge-like) 

alumina [4].  

Excessively high voltages may cause 

high local currents and can affect the 

homogeneity of the surface. After 

anodization, the samples were washed with 

deionized water. 

 

2.2. Samples characterization 

 

The morphologies of the titania 

nanotubes were studied using a field 

emission scanning electron microscope 

(QUANTA INSPECT F SEM) with a 1.2 

nm field emission gun. 

The length of the nanotubes was measured 

from cross-section images, obtained from 

mechanically cracked samples. 

 

Tafel plots. The polarization curves 

were registered between ±200mV and free 

potential at a scan rate of 2mV/s and 

corrosion parameters such as jcorr – current 

density, Ecorr – corrosion potential, Rp – 

polarization resistance and vcorr – corrosion 

rate were evaluated. 

The electrochemical impedance 

spectra (EIS) were measured by using an 

Autolab (PGSTAT N301) potentiostatic 

assembly of three electrodes in a single 

compartment using the sample as working 

electrode, platinum as a counter electrode 

and Ag/AgCl (KCl saturated solution) as a 

reference electrode.  

Measurements were carried out at 

the open circuit potential (without applying 

electrical current) and recorded over a 

frequency range of 105 Hz to 10–2 Hz with 

an amplitude of the alternating current 

potential of 5 mV. 

The active areas of all the samples 

was 1 cm2. All experiments were carried out 

in 1.5M LiOH + 4.0M KOH electrolyte.  

 

 

 

 

3. Results and discussion 

 
It has been reported that a certain 

anodization potential is necessary to yield 

ordered TiO2 nanotube arrays and 10 V was 

suggested as the lowest required potential 

[5]. In this study, we applied much higher 

anodization potential expecting to control 

the nanotube size. The anodization voltage is 

one of the most important parameters 

pertaining to the surface morphology of 

TiO2 nanotube arrays [6]. 

We will refer at three samples: 

sample1—TiO2 nanotubes obtained by 

anodizing on titanium at 10 V, sample 2— 

TiO2 nanotubes obtained by anodizing on 

titanium at 20 V, and sample 3— TiO2 

nanotubes obtained by anodizing on titanium 

at 30 V, sample 4— TiO2 nanotubes 

obtained by anodizing on titanium at 40 V. 

 

3.1. Morphology analysis  

 

In Fig. 1 we can see the 

morphology of samples S2, S3, S4, the 

diameter of the TiO2 nanotubes and also the 

length measured from SEM. All the 

parameters obtained from SEM were 

summarized in Table 1. 

For all the samples the morphology is 

specified for TiO2 nanotubes. The structure 

is uniform and tubular distributed on the 

surface of titanium samples. 

 

Table 1. The length and the diameter of the 

samples 1-4 

Sample Diameter  

(nm) 

Length 

 (nm) 

Ti anodized at 10V 50 320 

Ti anodized at 20V 65 496 

Ti anodized at 30V 78 556 

Ti anodized at 40 V 98 1393 

 

The smallest diameter and the 

smallest length were obtain for sample 1 

while the higher diameter of the nanotubes 

and the bigger length were obtained for 

sample 4. By increasing the anodization 

potential we obtain an increasing in the 

nanotubes diameter and also in length.  Our 

results are consistent with those in the 

literature [7] 
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a.)S1 

 
b)  S2           

         
c) S3 

Figure 1. SEM micrographies for samples 1-4 

 
3.2. Electrochemical analyses of TiO2 

nanotube arrays 

 

Electrochemical determinations 

have been performed at 298 K temperature. 

Tafel plots - potentiodynamic curves 

(logarithm of the measured current versus 

potential) obtained at initial immersion time 

for samples 1 to 4 are presented in Fig.2.  

The corresponding computed 

electrochemical stability data are presented 

in Table 2.   
Figure 2. Tafel plots for samples 1-4 

 

Table 2. The electrochemical parameters obtained from Tafel plots for samples 1-4 

Anodization 

potential 

jcorr(µA/cm2) Ecorr (mV) Rp (ohm) Vcorr (mm/an) 

10V 0.25 56 725 8. 6 *10-4 

20V 0.18 95 952 6.5 *10-4 

30V 0.47 102 668 1.4 *10-3 

40V 0.51 110 560 1.8* 10-3 
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As we can see from Tafel plots and from 

Table 2 the smallest corrosion rate is 

obtained for sample 2, the higher corrosion 

rate is for sample 4. This results are 

consistent to pre-researched results of some 

titanium alloys [8].  

