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PART I 

THEORY OF SOLUBILITY 

1. 	The Structure of Solids - Crystals 

1.1 	Electronegativity 

All matter is formed by atoms connected by chemical bonds. 
Atoms are composed of a positive nucleus surrounded by negative 
electrons. The number of electrons is equal to the number of positive 
charges in the nucleus. 

Atoms become bound to other atoms because they have a tenden-
cy to acquire or to lose electrons. 

Atoms that tend to acquire electrons are called electronegative. 
Atoms that tend to lose electrons should be called electropositive but 
normally one says that they show a low electronegativity (the word 
electropositive is seldom used). 

Electronegativity Scale 

INcREASIIJG ELEcTRoNEGATIVI TY 

Na At C 	a o 
S ODIUM 	ALUMINIUMC q12,90A/ 	 cif IDRINE OX76EN 

"POTASSI UM     Cal( 
 

CALC  M 	 H yDROGEN 	 Ninto6EN 
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1.2 	Ionic Bond and Ionic Crystal 

When an electronegative atom (say chlorine) meets a low-
electronegativity one (say sodium) it can remove from it one electron; 
both atoms are then unbalanced from the electrical point of view. 

ct Na 
+- 

CHLORINE loN 

ONE ELEcTRoW MoRE 

THAN TX or 
?oSiTiv 

E
E 

CHARGE 	TH 
NUCLEUS 

SoDiuM ION 

ONE ELec-otot/ LESS 
THAN THE poSiTIVE 
cHARGE or THE 

NUCLEUS 

Electrically charged atoms are called ions. Negative ions attract 
positive ions and form ionic bonds. Since many ions are always present 
even in a very small amount of material (not just one or two) they at-
tract each other and form a regular array in the three directions of 
space. This is called a crystal: to be precise an ionic crystal. 

IoN 1 C. 

CRYSTA L 

SOPIVM 
GHLO Ripe- 

Na+  CZ Na 	Na+  
Ca Na+ CF Ha+  Ct 

Na-÷  Cf Na Ct Na÷ 
a Na CQ Nia4  CF - 

Nat a Na+  CU Na+  

1.3 	Covalent Bond and Covalent Crystal 

Atoms from the centre or the right side of the electronegativity 
scale can share electrons when they meet and so form a bond between 
them: a covalent bond. 

C • + • C = C : C oR C c 
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Carbon has four electrons on the outermost shell so it can form 
four covalent bonds with four other carbon atoms. 

Each of the four can in turn bind to three more carbon atoms, and 
so on. 

• C 

: C : C • 

• c • 

A regular, three-dimensional, array is formed; this also is a crystal, 
a covalent crystal to be precise. Drawing this crystal is not so easy be-
cause the bonds of every carbon atom are directed towards the apexes 
of a tetrahedron of which the atom is the centre. 

1.4 	Metallic Bond and Metallic Crystal 

Atoms from the left side of the electronegativity scale can share 
electrons when they meet with other atoms of the same kind. The 
electrons so shared are not fixed between two atoms (as in the covalent 
bond) but are free to move around all atoms that have formed the bond. 

A regular three-dimensional array is formed in this case also. This 
type of crystal is called a metallic crystal. 
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METALLIC 
CRYSTAL 

SODIUM 

Since electrons can move around the crystal, metals conduct 
electrical current. 

2. 	Molecules and Molecular Attractive Forces 

2.1 	Formation of Molecules 

Groups composed of a small number of atoms can be formed by 
covalent bonds. 

H R H= H:H H H 
Hytiao6E N 1,40LE c u 

This is called a molecule. A molecule is formed by a definite num-
ber of atoms while a crystal contains a very large number of atoms (to 
be calculated only approximately). 

I-1:c 
H 

•H OR 

METHANE 



2.2 	Dipoles 

If the two atoms forming one covalent bond are not exactly equal 
in electronegativity, the two electrons of the bond are not equally 
shared; instead they are closer to the electronegative atom that so ac-
quires a small negative charge. Conversely the other atom remains 
slightly positive. 

H :0 ok H
. 

0 
4- 

The bond is said to be slightly polarized (since it shows electrical poles). 

Other examples are: 

c4 
 

C-NI, H 

These polarized bonds are called dipoles (i.e. pairs of poles of 
opposite charge). 

Molecules containing dipoles are called polar. Molecules not con-
taining dipoles are called non-polar. 

Some molecules have a polar part and a non polar one. 

• • 
H:c : • 

• 
/ • 

H 

METHYL A Lc oHoL 
WM-POLAR PoLAR 

PART 	PART 
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A molecule is said to be vet),  polar if the polar part is more impor-
tant than the non-polar one. 

Water is very polar. 

-0- 
4- / \+ 
H 	H 

Other molecules are weakly polar because the polar part is lesser 
than the non-polar one. 

C H, — C Hz- — CHs;—CHs — - C H.t— 0:-  H ÷ , 	. 	I 1._,,___, 
NON-POLAR PART 	POLAR PART 

,I- Burn.. ALCOHOL. 

