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Ponomarev M.E., Kamenska T.A. 

MECHANISM OF SPECIAL SALT EFFECT. NEW APPROACH 
 National Technical University of Ukraine “KPI”,  

Kyiv, Peremogy ave 37, 03056 
 

Kinetic analysis of special salt effect in heterolytic reactions (SN1, E1, 
unimolecular heterolysis) is undertaken. Special salt effect is treated as catalytic 
effect of various salt species on the limiting step of the reactions.  

Key words: special salt effect, unimolecular heterolysis, contact ion pair, 
limiting step, catalysis. 

Introduction. Sharp acceleration of reaction rates in the reactions of aryl 
sulphonates’ acetolyses by the salts containing perchlorate anion was discovered by 
S. Winstein and co-workers [1] and was named as “Special salt effect”. In these cases 
sharp acceleration was observed only under low concentrations of the salts (up to 10-3 
mol/l) (Fig.1)  Subsequent growth of salt’s concentration did not effect the reaction 
rate or caused only small acceleration due to normal salt effect. Simultaneous 
manifestation of two different positive salt effects of different nature led Winstein to 
conclusion about consecutive formation of two different ion-pair intermediates – 
contact ion pair (CIP) and solvent-separated ion pair (SSIP) (Fig.2)  

 

 
Fig. 1. Plot k vs salt concentration for special salt effect 
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Fig. 2. Scheme of heterolysis mechanism proposed by Winstein 
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According to Winstein, special salt effect is the result of ion exchange between 
two solvent-separated ion pairs (Fig. 3) 

R+|Solv|X-  +  M+|Solv|ClO4
-                    R+|Solv|ClO4

-  +  M+|Solv|X-
 

Fig. 3. Interpretation scheme of special salt effect proposed by Winstein 
 
Such exchange reaction had to decelerate the process of external return of SSIP, 

reverse to ionization and, as a result, to increase significantly the rate of solvolysis 
[2].  

Winstein’s scheme of heterolysis mechanism was fruitful and gave way to 
specify the mechanism’s details. However, his interpretation of special salt effect was 
not correct. First of all, it could not explain poor magnitude of total acceleration as 
the result of this effect. Usually the ratio k0

ext : k0
t is about 2.5 and never exceeds 5. If 

Winstein was right and external return was significant, the magnitude of the effect 
had to be much higher.  

Last 30 years of research showed that Winstein’s interpretation of special salt 
effect was too narrow. Moreover, it was not correct. Extensive research fulfilled by 
Dvorko and co-workers gave new evidences of it [3]. Primarily, special salt effect is 
caused not only by perchlorates and similar species of low nucleophilicity, but also 
by anions having moderate and even high nucleopilicity (bromides, iodides, etc). 
Secondly, special salt effect is caused not only by anions, but also by cations 
(showing electrophilic character of salt effecting this case) and by ion pairs of salts 
[4]. Thus, special salt effect demonstrates more wide nature than it was generally 
considered earlier. And, last but not least, reversibility of the reactions of 
unimolecular heterolysis is overestimated, at least in the conditions of kinetic runs. 
Hence, external return can’t significantly influence the reaction rates observed. SSIP 
in the reactions of unimolecular heterolyses is formed after limiting step of reaction 
[5], therefore interaction between SSIP and salt species in condition of non-
reversibility of SSIP formation can’t increase the rate of heterolytic reaction. 

It is now obvious that the nature of special salt effect is catalysis of 
transformation of ion-pair intermediate, been formed before the limiting step of the 
reaction. Only contact ion pair can be this intermediate. Thus, we propose new 
scheme for the mechanism of special salt effect (Fig.4):  
 

 

R+X-M+Y-

M+Y- M+Y-

RX            R+X-                R+...X-               R+|Solv|X-             Reaction
                  CIP                CSIP                     SSIP                   products

k1

k-1

k2 k3 k4

k5k-5
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Fig. 4. New interpretation scheme of special salt effect 
 
According to this scheme, heactions of unimolecular heterolysis (SN1, E1, F1, 

unimolecular solvolysis) run through consecutive formation of 3 ion-pair 
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intermediates: CIP, cavity-separated ion pair (CSIP) and SSIP. Limiting step of the 
reactions involves CSIP formation from CIP, reaction products are formed from SSIP 
[5]. 