 

3.3. EIS measurements 

 

The results of EIS tests are presented 

through Bode and Nyquist diagrams. 

 
a). Nyquist plots 

 
b). Bode plots 

Fig. 3. EIS plots for samples 1-4 

 

The EIS spectra exhibit a typical behavior 

for a metallic material covered by a porous 

film that is exposed to an electrolytic 

environment [9]. 

In the EIS diagrams, two relaxation time 

constants were clearly indicated by two 

peaks on phase angle plot (Fig. 3a) the first 

in the high-frequency part that arises from 

the ohmi electrolyte resistance and the 

impedance resulting from the penetration of 

the electrolyte through a porous film, and the 

second in the low-frequency part accounting 

for the process at the substrat/electrolyte 

interface.  It is clear that the impedance 

depends of the anodization potential from 

the Nyquist plot (Fig. 3a). 

It can be noted that the phase angle drops to 

zero degrees at high frequencies, indicating 

that the impedance is dominated by solution 

resistance. Moreover, in the low-frequency 

region, the phase angle drops slightly toward 

lower values thus indicating the contribution 

of surface film resistance to the impedance. 

The maximum value of phase shift angle in 

a wide range of frequency shown in Bode 

diagrams are similar and average of ~70o 

From Bode and Nyquist plots, equivalent 

circuits that fit the experimental data were 

proposed. (Fig. 4) 

 
Fig.4. Equivalent  circuit  used  to model  

impedance  spectra of  the   samples . 

Constant phase element, CPE, was 

introduced instead of pure capacitors in the 

fitting procedure to obtain good agreement 

between the simulated and experimental 

data. The impedance of CPE is defined as Z 

CPE  = 1/(Q(Jω)n ), where Q(ω -1 sn cm-2) is 

the combination of properties related to both 

the surface and the electro active species 

independent on frequency, “n” is related to a 

slope of the log Z vs. logf  and ω is the 

angular frequency.   

This circuit can be regarded as an electrical 

representation of a two layer model of the 

oxide film consists of a barrier compact 

inner film and a porous outer layer [10]. 

This model consists of a resistor, Rs, 

representing the solution resistance in series 

to two parallel combinations, Rb and Cb  

representing the resistance and capacitance 

of the inner barrier film and then Rp and Cp, 

representing the outer porous film resistance 

and capacitance, respectively.  

The electrochemical parameters by fitting 

the circuits are presented in Table 3

. 

Table 3. Electrochemical parameters fitting the circuits. 

samples Rs 

[cm2] 

Rb 103 

[cm2] 

Cb 

[F/cm2] 

n1 Rp 103 

[cm2] 

Cp 

[F/cm2] 

 

n2 

S1 102.5 88.5 186.2 0.96 283.2 75.8 0.89 

S2 101.8 54.8 2.85 0.95 986.5 1.89 0.90 

S3 105.1 28.6 302.8 0.96 186.4 198.5 0.91 

S4 104.6 14.5 421.7 0.94 85.8 254.4 0.85 
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The larger pore diameter in the samples 

S4 array introduces a larger effective 

exposed area in close proximity with the 

electrolyte thus enabling diffusion of 

corrosive ions in the electrolyte [11].  

The larger nanotubes provide more 

channels for the electrolyte to reach the 

barrier layer consequently increasing the 

chance of the reaction between corrosive 

ions and titanium oxide [12]. 

 

4. Conclusion 
We obtained with good results TiO2 

nanotubes on Ti samples by an anodic 

procedure in ethylene glycol containing 0.2 

M HF and 2% H2O. The Tafel curves and 

EIS results indicate that the electrochemical 

stability of the nanotubular surface depends 

on the diameter of the TiO2 nanotube. A 

diameter that is large leads to decreased 

corrosion resistance. 
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Abstract. Hexavalent chromium Cr(VI) is a major pollutant present in industrial wastewaters 

common to the metal and mineral processing, as well as plating industries.This study presents 

results at the reduction of Cr(VI) at Pt electrode in 1 N H2SO4 deaerated solutions as a function of 

chromate concentration, using potentiostatic polarisation method. Tafel slope and limiting current 

density, the kinetic parameters, are significantly modified passing from 0.01 N to 0.1 N Cr(VI) 

concentration, because of the change of the equilibrium between the different chemical species, in 

aqueous acid solution. 