2.3 	Attraction between Molecules 

2.3.1 Dipole-dipole attraction 

ATTRA CTION 
FoRcE 

CH3 C—  CH3  

8 
c 1-1,--- 

1
. -±-- CH3  

0— 

ACETONE 

The positive part of a dipole attracts the negative part of a dipole 
in another molecule. 
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In the general case of several molecules containing an unspecified 
dipole — 	+ there is general attraction between molecules. 

- 	- 	- c-1! 	9-11 	9-1 

- 	:4- 	; - 	; 	; 0-411 

2.3.2 Hydrogen Bond 

The dipole — 0 —  —H + is very peculiar because hydrogen has 
only one electron and it has been attracted by the oxygen atom. 

0 • H 	N. ELECTRON 
tiCRE 

The positive nucleus of hydrogen is completely unshielded and 
can develop a strong attraction towards negative atoms. This is called a 
hydrogen bond. 

- 	 4- 

H-----0 H 	0 H 
I / I 

H YDROGEN BOND 

The hydrogen bond is actually a particular case of dipole-dipole 
attraction; it is, however, stronger than the normal dipole-dipole attrac-
tion. 
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All molecules containing O — H groups can form hydrogen bonds 
between themselves or with other ones also containing O —H groups 
(like water for instance). 

2.3.3 Dispersion Forces 

When there is no dipole is there any attraction between 
molecules? 

H 	H 
1 	 1 

H-C-H ? H-C-H 
Lil 	 No 	I  
I i 	ATTRACTION H 

No - there are weak attraction forces due to fluctuating dipoles (dis- 
persion or Van der Waals forces). Fluctuating dipoles are formed by 
electrons moving around the positive nucleus. 

IS S. +4.-  

	

H----H-H• 	'Cici:71 (Iii 
4--, 	•Th 4- 	ri_i, ,,-11, ,t-il  

H----H-1-1-  

	

p---P--P 	
..1 1 „lc 

--;•Li--1 NrH 4  H 

WEA K 
A TTRAcTION 

These forces are much weaker than the dipole-dipole attraction 
forces. 
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3. 	Gases, Liquids and Molecular Solids 

3.1 	Gases 

If the forces of attraction between molecules are low, molecules 
move in space in straight lines at constant speed. The higher the 
temperature the greater the speed. 

When the molecules hit each other or hit the walls of a container 
they rebound and continue their run on a new path. 

3.2 Liquids 

When the molecules slow down (low temperature) or when the at-
traction force is great they no longer rebound when they hit each other 
but remain together. 

A mass of molecules attracted together but still with some 
freedom of movement is called a liquid. 

A liquid composed of polar molecules is called a polar liquid. The 
attraction force of molecules inside the liquid is great. The liquid tends 
to form high drops (high surface tension). 

4:-43+  07-0+ 
0-0+ •=-0+ -0+  

.7-0+ •=-0+ 
6---0÷ 	•=_0+  

1  

EXA ',Voce Hz  0 
+H 

,0, 
H+ 

 WATER 
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A liquid composed of non-polar molecules is called a non-polar 
liquid. Internal attraction forces are low. The liquid tends to spread thin-
ly over surfaces (low surface tension). 

EXAMPLE C6 H6  

BENZENE 0 

3.3 Evaporation 

When molecules escape from the attraction forces in the liquid 
and go into the atmosphere we say that they evaporate. 

Non-polar liquids with small molecules evaporate easily because 
attraction forces are low. 

Some molecules return to the liquid (condensation). 

Large molecules have greater attraction forces than small 
molecules. 

10 
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Liquids made of large molecules evaporate with difficulty. 

Polar liquids are more difficult to evaporate than non-polar ones 
of equal molecular size. 

3.4 	Molecular Solids 

When attraction forces are very large (or temperatures very low) 
molecules can form solids. 

Molecular solids may have an ordered structure in which 
molecules are stacked to form a three-dimensional array and are kept in 
position by attraction forces (dipole-dipole or Van der Waals). 

This structure is a crystal and is called molecular crystal. It occurs 
more frequently in the case of small molecules. 

moLa cUL A ft 
CRYSTAL- 

 
  

 

-c7--cp-cf? 

 

FORCr.S 
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Large molecules frequently form solids that have no order what-
soever (amorphous solids). The molecules are blocked by strong attrac-
tion forces. 

A mORPHouS 
SOLID 

LA RGS-
moi.ff cui-a 

In the case of large molecules, part of the solid sometimes shows 
an ordered structure while the rest is amorphous. 

4. 	Solubility 

A solid is dissolved in a liquid if all atoms or molecules constitut-
ing the solid are separated by the molecules of the liquid. 

The molecules of the liquid interpose between the atoms or 
molecules of the solid, breaking the bonds or attractions between them. 

o C_] 
0 0 C:=I 
O C7 E=1  

SOLID 
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- 0 	H \  
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‘14+  

SODIUM CHLOR I DE ÷ WATER 
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If the liquid evaporates from the solution the solid re-forms un-
changed. 

It is impossible to dissolve metallic crystals or covalent crystals by 
means of solvents. Passage to the liquid state can be achieved only by 
breaking the bonds by chemical reaction but in this case it is impossible 
to recover the solid unchanged after evaporation of the liquid. 

It is possible instead to dissolve some ionic crystals and some very 
polar molecular solids by means of very polar solvents, e.g. water, the 
most polar solvent. 