If reaction runs without salt additions then reaction rate can be described by 
equation (1), which reflects unimolecular character of the reaction: 
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If additions of salt MY are added and cause special salt effect (k5>k-5>>k6 and 
k5>>k2) then reaction rate can be described by equation (2), which is obtained with 
help of stationary concentration method  
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Under low salt concentrations, when equilibrium R+X-  + M+Y-  R+X- M+Y- 
is shifted to the left reaction rate depends on reagents’ concentrations according to 
equation (3), which reflects sharp linear growth of the reaction rate: 
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When salt concentration increases to moderate values (~10-3 – 10-2 mol/l) then  
k-5[MY] >> k6 , and equation (2) reduces to equation (4): 
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In this case the rate constant grows to maximum value and does not depend on 
salt concentration. Low magnitude of special salt effect has simple explanation in 
proposed scheme: catalytic effect of the salt in this case decreases free activation 
energy on the step CIP CSIP. As energy of both CIP and CSIP is high and 
close to energy of transition state, activation energy in this step is rather small and the 
gain of energy due to its elimination is slight. 

Conclusion. Special salt effect in the reactions of unimolecular heterolysis has 
catalytic nature. The object of catalysis is the limiting step of reaction – conversion of 
contact ion pair to cavity-separated ion pair, where nucleofuge is removed from 
carbocation spieces to the cavity of solvent. All salt species – anions, cations, and ion 
pairs – may be catalysts and cause special salt effect, interacting with contact ion 
pair.    
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J11516-002 
Shevchenko V.M., Guts N.A. 

BASALT FIBER COMPOSITE MATERIALS   
National Technical University of Ukraine “KPI”, Kyiv, Peremogy av., 37 

 
Abstract:  This work describes the investigation of the possibility to obtain thin 

paper-like material which contains inorganic fibers (basalts) in the composition with 
cellulose and modified fibers used as bindings, influence of biocide nanomaterials  
surface electro-kinetic properties on their service characteristics, the resource-saving 
technology of obtaining paper-like material and its sorption characteristics. 

Key words: basalt, fiber, composite, cellulose, paper 
Introduction. The bio-stability of materials may be reached in several ways: 

seepage of prepared material with alcohol or water solutions fungicide-active media; 
or introduction of antibacterial preparations solutions during the casting process by 
means of adjunction of bactericidal or fungicidal preparations to cellulose 
macromolecules by chemical binding. It is well known that materials which consist of 
cellulose fiber are subject of various mold fungi and microorganisms influence. Many 
bacteria, actinomycetes and fungi use the cellulose as a source of carbon. Therefore 
obtaining biocide material which is not subject of their impact is highly important for 
many industries like food, medical, electrotechnical, construction, etc. 

Review of literature. One can change the chemical structure of cellulose fibers 
modifying the surface to obtain the different number of ion exchange groups, as an 
example for obtaining the  carboxymethyl  and dietilamine cellulose [1]. Cellulose 
materials biostability may be reached in different ways:  mechanically – by bitumen 
saturation or by lamination; fungicide insertion which leads to fungi ferment system 
disruption resulting in impossibility of cellulose cleaving; modification of cellulose 
chemical properties (for example acetylcellulose, methylcellulose and others are 
biologically stable), etc. 

This research is focused on the problem of obtaining the thin paper-like resistant 
biostable material with a content of inorganic fiber (basalt) composed with cellulose 
fiber as bindings. 

Two types of fibrous particles were used: basalt and cellulose. Their 
electrokinetic potential (which appear on the phase boundary and has the solid 
influence on particles interaction strength) is equal by sign and different by value. 
When one component’s surface is recharging (cellulose fiber for example) we have 
the best conditions for mutual coagulation between components, and resulting 
material has better physical and chemical properties and bigger biocide stability. 

As we know, papers made from wood cellulose (sulphite or sulphate) are subject 
of influence of fungi much more than papers made from linen or cotton fiber; the 
same for wood paper comparing with paper made from sulphate cellulose. Therefore 
we used sulphate cellulose with 60 ⁰ of grad         
as well as pure aluminium sulphate. The measurements of electrokinetic potential 
were made by means of the system and by methods described in [2].  The 
computations were made by Helmholtz- Smoluchowski formulae.  