Key words: Hexavalent chromium, electrochemical reduction, Pt electrode 

 

INTRODUCTION 

 
Chromium is found in group-six of 

the periodic table and has the ability to form 

stable complexes in a range of oxidation 

states from –2 to 6. Of these Cr(III) and 

Cr(VI) are the most common. Hexavalent 

chromium Cr(VI) is a major pollutant present 

in industrial wastewaters common to the 

metal and mineral processing, as well as 

plating industries. Cr(VI) is considered 

carcinogenic and mutagenic, and is capable 

of displaying considerable diffusion rates 

through soils and aquatic environments, as 

well as being a strong oxidizing agent readily 

absorbed through the skin, even in small 

quantities it irritates plant and animal tissues 

[1, 2]. 

The most probable Cr(VI) species in 

aqueous solution are , and , the relative 

distribution of which as chemical species, 

depends on the solution pH and on Cr(VI) 

concentration [3]. However, none of them 

form insoluble species of the pollutant, such 

that its separation is not feasible from the 

wastewater through a direct precipitation 

method [4].. Consequently, there is an 

increasing interest in developing procedures 

for the removal of toxic hexavalent 

chromium from environment. Many of these 

procedures rely on the reduction of Cr(VI) to 

the trivalent state, which is much less toxic 

and can be easy adsorbed at a variety of 

inorganic and organic materials at neutral pH. 

−272OCr−24CrO−4HCrO 

Among the electrochemical 

processes, the direct electroreduction of 

Cr(VI) was attempted using polyaniline film 

[5] or polypirrole films[6]. 

In this work the reduction reaction 

of Cr(VI) on platinum electrode in 1 N 

H2SO4 deaerated solutions as function of 

chromate concentration was studied by the 

potentiostatic polarisation method. 

 

EXPERIMENTAL 
The measurements were performed 

in a conventional three-compartment 

electrochemical cell separated by fretted 

glass disk, with a PS 2 potentiostat, using the 

stepwise technique of 20 and 40-mV/ 1 

minute. The working electrodes, having the 

geometrical area of 0.06 cm2, were made of 

polycrystalline platinum. Before to the 

measurements, the electrode was treated as 

following: boiled in the 50% nitric acid 

solution, washed with double distilled water. 

A platinum sheet with an area of 1 cm2 was 

used as counter electrode and a saturated 

calomel electrode (SCE) as reference 

electrode. 

The solutions were prepared from 

the chemically pure reagents and doubly 

distilled water. The Cr(VI) ion was added as 

K2CrO4. Before the measurement the 

solutions were deaerated with purified 

nitrogen for 45 minutes. All measurements 

were carried out at the room temperature 

(23±1oC). 

 

RESULTS AND DISSCUSION 
The Figure 1 shows the 

potentiostatic polarisation curves as function 

of concentration obtained at Cr(VI) reduction 

on platinum electrode in deaerated 1 N 

H2SO4 solutions. The electrochemical 

kinetics parameters are presented in Table I. 
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Fig. 1. Chatodic potentiostatic polarization curves (20 mV/ 1minute) for Cr(VI) reduction  on Pt 

electrode in 1 N H
2
SO

4 
deaerated solutions as function of K

2
CrO

4 
concentration (N): 1 – 1x10

-4

; 2 

– 1x10
-3

; 3 – 1x10
-2

; 4 – 0.1. 

 

 

The reaction kinetics of Cr(VI) 

reduction depends on chromate 

concentration. The Tafel slope decreases 

significantly with chromate concentration 

increase (Fig. 2 and Table I). Up to the 

concentration of 0.01 N K2CrO4 inclusive, 

the (n) parameters has the average value α 

approximate of 0.5, what shows that there are 

not surface processes. Contrary, at 0.1 

chromate concentration the (n) parameters 

becomes more than 2, indicating a process 

controlled by the surface reaction. α 

 

 

Table I. Electrochemical parameters of the Cr(VI) reduction on Pt electrode 

in 1N H
2
SO

4 
solutions as function of K

2
CrO

4 
concentration. 