A sodium chloride crystal is dissolved by water. Solution takes 
place because of the natural tendency towards: 

(a) Electrical attraction 

The water molecules and the ions (sodium and chlorine) in the liq-
uid exert a mutual attraction at least as great as the attraction between 
the ions in the solid. 

(b) Disorder 

Other things being equal (i.e. electrical attraction) disorder 
prevails. Disorder is also favoured when the temperature is increased. 

13 



It is possible to dissolve non polar molecular solids in non polar 
solvents. 
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In this case there is only a weak electrical attraction (of the Van 
der Waals type) both in the liquid and in the solid. The same attraction 
can be mutually exerted by liquid and solid molecules in the solution. 

Therefore, other things being equal, disorder ( = solution) prevails. 

It is always difficult to dissolve large molecules even if the solvent 
is the most suited to the purpose. Solvent molecules require a long time 
to penetrate between the long molecules. 

When some solvent has penetrated, the solid swells and becomes 
softer. 

0 
' 0 g n  

0 coi 
4- c2  0 0 ---, 

o o c, 	Zia 

0 0 40 0 	c:, 
0 0 0 
00 0 0 0 00  00 

LARGE MOLECULES 	SOLVENT 	 .SWELLING 

Solution takes place only when the long molecules are completely 
separated. It can take a very long time to reach this stage and for very 
large molecules it might be impossible ever to reach it. 
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5. 	Insolubility 
- 	- 	- 0-411 0—• 0+—* 
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In the case of disorder ( = solution) the polar molecules should be 
separated from one another but no electrical attraction would take 
place with the non-polar solid. So in this case disorder does not prevail, 
other things being not equal. 

Act n ci 
-±D0d0 ---P 

O 000  6' 

PoLA A. SOLID NOS-POLAR  
1.1QuiD 

INS0L.u1311-1TY 

131.SoRticA. DOES Nor PREVAIL. 
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6. 	Solubility in Cases of Intermediate Polarity 

As a general rule a solid is dissolved by a liquid that is very similar 
in nature to the solid. 

This means that the liquid molecules inside the liquid have be-
tween them the same forces of attraction that the solid molecules (or 
atoms) have between them inside the solid. It is possible in this case to 
exchange attraction forces between solvent and solid molecules and dis-
order ( = solution) will prevail at the end. 

To find solvents easily for all types of solids one must classify all 
solvents and all solids according to the attraction forces existing in them. 

Most solids we are used to dealing with in conservation technology 
are molecular solids. They can be classified according to three types of 
attraction forces: 

Dipole-dipole or dry polarity 

Hydrogen bond or wet polarity 

Dispersion or no polarity 

It is important to keep dipole-dipole attraction separated from 
hydrogen bond because the solids that contain the latter type of attrac-
tion tend to mix well with liquids having OH groups in their molecules 
(water included). That is why this form of polarity has been named by us 
"wet polarity" (an unconventional designation used only in conserva-
tion) while the dipole-dipole attraction of molecules with no OH groups 
has been called "dry polarity" (another unconventional designation). 

The three types of forces can be calculated (approximately) for sol-
vent molecules. Tables are available expressing them as a percentage of 
the total force of attraction between molecules in the solvent. 

This allows us to represent graphically all solvents and mixtures in 
a triangular diagram (see annex). 
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Calculations for solids are far more difficult and very few data are 
available. 

It is possible, however, to evaluate the solubility behaviour of a 
solid by experiment, testing it against several solvents located in dif-
ferent points in the triangular diagram. 

Usually, the positive results (solution) are collected in a more or 
less restricted area in the triangle which is called the solubility area of 
the solid. 
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PART II 

SOLVENTS 

1. Hydrocarbons 

1.1 	Aliphatic Hydrocarbons 

Molecules containing only hydrogen and carbon are called 
hydrogen carbons. 

H H H 
H:c : c:C:H 
	

OR 	 C1-1 2. -- CH3 

H 	H H 
	

PRo PA NE 

Larger molecules can be built adding other carbon atoms to form 
chains of atoms. Hydrocarbons composed of chain molecules are called 
aliphatic. 

-n— Oc-TA N E 

CH 3  —CH2— C Ht 	 CH3  

The end groups of the chain are always — CH3 groups and are 
called methyl groups. The central groups — CH2 — are called methylene 
groups. 

Small hydrocarbons are gases (like methane and propane), middle 
size ones are liquids (like octane) and long chains form solids (like 
paraffin wax) because the force of attraction between chains increases 
with their length. 

Hydrocarbon solvents are formed by molecules of 6 to 12 carbon 
atoms. Shorter molecules are too volatile while longer ones evaporate 
too slowly. 
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Straight chain hydrocarbons (like n-octane) are called paraffinic. 

Branched chains are also possible: 

C H3  CH— OIL  CH CH4—  CH3  
CH3  c  H3 

;SO - OCTAN E 

Branched hydrocarbons are called iso-paraffinic. The branching 
point has special properties; the carbon atom from which the branching 
originates is called tertiary carbon, 

H 
I ,k 

—C—C—C 
*TERTIARY 	 I 

C 

that is, a carbon bound to three other carbon atoms and to one 
hydrogen atom only. 