Cellulose fiber filters are widely used for gas cleaning. However, such materials 
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are not intended for thermostable applications. For these conditions the inorganic 
compositions are more suitable [3]. Unfortunately, the stability of such materials is 
decreased by their low paper-make properties. 

The input data and methods. The following method of materials production 
was used: first composite materials of 50% of basalt and 50% of cellulose or 
modified fiber were obtained. Then being in the wet state they were placed onto 
textile filter, pressed and covered by napkin soaked by 5% solution of bactericidal 
preparation, and dried at 20-60 C temperature. After that they were analyzed for 
bactericidal activity against pathogenic microorganisms: staphylococcal golden 
(Staph. aureus) and enteric (E.Coli) bacillus. 

In the capacity of bactericidal reagents the derivatives of nitrofuran series 
(which have the property to depress pathogenic bacteria growth) were used. 

The investigations of biostability were made on fungi mix because this may take 
the activity up if inactive fungi are meshed with active. We have used ten kinds of 
fungi including strong cellulose destroyers like Stachybotrus atra, Chaetomium 
globosum and Paecilomyces varioti. 

The method of investigation consisted of two parts: visual observation and 
quantitative characteristics of physical-mechanical properties. For more objective 
view of item we used three methods: liquid mineral medium of van Iterson, on the 
surface of leached agar, and in the moist camera with humidity of 98%. The 
inoculations were inspected weekly during two-three months. The fouling of the 
material was estimated on 10-point scale, 10 is the highest power (table 2). 

One approach to solve this problem is to make the composite material from two 
independent parts: cellulose fibers and minerals [3]. We are proud to present the data 
for investigation of composite structure for air and gas cleaning from contaminating 
particles. 

We have used basalt materials with 0.4 to 1.4 mcm in diameter, aerosol particles 
nearly the same as well as microorganisms; that is why paper-like thermostable 
filtering materials based on basalt and cellulose fibers are widely used in aviation and 
medicine. 

 The sorption of water steams was investigated. According to BET [4]  
equations we’ve managed to calculate partial activity surface S, volume of mono-
molecular layer for 1g of adsorbent Vm as well as energetic constant C which 
includes heat of sorption in the first layer and the heat of condensation. 

Results and discussion. Bactericidal properties were determined by means of 
coating the materials’ surface by suspension with further exposition into the 
thermostat and sowing on meat-peptone broth. Resulting data are presented in the 
table1. 

As one can see the worst result gives the simplest composition (100% 
unbleached sulphite cellulose + furalgin). The result for  50% unbleached sulphite 
cellulose + 50% basalt fiber + furalgin is better, for 100% carboxy methyl cellulose + 
gekacide is even better and the best results are for 50% carboxy methyl cellulose + 
50% basalt fiber + gekacide. 
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Table 1 
Antibacterial properties of materials 

Materials composition 
Microorganisms growth suppression zone diameter, 

mm 
Staph aureus E.Coli 

1. 100% unbleached 
sulphite cellulose + 
furalgin 

10 12 

2. 50% unbleached 
sulphite cellulose + 50% 
basalt fiber + furalgin 

12 15 

3. 100% carboxy methyl 
cellulose + gekacide 

20 0.3 

4. 50% carboxy methyl 
cellulose + 50% basalt 
fiber + gekacide 

24 0.8 

 
As one can see from the table2 the preliminary recharging of surface (before 

particles of composition are interacted) of one of the fiber provides better physical-
mechanical and biocidal properties of finished material. 

Table 2 
Increasing the substance of basalt fiber heightens materials’ stability for 

musti fungi and microorganisms 
Cellulo
se 
fiber, 
% 

Physical-mechanical indeces Fungi growth, points 
Tearing 
length, 
m. 