K
2
CrO

4 
 conc., N b, mV/decade αn IL, mA/cm2 

1x10
-4

 
   

1x10
-3

 
133 0.44 0.053 

0.01 92 0.64 0.516 

0.1 23 2.56 10.166 

 

 
Fig. 2. Tafel lines for Cr(VI) reduction as function of K

2
CrO

4 
concentration (N): 

1 – 1x10
-3

; 2 – 1x10
-2

; 3 – 0.1. 
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All polarization curves are 

characterized by the limiting current density, 

of which variation with chromate 

concentration is direct proportional with this 

up to 0.01 N K2CrO4 (Table I and Fig. 3a), 

indicating a mass transfer control of the 

reaction rate

.

 

 
 

Fig. 3. The dependence of the limiting current density of Cr(VI) concentration: 

a – Concentration range of 1x10-4÷1x10-2; b) – All studied concentration range.

 

 

Figure 3b, corresponding to whole 

concentration domain, shows a polynomial 

dependence of the limiting current density of 

Cr(VI) concentration. This different 

behaviour in function of Cr(VI) concentration 

may be due to the different chemical species 

of Cr(VI) existent in acid solutions. 

The theoretical distribution of the 

predominant chemical species Cr(VI) 

depends on pH and chromium concentration, 

conform to the scheme [3] presented in 

Figure 4.  

 

In studied solutions the Cr(VI) or 

−log [Cr(VI)] has values 4, 3, 2 and 1 for 

Cr(VI) concentrations of 1x10-4, 1x10-3, 

1x10-2 and 0.1 N, respectively. The pH value 

is approximate 1. Thus in solutions 

containing ≤ 0.01 N Cr(VI) is the 

predominant specie, which reduces after 

electrochemical reaction. 

At 0.1 N Cr(VI) the predominant 

specie is and the electrochemical reduction 

reaction is give by equation: 

 

 

 
Fig. 4. Scheme of the theoretical distribution of the predominant chemical species Cr(VI)
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Therefore, for the same Cr(VI) 

concentration, the reactant concentration is 

twice more in case of reaction (2), what 

explains the increase of the limiting current 

density of 20 times, at 0.1 N comparative 

with 0.01 N Cr(VI) (Table I).  

 

 
 

 

CONCLUSIONS  
 
The kinetics of the Cr(VI) reduction on Pt 

electrode in 1N H
2
SO

4 
depends on its 

concentration. The Tafel slope significantly 

decreases and the limiting current density 

increases of 20 times when it passes from 

0.01 N to 0.1 N Cr(VI) concentration, due to 

the modification of the equilibrium between 

the different chemical species in solution.  
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Abstract. In the new perspective of the sustainable development, the increasing of the energy 

efficiency is a result of interdisciplinary studies, taking in account not only the scientific knowledge, 

but also concepts of economic and environmental protection. This paper presents a case study, made 

in Oradea and include a case study on  the monitoring of water chemical properties and discussions 

on possible influence on the corrosion and of the steel pipes of water distribution grid. 

Key words: water parameters, water pipes corrosion 

 

INTRODUCTION 

 
The complex system of heat 

transport in Oradea include: highways and 

district heating connections and the 

distribution grid is almost overlaped on cold 

water distribution grid. By the year 2009, 

there were made pipe replacement with new, 

pre-insulated pipes, only up to 8%, the rest 

being classic isolated. It is estimated that 

heating transportation losses are 26% 

compared to 5% as would be recommended. 

Main heating network has a length 

of about 426 km of pipelines and a secondary 

network of 142 km. Their state of wear is 

relatively advanced. Losses in the year 2013 

as the networks are about 13% above the 

normal 8%, perform the partial 

rehabilitation[1-5]. 

Even if the main concern is 

increasing the energy efficiency of transport 

and distribution of heat, hot water, water that 

is treated in addition to the cold water and hot 

water, can not be a question relevant about 

corrosion resistance apart from the chemical 

composition of cold water. Basically this 

study supports the idea that the problem of 

corrosion of pipelines (Figure 1) for carrying 

water should be treated in a uniform manner, 

whether it is hot or cold water taking into 

account the full complexity of the 

phenomenon: the chemical composition of 

water and and soil, microbiological 

composition, atmospheric conditions, 

temperature, pressure, flow variations, 

turbulence, stray, material issues where there 

are welds or the bimetallic corrosion

.

 

       
 

Figure 1. Cold water pipes presenting internal and external corrosion and scaling. 

 

 

Transport and distribution system of drinking 

water company belongs to SC Compania de 

Apa Oradea SA., which in addition has as 

objects not only the transport, but also the 

collection, adduction and water treatment, 

pumping water, rainwater harvesting, 

wastewater treatment and discharge them into 

the environment [5]. 