Tertiary carbons are slightly negative with respect to the rest of 
the chain, 

4 
cAi C H 

+ 
- C H3  

 

G H 2.  

 

and react more easily with electron-hungry molecules. 
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Oxygen is an example of an electron-hungry molecule, 

0-0 	0 it .b: P' 	0 pt. 	(:)2.. 
OxYt5S PI tA cu_s c_..., a-E 

as it contains two single electrons (molecules are stable when all 
electrons are paired and there are 8 electrons around each atom). 

As air is composed mainly of nitrogen (about 75%) and oxygen 
(about 25%) molecules, all substances in our atmosphere are exposed 
to reaction with oxygen. 

Nitrogen instead is very stable and not reactive. 

N 	N 	OR :N : N : 	oft 	N .2. 
NIT1Lo6EN moi_E GU Le 

Reaction with oxygen is called oxidation. 

A tertiary carbon is more easily oxidized than other parts of the 
chain. 

fi 
1._..s. 	-..n 

+a H3 — C ---- -C Hz 	‘j2. 

+ I 
C H 3  

-+ 

0-0— H 
I 

CH3 	1 ---C —C.H,— 

C H3  

H MOPE RoXIDE 

The intermediate product of oxidation (hydroperoxide) is not 
stable and is decomposed in two different ways. 
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(a) The hydroperoxide breaks. 

Q --ir OH i 	1 
CH —C. -I-CHI.—  3 1 \ 

C H3  ‘‘„ 
• 

B REA K 

-Ip 

0 0 	H 
II 	1 

CH3  —C + cFlt- 1  
0-13  

KETONE + A L.C...0HoL 

0 XYDNrION 	p R.01) uc."T'S 

(b) A cross-link is formed between two molecules and a larger 
molecule is formed. 

1-4.0 + O c H 	 H3 C I 	3 	 a I  CH3— C. — CHz-- 

1
i 
- . 	- 11 	.. 

,'" 
___ . 

CH3  - C - C. HI  — 
14-- - cRoss LINK 

0-0H C14,— c-- CH2.- 
CH 3  — C — C Hz— 1 

CH3  

C.I43  

1.2 	Double Bonds. Olefinic Hydrocarbons 

Two adjacent carbon atoms can form two covalent bonds between 
them. 

. 	• 
' C : C . OR C. — c 	SINGLE BOND 

. 	. 
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A double bond is a stronger link between two carbons but also a 
region where there are more electrons than elsewhere in the molecule. 

4. 	 -. 	 .- 	 4. 

CHs— CHz----c Hz— C. H ----= c H —c 1-14—C.Hz--- CH 3  
O R. 

Therefore the double bond is a reactive point in the molecule, 
even more than a tertiary carbon. 

Hydrocarbons that contain double bonds are called olefinic. They 
undergo several reactions: 

(a) 	Polymerization 

The first step in this reaction is called activation. It can be caused 
by light (particularly ultra-violet radiation), heat or some substance 
capable of accelerating the reaction (catalyst). 

LIGHT 	,,--- s-. ' --, 
- 	, 

, 	• 
C-Fiz--=- C Hz  --, v cHt-cl-k 4  -- 

HEAT 
ETHYLENE 	oR 

CATALYST 

• C Fit 	C1-12- 
AGTIvA TG 13 
/440L-GCQLE 

In the second step, several activated molecules join together to 
form long chains called polymers. 

• CFL-C He • G Hz- Cii: • C.Hz- C H; • C liz.-- CH: 

- Ctix  CI42  CH,- CHi-CHz-CHL-CH2.-  c. Hi— 

Pol-Ym E it ( PeLy- e-rifYLep,&) 
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(b) 	Oxidation 

Oxidation of double bonds is even easier than oxidation of tertiary 
carbon. The first step is always the formation of a hydroperoxide in the 
most negative point of the molecule. 

        

        

        

        

    

0 
A HYDROPEROXIDE 

Hydroperoxides are unstable and can break or cross-link as 
already shown. 

A special reaction of double bonds with oxygen is the formation of 
oxygen bridges. 

OXYGEN BRIDGES 

Oxygen bridges are easily formed by molecules that possess two or 
more double bonds. 

1.3 	Rings. Naphthenic Hydrocarbons 

Six carbon atoms can easily join to form a ring. Also 5-atom rings 
can be formed but it is difficult to form other rings. 

H H 
‘C/  H H \  

H 

C/ H  
H' " 

H 

/ C Hs 
 

CHt 	CHs 
OR I 	 I OR 

CHs 
/

Chit  
,..  

CHt  

CYcL.OHE XA NE 
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Ring hydrocarbons are called naphthenic. Side chains can be 
attached to the rings. 

cr.cHt_ 14  C .2  ...--Cli3  

At the branching point in the ring there is a tertiary carbon. 

Turpentine contains ring hydrocarbons with side chains and 
double bonds. 

HYDRocA xsorvs OF 
TURPENTI NE 

Turpentine is therefore slightly polar (branching points and 
double bonds are slightly negative) and rather reactive (it can 
polymerize or oxidize). 