Break, 
(ch.d.p) 

Air 
current  
resistance
, 
133,322 
368 4 Pa 
(Tor) 

Capillar
y 
absorpti
on 

Free 
outflow 
time, 
minutes 

Liquid 
Mediu
m 

Solid 
phase 
surfac
e 

Humi
d cell 

Initial cellulose fiber 
15 38 16 26 44.0 1.15 3 3 3 
35 158 42 20 55.4 1.02 5 5 5 
50 1902 1068 18 56.4 1.00 7 8 8 
70 6780 1324 16 84.4 0.96 9 9 9 

Recharged cellulose fiber 
15 56 28 28 46.2 1.02 1 1 2 
35 172 48 24 58.6 0.96 4 4 3 
50 2700 1400 20 62.0 0.88 5 4 4 
70 7400 1510 15 88.8 0.82 8 8 7 

 
Isotherms of water steam sorption in the view of BET equations are linear in the 

range of 0.03 – 0.3. One can see the full data in the table 3. 
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Table 3 
Paper-like material and its sorption characteristics 

Properties of 
composition 

50% basalt fiber + 
50% of NaCMCel 

50% basalt fibre + 
50% DEAECel. 

50% basalt fibre + 
50% Cellulose 
fibre 

Tearing length 
after sterilization 
120oC, m 

920 
780 

1190 
1098 

2610 
2584 

Time of free 
flowing after 
sterilization 120oC, 
m 

1.12 
1.10 

1.10 
1.08 

1.09 
1.06 

Charge resistance 
Vm, mole per ton 

19 
1.04 

18 
1.92 

17 
2.67 

Energy constant C 19.26 9.73 6.23 
Partial surface S, 
m2/g 

102.6 122.4 196.0 

 
 Conclusions.  
1. The conclusion is that most activity according given microorganisms have the 

compositions which contain basalt fiber in the combination with cellulose ether. 

2. Basalt fiber may be used in various composites adding them the property of 
strength and antioglescimus influence on humans. 
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HEAT CAPACITY OF THE BULK DIAMOND AND DETONATION 
NANODIAMOND 

1National Technical University of Ukraine “Kyiv Polytechnic Institute”,  
Kyiv,  Peremogy av., 37 

2Institute for Problems of Material Sciences NAS of Ukraine, Kyiv, Ukraine 
 

Abstract: This article is devoted to the study of the temperature dependence of 
the specific heat of the bulk diamond and nanocrystalline diamond of the detonation 
synthesis, according to which the calculation of the thermodynamic properties is 
possible. 

Key words: method of adiabatic calorimetry, bulk diamond and detonation 
nanodiamond  

Introduction. Carbon nanostructures (graphene , nanotubes, fullerenes , 
nanodiamonds ) are promising objects for research in the field of nanochemistry, 
nanophysics and nanomaterials because of their unique combination of physical and 
chemical properties. This combination allows the use  these nanoforms  to create 
multifunctional materials for multifaceted destination : nanocomposites ( with 
improved mechanical , thermal and electrical properties) , medical biosensors , 
batteries, electronic devices , wear-resistant coatings[1]. 

To calculate the process conditions with carbon nanostructures it is necessary to 
have reliable values of its thermodynamic parameters. It should be noted that the use 
of the known thermodynamic data for the balk diamond is not correct, since the size 
factor as well as the surface chemical composition are leaved out of account in this 
case. Heat capacity researches of the other nanostructured materials, point at the 
excess of their heat capacity and, consequently, at change of the other 
thermodynamic parameters in comparison with the heat capacity of large-scale forms. 
Probably, this effect could be observed in the case of diamond. Therefore it is 
necessary to carry out experimental investigations of thermodynamic properties of 
the bulk diamond and carbon nanostructures , in particular the heat capacity, as well 
as the study of the laws which causes these differences. 

This article is devoted to the study of the temperature dependence of the specific 
heat of the bulk diamond and nanocrystalline diamond of the detonation synthesis , 
according to which the calculation of the thermodynamic properties is possible . 

Nanocrystalline diamond of the detonation synthesis (the nanodiamond, ND) is 
one of the most promising nanostructured form of carbon for commercial application, 
since there are well-established methods of obtaining in sufficient quantities and with 
high purity . ND used to create  tribological systems of fine grinding, composite 
materials, biosensors, the systems for accurate drug 
delivery, quantum dots, and many others [2]. Some of these technologies are well 
established (for example, the addition of diamond-containing detonation soot to 
lubricants   decreases fuel consumption by ~5% and makes engines last longer), while 
the others are under scientific development. 