 

EXPERIMENTAL 
The experimental determinations were 

performed in a central laboratory of the SC 

Compania de Apa Oradea SA, for physical 

and chemical analysis, microbiological and 

organoleptic characteristics. Analysis 

standardized methods are presented in 

Table1. 
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Table 1. Analytical methods for chemical parameters and limits for drinking water [5] 

 

Parameter Units Value Method 

pH pH unit 6.5-9.5 SR ISO 10523/97 

Dissolved Oxygen mgO2/l 5 SR EN ISO 8467 

Total Hardness German grade. min.5 SR ISO 6059/84 

Chlorides mg/l 250 SR ISO 9297 /01 

 

 

The main objectives are monitoring 

the quality of drinking water and the waste 

that is discharged into municipal sewage, to 

discharge into the environment [5].The 

laboratory has been checked at the raw water 

and chlorinated water being pumped into the 

distribution grid and supply areas. This is 

done in a monitoring program audit treatment 

plants and supply areas [5], as required by 

law: Law no.458/2002 on drinking water 

quality, as amended by Law 311/2004 and 

Decision 974/2004. 

 

RESULTS AND DISCUSSIONS 

 
From the information extracted 

from the database BAPFCB - physico-

chemical and biological characteristics of 

water from urban [1] can plot the evolution 

over time of the measured parameters during 

01.06.2013-30.06.2013( station 1). 

 

It has made clear that the 

permissible limit refers to potable water and 

not the potentially aggressive (corrosive) 

water, which is discussed in each particular 

case. The water in thermal power plants and / 

or cooling system is a complex 

environmental corrosion.  

The major environmental factors 

which influence the corrosion of metallic 

materials, in particular carbon steel, widely 

used in the construction of these facilities are: 

the presence and concentration of dissolved 

oxygen and chlorides (Figure 2), pH (Figure 

3), the content of CO2 dissolved, the nature 

and concentration of dissolved salts, water 

hardness (Figure 4), the temperature and the 

speed of movement of water [1,6]. 

Experimental determination of the 

chemical properties of water are shown in 

Figures 2-4 and correspond  to one month, June 

2013. Graphics were made using Origin Lab 

Software. 

. 

  
Figure 2. Variation of oxigen and chloride concentrations from cold water- june 2013. 
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Figure 3.Variation of pH in cold water- june 2013 

  
Figure 4. Variation of cold water hardness-june 2013. 

 
The mechanism of corrosion process 

in natural waters (6 <pH <8) is the overall 

reaction of corrosion of iron, steel main 

element, given by the equation: 

 

Fe + H2O + ½ O2  Fe(OH)2 

 

In the presence of dissolved oxygen 

outer surface of the iron hydroxide is 

oxidized to the ferric hydroxide According to 

the reaction: 

 

Fe(OH)2 + ½ H2O + ½ O2  Fe(OH)3 

A high concentration of germs 

automatically attract a larger amount of 

chlorine used in water chlorination and 

finally, taking into account the balance: 

 

Cl2 + H2O =H+Cl- + H+ClO- 

 

a greater amount of chlorine ions, Cl-, 

resulting in the dissociation of the 

hydrochloric acid, the chemical species 

responsible for the initiation and propagation 

of the most dangerous forms of localized 

corrosion, pitting corrosion. 
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The film of rust forms on the surface 

of iron is normally from three layers of 

hydrated iron oxides with different oxidation 

states; a ferro-ferric oxide layer, Fe3O4 is 

often an intermediate layer between FeO 

black interior and exterior Fe2O3 [6]. 

Water hardness is one of the factors 

that determine the formation of the protective 

film. 

Fresh natural waters containing 

dissolved calcium and magnesium salts in 

varying concentrations, depending on the 

water source. If the concentration of such 

salts is low, the water is called soft. A soft 

water is more corrosive than a tough one. The 

mechanism of protection afforded by hard 

water is natural deposition of a thin film 

formed mostly of CaCO3 that prevents 

diffusion of oxygen from the surface. As 

shown in Figure 4, only a single day in June 

2013, the total hardness fell below the limit 

of 5. 