Turpentine is a good solvent of fresh natural resins. Today it can 
be replaced by appropriate mixtures of paraffinic and aromatic 
hydrocarbons that are more stable (see par. 1.6). 
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Hz  

CH3  

TOLUENE 	0 ItTlio -xyz.igNE mirrA- XY h siva C H3  
PR RA-XYLENE 

CH3  C H3 	 CHs 

1.4 	The Benzene Ring. Aromatic Hydrocarbons 

A 6-carbon ring with three double bonds has special properties. It 
is called the benzene ring and all hydrocarbons containing such a ring in 
their molecule are called aromatic hydrocarbons. 

„,,,CH ,, 
CH 	CH 
II 
H JH C 
- '`CH 

OR 

BENZ ENE 

The alternated ("conjugated") double bonds allow some electrons 
to run around the ring, not exactly where the carbon atoms are but 
slightly above or below. 

This peculiar distribution of the electrons causes a slight polarity and 
some other properties of the aromatic hydrocarbons (odour, toxicity). 

Benzene itself is a useful solvent and other solvents are formed by 
adding side chains to the ring. 

XY L ENE 
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Styrene also has a double bond in the side chain. 

CH = C H2, 

1.5 	Polarity of Hydrocarbon Solvents 

Olefinic hydrocarbons are not used normally as solvents because 
they are unstable; turpentine is an exception. 

Hydrocarbon solvents can be arranged as follows, in order of 
increasing polarity. 

+ — 

 

PARAFFINIC ISO- PARAFFINI C TURPENTINE AROMATIC. 

1.6 	Industrial Hydrocarbon Solvents 

Apart from turpentine (the liquid component of the exudate of 
resinous trees) and from the aromatic solvents (obtained by distillation 
of coal tar), all hydrocarbon solvents are obtained from mineral oil. 

Several mixtures are commercially available and cover all degrees 
of polarity from paraffinic to aromatic hydrocarbons. 

A list of some industrial solvents and their composition is given on 
the following page. 
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INDUSTRIAL SOLVENTS AND THEIR COMPOSITION 

Trade Name Paraffinic 

% 

Iso-paraffinic 

% 

Naphthenic 

% 

Aromatic Boiling Range 

% 	°C 

Shellsol T (Shell) 100 — — — 180 - 190 

Isopar G (Esso) — 93 7 — 160 - 175 

Shellsol B (Shell) 89 — 11 — 140 - 160 

Shellsol B.8 (Shell) 82 — 10 8 150 - 190 

V.M. & P.N. (Shell) 45 — 42 13 120 - 135 

V.M. & P.N. (Esso) 49 — 40 11 120 - 135 

White Spirit (Esso) 81 — 3 16 180 - 200 

Shellsol E (Shell) 15 — 3 82 160 - 185 

Shellsol A (Shell) 1 — — 99 160 - 180 

Solvesso 100 (Esso) 1 — — 99 155 - 170 
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2. 	Chlorinated Hydrocarbons 

The introduction of chlorine in hydrocarbon molecules creates 
some polarity of the dry type. 

C.-1- 	C -E. 

As attraction between molecules is increased, smaller molecules 
are used as solvents to obtain proper evaporation rates. 

C. H3 Cl' 
	

C Hz—Cf__2 
	C. H — CR-3 

METHYL 
	

METHYLENE 	 CH LoR0FORP4 
CH LORIDE 
	 CHLORIDE 

Carbon tetrachloride is the least polar of this series because the 
molecule is symmetrical and dipoles cancel off somewhat. Chlorinated 
hydrocarbons are not miscible with water because they have little ten-
dency to form hydrogen bonds. 

CL 

C. C4,4  

CARBON TET it A ct I Lo R I DE 
C-t- 

Cf.  

Other chlorinated solvents derive from the ethylene and ethane 
molecules. 

C C82 	C H Ci TRI CH LO R.0 E THYLEN E CTRI ELI N) 

c ce, 	C  H3 Titi c HLORo ETHANE Cc Ni_o NoTHaPJE) 
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Chlorothene is less poisonous than trielin and other chlorinated 
solvents and is more suitable for conservation work. 

Chlorinated hydrocarbons are not flammable. 

3. 	Functional Groups 

Several solvents are made by adding a group of atoms containing 
oxygen and/or nitrogen to a hydrocarbon molecule. 

Such groups are called functional groups; they modify the polarity 
of the molecule. 

3.1 	Alcohols 

Alcohols contain the hydroxyl group which is polarized and can 
form hydrogen bonds. 

-0--H 
Hvi) Fto XYL 

G Ro u P 

  

  

DIPOLES & HYDROGEN BOND 

The hydroxyl group causes an increase of wet polarity. 

C H3 C H 3 	C H3  C Hz-70H*  
ETNA NE 	 ETHYL ALCOHOL 

C H.3—CHz—C FITCHIT-C H.3 
	'rt.- PENTAN E  

CHT CHi— CH27 CH2,—  CHOH 11.-APyL Le_opioL 

When the hydrocarbon chain is longer, wet polarity is reduced and 
miscibility with water is decreased. 
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Ethyl alcohol is completely miscible with water (i.e. in any ratio) 
while n-amyl alcohol can mix only with a limited amount of water (or 
vice versa). 