 According  to literature data [2,3] nanodiamonds of detonation synthesis  are 
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complex objects usually having a three-layer structure comprised of:  a diamond core 
4 ± 6 nm in size, containing from 70% to 90% of the total number of carbon atoms; a 
transient carbon shell (intermediate layer) surrounding the core and consisting of X-
ray amorphous carbonaceous structures 0.4 ± 1.0 nm thick, containing from 10% to 
30% of the total number of carbon atoms; and  a surface layer comprised of carbon 
atoms and other heteroatoms (N, O, H) that form various functional groups; the 
nitrogen atoms are probably quite  uniformly distributed among all layers [4]. 

               
 

 
Fig. 1.Shematic image of nanodiamond particles and the surface 

functional groups: dc - diameter of diamond core; ta - amorphized shell  [4]. 
 

Part of these elements enter into the composition of molecules (CO, CO2 N2, 
H2O, etc.) that are sorbed on nanodiamonds and can either form an adsorbed layer on 
an accessible surface or be incorporated into closed pores. However, the other part of 
the elements necessarily enter into the composition of functional surface groups.  
Functional groups can be destroyed and replaced by other groups, but they always 
persist on the surface of nanodiamonds, as well as on the surface of macrocrystals 
and powder grains of diamonds of other types [5].  

The total number of aerogenic impurities in ND is often more than 10% by mass, 
even if the post-purification  storage occurs in an the closed container.  This  leads to 
the  deterioration of technological properties (for example, to prevention  of the 
powders  compaction) and make changes in  individual material properties. 

From the fundamentals of thermodynamics, the important point is the nanosize 
effect of on the material properties. This problem can be solved correctly only if we 
take into account all other possible factors influencing the thermodynamic parameters 
of the system, generally, the influence of gas producing impurities, absorbed by the 
surface of detonation nanodiamond on the values of its heat capacity. It should be 
noted that physically adsorbed and chemisorbed surface and intrinsic impurities have 
different effects because of the difference of their physicochemical state.    

It should be noted that from the modern literature (using Google Scholar, ISI 
Web of Knowledge, Scopus, Scirus) we were not able to find data concerning with 
the study of the ND heat capacity and the influence of gas-forming impurities on their 
thermodynamic  properties. 

In consideration of reported above, the purpose of this investigation  was to 
study  the size effect of on the thermodynamic properties of the bulk diamond and 
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detonation nanodiamond by measuring the low temperature heat capacity using the 
adiabatic calorimetry. 

Experimental. In this work we were used three  types of commercially 
available samples: synthetic bulk diamond produced by the General Electric 
Company(GE), and detonation nanodiamonds  which were produced at the Federal 
Science-Production Centre “Altay,”  Biisk, Siberia, Russia.  

GE diamond particles looks as single crystals of the octahedral form with  400-
500 µm in size (Fig. 2). The content of metallic impurities (Mn + Ni as the catalysts 
of the synthesis process), according to the manufacturer data , less than 1% by mass. 
Chemical analysis of gas-forming impurities carried by the chromatographic 
separation, identification and measurement of gases volumes (hydrogen  in the form 
of H2, Nitrogen - N2, Oxygen - CO) followed after  pulse high-temperature extraction 
in helium. The GE sample contained  (% by mass): H <0,001; N <0,001; O - 0,15. 
The mass of the GE calorimetric sample was 16,2333 gr. and mass of the calorimeter 
was 13,5192gr. Nanodiamond samples  (product of detonation synthesis from Toulon 
and Hexsogen ) were purified from the graphite phase  by the manufacturer and looks 
as powder of  light-gray color. 

According to X-ray phase analysis, ND powder  have the crystalline structure of 
diamond with a lattice period of 0,357 nm. The expansion of the diffraction lines up 
to  4,51 × 10-9m in comparison with powders of micron size, is connected with size 
factor. Electron image of the sample (TEM), confirms the X-ray data of  the average 
crystallite size and octahedral symmetry of nanodiamonds. The specific surface area 
measured by BET was 80 was 80 m2 g-1 

 
Fig.2.  Electron image of ND powder 
 
Results of analyzes of aerogenic  impurities in the sample are presented in Table 

1.  
Table 1 

Aerogenic impurities content ,% mass. 
Specimen Aerogenic impurities Sum 

H N O 
Diamond GE < 0.001  0,15  < 0,16 
Industrial ND 0,36 2,30 7,71 10,37 

The heat capacity of GE, ND and ND  after cleaning (with Vacuum thermal 
treatment (VVT)) was measured by the adiabatic calorimetry method (device UNTO) 
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with permanent heat flow  in the temperature range 60-300 K and in vacuum of at 
least 2 • 10-3 Pa.   In the experiment the temperature step between measured values of 
heat capacity was1,5-2,5K,  with  gradually growing  of temperature. 