CONCLUSIONS 

 
Worn-out installations, the lack of 

accurate information to databases related 

causes corrosion factors of physical and 

chemical present at a time, location dropped 

to the transport and distribution grids of cold 

water leads indirectly to many problems 

related to efficiency centralized heating 

system at the level of Oradea, with heat losses 

well above the permissible values. A not very 

long-term solution is currently conducting a 

rehabilitation process by replacing old pipes 

with new ones, with better technologies. 
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Abstract: Direct geothermal uses have been reported both in Romania and Iceland. As a result of a 

research cooperation between the authors from the mentioned institutions, a geochemical assessment 

of Romanian geothermal field  is presented based on analytical data of fluids sampled at the wellhead 

of low-temperature well. Analyses of the water samples include major and minor elements. According 

to different diagrams, geothermal waters have been classified. With the aid of speciation programs, 

the analytical data were used to model individual species activities in the initial aquifer fluids that feed 

the well. The modelled aquifer fluid compositions were used to assess how closely equilibrium is 

approached between solution and various minerals. Then the deposits which have been formed by 

geothermal water utilization were structurally analysed. 

Key words: ternary equilibrium diagrams, scale  

 

 

1. INTRODUCTION  

Renewable energy is becoming an 

increasingly important part of international 

development. Geothermal energy plays the 

main role as a renewable source of energy. In 

the north-westerm part of Romania there is a 

large geothermal area, an important one being 

Oradea geothermal reservoir. It has been 

exploited by 12 geothermal wells. It was 

selected in the present study well 1717 from 

Iosia area.  The well was drilled at 3200 m 

depth. At the beginning of production the 

wellhead temperature was around 90oC, later 

becoming around 70oC. The flowrate is about 

8 l/s. 

 

2.SAMPLING AND ANALYTICAL  

METHODS  

Water sampling and treatment was 

according to inhouse practice at University of 

Akureyri from Iceland7, based on 

internationally acknowledged methodology for 

sampling1,3,4,5,8. 

Temperature, oxygen and hydrogen sulfide 

were measured on site. Oxygen was measured 

by the use of Chemetrix ampules. Hydrogen 

sulfide was measured in an alkaline solution 

by titration with mercury acetate with 

dithizone as indicator. pH was measured 

electrometric. Total carbonate was measured 

by alkalinity titration by 0.1 M HCl and back 

titration by 0.1 M NaOH after flushing the 

CO2 out ot the acidified sample by  nitrogen 

gas. 

Chloride, calcium and magnesium were  

measured in the laboratory of University of 

Akureyri with a 794 Basic Titrino títrator from 

Metrohm. Chloride was measured by 

potentiometer Mohr titration and Ca and Mg 

by EDTA titration.  

All main elements: sodium, potassium, 

calcium, magnesium, strontium, iron, silica, 

boron and sulfur were analysed by ICP-AES 

methods in Iceland. Trace elements were also 

measured in Iceland by ICP-MS techniques. 

Chloride, sulfate, bromide and fluoride were 

analysed by ion chromatography.  

The sample of scale was finely ground in an 

agate mortar and packed by pressing and 

smoothing the powder into the depression by a 

glass plate. The prepared sample was run in a  

diffractometer. The sample was radiated by Cu 

radiation (K 1) and rotated from 2Ө of 5° to 

70°. 

 

3. RESULTS AND DISCUSSIONS 
3.1. Results of water analysis 

In table 1 are shown the results of analysis of 

main elements in the water samples, in mg/L. 

There are also shown the concentrations of 
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trace elements and nutrient components. The 

data from Table 1 indicate that waters can be 

classified as calcium-sulphate, with a basic 

pH. The main cations concentrations in sample 

are relatively low. The strontium concentration 

is high compared to other geothermal waters. 

Silica is suspiciously low in the sample. The 

value of total dissolved solids is low, being 

less than 0.5g/L.   