3.2 Ketones 

Ketones are characterized by the carbonyl group which is 
polarized and causes an increase of dry polarity. 

C = 0 	 - 

However, if a methyl or methylene group is located next to the car-
bonyl group, some wet polarity arises because through a shift of some 
bonds a hydroxyl group can be formed. 

Cfla  co— c 1-13 
dit ofi -roNE 

I-4  H 
1 	i 

-C-  C--  C-1-1 
i 	11 	f 
H c H 

 

H H ., H 
H--C= C.— C—H 

1 	1 
H- 0 H 

ENOL FO Qin 

 

Some molecules of the ketone transform into a structure containing a 
hydroxyl group; the latter is called the enol form of the ketone. The 
arrows indicate that the reaction goes both ways (i.e. the normal ketone 
can be re-formed from the enol). 

Other interesting ketones are: 

CH — C— CHCH 
3  II 2.

—  3 
0 

P16 ran- anoc-kETetve 

; C
-  CHt-FH-  CH3 

O 	CH3 
AETNA.- 1.10OUTYL- KETONE 
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They evaporate more slowly than acetone and are often more 
suitable for conservation use. 

They show some wet polarity too because there are methyl and 
methylene groups near the carbonyl group. 

3.3 	Acids 

Some functional groups, besides modifying polarity, also give spe-
cial chemical properties to the molecule. 

The group — COOH is called the acid group. 

It can react with water: 

H
+ 

+ 	 — 
C— 	+  11 H 	0 	 \I-I+ 

The acid group is ionized by water and yields some H + ions, called 
hydrogen ions. 

As the arrows indicate, the reaction can go both ways, that is the 
ions can re-combine to form the undissociated acid. 

Only a limited number of hydrogen ions are therefore present in 
the water solution of an acid of this type (about one hydrogen ion per 
1,000 molecules). 

By definition, all substances that produce hydrogen ions when in 
contact with water are called acids. 

The hydrogen ion tastes like lemon (the typical acid taste) and is 
very active from the chemical point of view, as it can corrode metals, dis-
solve calcium carbonate and other salts, and break down the molecules 
of proteins. 
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Acids of the COOH type are called organic acids and are weak 
acids because they yield a small number of hydrogen ions when in con-
tact with water. 

H COOH 
	

CH3  COON 
FORMIC ACID 	 ACETIC ACID 

In the absence of water these acids behave as very polar solvents since 
the non-polar section of the molecules is small and polarity of wet and 
dry type is present. 

CH3- 1----  6-- Fi+  
0- 

+ - + 
H —  C — 0-H II_ 

0 

There are other acids that are not formed from a hydrocarbon 
molecule, nor do they contain the COOH group; these are called 
inorganic acids. 

HC2. 
FLS 04 

H NO3  

HYDROCHLORIC ACID 

SULPHURIC ACID 
NITRIC 	A ciD 

The acids listed above are strong acids because they produce many 
hydrogen ions. 

C - 	H ++- 0 + --4.  Ct —+ H4- 	0 1-1: 
NH 
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The ionization reaction goes one way only, and one hydrogen ion 
is produced by each molecule of hydrochloric or nitric acid. (Sulfuric 
acid yields two hydrogen ions per molecule.) 

These inorganic acids cannot be regarded as solvents even in the 
absence of water. 

A very weak inorganic acid is formed by carbon dioxide when it 
dissolves in water. 

CO, + H2 O 4772' HCO3, 

Fi2c03  + NJ) .-----' H HCO3  + H Hz0 

As carbon dioxide is present in the atmosphere, some amount of it 
is always dissolved in water; this is the reason why distilled water is 
slightly acidic. 

3.4 	Amines, Bases 

The group — NH2 is called the amine group. It can react with 
water: 

N H, 4- H2O ---lb• 4--- -NH: -f- OH 

The amine is ionized by water and yields some OH — ions, called 
hydroxyl ions. 

As the arrows indicate, the reaction goes both ways, that is the 
ions can re-combine to form the amine again. 
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Only a limited number of hydroxyl ions are, therefore, present in 
the water solution of an amine, about one hydroxyl ion per 1,000 
molecules of amine. 

By definition, all substances that yield hydroxyl ions when in con-
tact with water are called bases. 

The hydroxyl ion has a bitter taste and is very active from the 
chemical point of view, as it can break down the molecules of fats and 
neutralize the acids. 

H +  + OH 	±---.---•. Hz0 
N EUTRALIZATION or AN ACID SY A BASE 

(AND VICE-VCR-SA) 

Amines are weak bases because they form a small number of 
hydroxyl ions when in contact with water. 

In the absence of water, amines behave as rather polar solvents 
with some possibility of forming hydrogen bonds (wet polarity). 

_ 	+ 
C H3 — C Hi.— cH, —C Hz— N

i
l —H 

Ht  

,CH=  
9H3  Ha 	Hz  

CH2 	CH— N -1-I 
HZ  

H 
C 

HC  NCH it 
HC 	C H 

\NJ 
CYCLo NE XYL AN N E 	 PYRIDINE 

-n-- BUTYLAII I NE 
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Ammonia is a base even weaker than amines. Its basicity is due to 
a reaction of ionization of the same type. 