In the investigated temperature range of 60-300 K for each sample were carried 
out tree series of identical measurements, but temperature steps were chosen in the 
way to partially overlapping each other. Regular differences in the experimental data 
in the intervals overlapping series we have not found: some deviation of the data for 
different series do not exceed the random measurement error. The average relative 
error of heat capacity measurements was 1,1% for GE and  1,6% for ND. An increase 
in the relative error value  compared with the results of the have objective reasons 
because of the low mass of the samples (respectively, the low mass of the 
calorimeter) and  very low at temperatures below 100 K. But the absolute errors of  
measured magnitudes were constant as in the case of the  UNTO calibration process 
either in the case of experiments. 

Results and discussion.  The experimentally found and calculated values of 
heat capacity of synthetic diamond (a total of 104 values) are given at Fig. 3. They 
are in good agreement with literature and  calculated data in whole of  temperature 
range, including the region of small values of heat capacity, and demonstrate the high 
sensitivity of the calorimeter,  low level of the random error. Obtained results  
indicate that  UNTO   is precision instruments for measuring the  heat capacity  of  
diamond and its nanoforms.  

 
Fig.3. Diamond materials  heat capacity : ▬ – calculation; ○ – synthetic 

diamond GE; ● – industrial nanodiamond; × – nanodiamond after purification.  
 
From the Fig. 3 also can be seen the results of the heat capacity of the detonation 

nancrystalline diamonds  prior the vacuum thermal  treatment and after it. The figure 
shows that the heat capacity of the industrial nanodiamond significantly exceeds of 
bulk. Thus, at the beginning of the experiment at  temperature  about 55 K, the values 
of the heat capacity of ND almost in 4 times, and at 300 K – above 30% higher than 
the corresponding values for the bulk diamond. 

 We have supposed  that the experimentally observed  significant excess of the  
CP values  of nanodiamond relatively to bulk diamond GE is due to aerogenic 
impurities presence. 

Surface cleaning the of nanodiamond from the functional groups can be carry 
out both by chemical and thermal methods. The mechanism of the thermal 
purification consists in high thermal energy action on the bonds of the  functional 
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groups. This energy  is in many times more than enough for the excitation of these 
oscillations. In  case of the method of  VTT have been use , the  influence of high 
temperature increases  of the vacuum degassing process, that accents degassing 
equilibrium toward the formation of products. Moreover,  the vacuum thermal  
treatment, as opposed to the chemical purification, does not lead to the formation 
another functional groups at the nanodiamond surface of and so that can be used as 
the promising purification method. 

 The heat capacity of nanodiamond after VTT shows that as a result of cleaning 
and reduce the quantity of gas-forming impurities, the heat capacity of ND is 
decreased: at the beginning of the experiment ∆CP is 11% , at 300 K – 6,5%, 
increasing in magnitude with temperature.However, the difference between GE and 
ND  values of the heat capacity after treatment still remains a significant and  exceeds 
the proportional reduction in CP. To clarify the contribution of active surface atoms in 
the thermodynamic energy of nanodiamonds are needed and planned studies of the 
heat capacity with samples of different specific surface area.  

Conclusions 
1. The investigations of the heat capacity of the bulk diamond and detonation 

nanocrystalline diamond (ND)   by the adiabatic calorimetry method in the 
temperature range 55-300 K were carried out. Significant excess of the ND heat 
capacity values relatively to experimental and calculated values for bulk diamond 
was found. 

2. By the gas chromatography method it is shown that the industrial 
nanodiamond contains more than wt.10% of  gas-forming impurities. 

3. To determine the influence of nanodiamond active surface atoms on the heat 
capacity value, additional studies are planned on other nanocrystal samples with 
different specific surface area. 
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