Table 1. Chemical composition of water 

samples 

Sample 

Location Oradea-1717 

Temp.°C 71.9 

pH/°C 8.19/23 

SiO2 mg/L 2.4 

B mg/L 0.223 

Na mg/L 45 

K mg/L 17.4 

Ca mg/L 58.1 

Mg mg/L 15.8 

Sr mg/L 3.2 

Fe mg/L 0.038 

Al mg/L 1.86 

CO2   mg/L 27.1 

H2S  mg/L 0.156 

O2 mg/L 0 

SO4 mg/L 232 

Cl mg/L  32.9 

F mg/L 0.93 

Diss.sol. mg/L 459 

NH3mg/L 0.104 

Brg/L 102 

Lig/L 91.6 

Mng/L 45.1 

Mog/L 2.72 

In figures 1 and 2 the results are plotted in 

different classification diagrams9. The 

Schoeller diagram (Figure 1) utilizes the 

equivalent concentration of sulfate, carbonate, 

chloride, magnesium, calcium and the sum of 

the alkali ions, sodium and potassium on the y-

axis and these elements are lined up on the x-

axis in this order. The Durov diagram (Figure 

2) utilizes two triangular diagrams, one for 

plotting the proportions (in equivalent 

concentrations) of the main cations and the 

other for the equivalent concentrations of the 

main anions connected into a square, adding 

total dissolved solids and pH of the water 

samples in connecting rectangles.  

Concentration of chloride is rather low, about 

33 mg/L. Calcium and sodium are the main 

cations and potassium and magnesium are in 

about the same concentration. Hydrogen 

sulfide is rather low, 0.156 mg/L, but high 

enough to give some inbuilt corrosion defense. 

No oxygen was measured at wellhead. 

 

Figure 1.  Waters classification according to 

Schoeller diagram. 

 

 
 

Figure 2. Waters classification according to 

Durov diagram. 

 

For a classification in terms of the major 

anions Cl-, SO4
2- and bicarbonate, the 

triangular diagram1 was used, where the 

position of a data point in this diagram is 

obtained by evaluating the percentage of Cl-, 

SO4
2- and HCO3

- relative to the sum of the 

concentrations (in mg/L) of all three 

constituents. The data points for the 

geothermal waters from Iosia, well 1717 plot 

(Figure 3) in the field of steam heated waters, 
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within the field of more than 80% sulphate and 

about 15% bicarbonate. 

 
Figure 3. Major anions ternary diagram 

 

The Na-K-Mg ternary diagram of Giggenbach6 

and Arnorsson for well 1717 (Figure 4) 

indicates that these waters do not reach the 

fully equilibrated water curve, they plot in the 

immature region.  Waters from the studied 

well have a high percentage of Mg. This could 

be a reason that these waters have not attained 

equilibrium with the reservoir rocks. 

 
Figure 4. Na-K-Mg equilibrium diagram 

 

3.2. Monitoring of scales 

By studying the fluid-mineral equilibrium, you 

can get a useful assessment of 

equilibrium/disequilibrium conditions for 

geothermal fluids, the results giving a good 

prediction on scaling and corrosion tendencies 

in a particular geothermal system. A computer 

simulation program WATCH2 has been used 

to calculate the saturation indexes for 

particular mineral phases believed to occur in 

the reservoir. They were plot against 

temperatures which can be reached during 

geothermal water utilization (Figure 5). 
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Figure 5. Mineral-equilibrium diagram 

The sample is slightly supersaturated with 

respect to calcite, but if the water is cooled 

under pressure and not deaerated and pH kept 

constant, the water will become in equilibrium 

with calcite at 30°C. There is recorded a 

supersaturation with magnetite both at the 

wellhead temperature and at all lower 

temperatures. Prehnite is supersaturated at 

well production temperature. Most of the 

minerals are undersaturated at wellhead 

temperature. 

A sample of scale taken from the wall of 

distribution pipe was analysed by X-ray 

diffraction. There were identified siderite and 

calcite (Figure 6). Mineral deposition with iron 

content and calcium were expected after 

simulation. 

 

4. CONCLUSIONS 

Aquifer fluid composition has been assessed 

from analytical data on water samples 

collected at the wellhead of an important 

production well from Oradea. The type of 

water was calcium-sulphate. The studied 

geothermal water appears to be a steam heated 

water, which may suggest boiling in the 

reservoir when  has occurred transformation of 

hydrogen sulphide into sulphate.  

Changes which occur in temperature water 

generally lead to changes to mineral 

saturation. The state of mineral saturation of 

the aquifer water with respect to the following 

minerals was studied: adularia, anhydrite, 

albite, analcime, calcite, chrysotile, 

chalcedony, quartz, goethite, magnetite, 

prehnite, fluorite, amorphous silica. The 
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results for all ferrous bearing minerals indicate 

supersaturation.  Calcite scaling tendency for 

the selected well water is expected. The 

oversaturation in respect with these minerals 

was confirmed at structural analysis of the 

solid deposition sample. 

 
Figure 6. The XRD analysis of scale 
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