NH3  + FLO 47-__-- NH4 + 0H 
ArtmomA 	 Afritiom II," 	I4Y3:4R0 X Yl_ 

ION 	 SO N 

There are other bases that are neither formed from a hydrocarbon 
molecule nor contain the amine group. 

These are the inorganic bases, such as: 

NaOH 
	

SO. itim HYDROXIDE (.% v51-  i c SODA) 

K OH 
	

POTASSIUM 11 YD OCIX1,0 (CAUS TIC P oTA SI-1) 

They are called strong bases (or alkalis) because they yield a large 
number of hydroxyl ions when in contact with water. 

Na OH -4- Ht0 --* Na+  + 01-17---HP 

The reaction goes one way only and one hydroxyl ion is formed by 
each sodium hydroxide unit. 

Some inorganic bases are weaker than the alkalis. 

Na, CO3  + I-12.0 -- NaHC0.3  + Na+-4- OH — 
soDIUM CARBONATE 

Na HCO3 4-  1-1 z  0 3=-6  1-1 CO3  f Na
+  

+OH 2  
SODIUM aicARBoNATE 

36 



Sodium carbonate (or soda) is a weaker base than sodium 
hydroxide (caustic soda) because it produces far fewer hydroxyl ions. 
Sodium bicarbonate is much weaker still. 

Ammonia and inorganic bases cannot be considered as solvents, 
although they can be used in conservation for cleaning because of their 
chemical activity. 

3.5 	Esters and Amides 

Acids can combine with alcohols to form esters. 

CH3 CO OOH + H00-1-z  C I-13  4----2: C1-13-00-0-CHTO-L 

	

1_ 	i  + H2O 

	

ACETIC ACID 	ETHYL ALCOHOL 	ErityL. ACETATE(ESTgla) 

CH3CO-O-CHi-CHT 1-1-CI-13  iso— AMYL ACETATE 

CH, 

All esters contain the group 

-C - 0 - 
II 
0 

— C+—  0----  
II_
0  

which gives some dry polarity to the molecule. However, hydrogen 
bonds are also possible when there is a methyl or methylene group near 
the carbonyl group because an enol form can be formed as in the case of 
ketones. 

CH
2. 

C- 0-CHT-CH3  

H-0 
ETHYL ACETATE IN THE ENOL FORM 
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Acids can also combine with ammonia or amines to form amides. 

H-C 0:0H + -i-Hz,  , __ _. 
FORMIC ACID 	-A-PIMON lA 

, 	 
H-copH  4- 

 H.FNecH3  ....,.... 

H-C 0-NI-iz  + H2O 
FORMAM IljE

/
c

H3 

 

H -CO-N \ + 1-1 2.°  
CH3  

FOR MIC ACID Di-tia-not-Alli NE 	Di-METHYL- rDPIArTIDE 

Dimethylformamide is a solvent showing high polarity, mainly of 
the dry type. 

H — C+— t\f/ C1-13  
11 	4- 
0- 	C H3 

It is a good solvent for oxidized natural resins as these show polarity of 
the dry type too. 

3.6 	Ethers 

Ethers are formed by the combination of two alcohols. 

CH3  CH -; OH + HP-CH- CH .7:± C HI  CHI-0- CH1-CH3  
2- 1--______J 	Z 	3 

ETHYL ALCOHOL_ 	ETHYL ALCOHOL 	ETHYL V TH ER 

38 

+ H2O 



The polarity of the ether group is mainly of the dry type 

I .._ 	_ 	I ... 
— C 	0 — c 

I 	 i 

but attraction towards hydrogen-bonding molecules is possible through 
the oxygen atom. 

_c 6 c4.--- 
HYDROGEN 	, -Iir 4. 

BON D - - - - - - H 	0 

Ethyl ether is far too volatile and flammable to be currently used 
in conservation (the treatment of highly-decayed waterlogged wood is 
an exception). 

Tetrahydrofuran and dioxane are interesting as solvents, although 
rather volatile; they have special ring structures. 

CH CH 
I 2 	I 	Z  
CH 	CH, 

N,1  
Oz  

vON  
CH2 
	I  

CI-12 

CH2  CH, 

TE rRA H YDROFVRAN 	b I OXA N E 

Some solvents of interest are derived from an alcohol containing two 
alcoholic groups in the molecule. 

CH2- 0 H 
I 

CF12.- 0 H 
ETHYLENE GLYCOL 
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An ether can be formed on one alcoholic group only with methyl 
alcohol 

CH 2-0 

CH, 0 

CH3  

H 

ETHYLENE GLYCOL 

METHYL ETHER 

(METHYL CELLOSoLVE) 

or with ethyl alcohol. 

CI-I20 CHz.  CH3  
1 
Cft-OH 

E-THYLENE GLYCOL. 

ET1-tyL. ETHER 

( c ELI...0_50i- vg) 

The cellosolves show special solvent properties because they have 

both dry and wet polarity groups in their molecules. 
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PART III 

SOLUTIONS, EMULSIONS AND USE OF SOLVENTS 

1. 	Miscibility of Liquids 

When two liquids are mixed together they can form a single liquid 
phase; in this case a separation between the two liquids is no longer 
visible. This is the case when water and ethyl alcohol are mixed, for in-
stance. 

Such liquids are said to be miscible. 

miry 
WAT E R + 

ETHYL ALCOHOL 

In other cases two separate liquid phases are formed and the 
separation between them is clearly visible. This is the case with water 
and xylene. 

XYL ENE IS 
LIGHTER THAN 
WATE R AND 
STAYS ON To P 

X YLE N E 

WATER 

IMMISCIBILITY 

If the two layers are energetically mixed together the unity of the layer 
is broken but the two liquids remain separated. Depending on the 
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TRANSMITTED 
LIGHT 

LIGHT 

situation, we can obtain a suspension of droplets of xylene in water or 
vice-versa. 

SCATTERED LIGHT 

Even if the droplets are very small they show their presence by 
scattering light in all directions. 

The transparency of the liquid is sharply reduced and it assumes a 
white, milky appearance (because the incident light is white). 

The suspension is not stable unless stabilized by surface active 
agents. As soon as the mechanical action is stopped, two clear layers of 
liquids are re-formed. 

The rules for miscibility are the same as the rules for solubility: li-
quids of similar nature mix well because they can exert mutual attrac-
tion forces and, other things being equal, disorder prevails. 

Liquids of different natures do not mix because they cannot exert 
mutual attraction forces between their molecules, so disorder does not 
prevail. 

In intermediate cases the triangular diagram of solvents can help 
predict miscibility or immiscibility. 
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2. 	Surface Active Agents. Emulsions 

Unsuitable suspensions of immiscible liquids can be stabilized by 
surface active agents. 

The molecules of surface active agents are composed of a long 
non-polar body on which a polar head is attached. In the most common 
type the polar part is composed of a large negative ion and a small posi-
tive ion. 

— 
	-0 0 

NON-POLAR 	IONIC 
BODY 	HEAD 

Such molecules can be prepared starting from organic acids with a 
very long hydrocarbon chain. 

CI-13  (CH2. ). 	COO H 
OR 

STEARIC ACI D 

 
  

  
 

 
  

  
 

If this acid is neutralized by caustic soda the sodium salt of the acid 
is formed. 

+ 
C 004+N0 Na -  

SODIUM STEARATE 

SODIUM SALT OF STEARIC ACID 
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+ N&++ Hz0 

In contact with water the salt is ionized and water molecules sur-
round the positive ion and the negative part of the acid. 

+ H2O 
4H NH+  ...0-  

- H/  H 
SOAP i N WATER 	\0  - 	CO 4  

H4  Fi+  +jj  ,.,./. 	H 
t., 

The current name of this material is soap. The surface activity of 
soap is due to the fact that the non-polar tail can adhere to non-polar 
materials while the polar head can establish hydrogen bonds with water 
molecules. 

If we consider a drop of a non-polar substance that forms an un-
stable suspension in water, 

- + 
1111---0 

0-0 

we see how the suspension can be stabilized by the addition of soap. 

V- ' 	+\ 	1.1% cc 
t- 

 ii_p N't,  	...... 	 ED i + _o  

\ 	, -)3 
 1 

 .)c). 	',1't'4iz.11-1 I ' 
t 
 - 

+0,54 
LtIO -,:io• 	_iv.,f

eeto  <I,- 
	

t .   " 
ODIU/1 IONS S SODIUM IONS SOAP MOLECULE S 

IN WATER 	ON NON-POLAR DROP 	IN WATER 
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In this condition the droplets of the non-polar substance do not 
show any tendency to join because they bear electrical charges of the 
same sign (negative) and so repel each other. 

A stabilized suspension is called an emulsion. 

  

6-0.° cr 6-  ty Ca-  T 
_ 6 0' 

0 cr o d  0- ,„- 
0- 	0-  a- 
6 6 	o o 

EMU LSION 
( STABILIZED \ 
k SU SPENSION J 

Emulsions are easily distinguished from solutions because of their 
opaque, milky-white appearance (milk is an emulsion) due to the scat-
tering of light. True solutions are clear. 

The cleaning action of soaps and other surface active agents (all in-
cluded under the general name of detergents) is due to the formation of 
stabilized suspensions where dirt particles that are not easily dissolved 
are dispersed in water. 

Non-ionic detergents are made of a non-polar tail joined to a polar 
head that contains several alcoholic groups (OH) or other groups 
capable of forming hydrogen bonds with water molecules. 

-OH" 	NON-IONIC 

OH+ 	
DETERGENT 

OH -0H" 

H YDROcEN- BON D- Fo RtAING- 
H EAD 

  

ar. 

NON POLAR 
TAIL 

45 



Non-ionic detergents can perform the same functions as soap 
without releasing sodium ions and causing basicity of the solution. 

Sodium salts of weak organic acids cause some basicity (and can so 
damage base-sensitive materials) according to the reaction: 

----------COONetHzp 4-72' ---------COOH+Na+t ON 

This reaction is called hydrolysis: basic hydrolysis if hydroxyl ions are 
formed (as in the case above), acid hydrolysis if hydrogen ions are 
formed. 

3. 	Concentration of Solutions 

When a liquid is mixed with another substance (or more than one) 
and a solution results, the composition of the solution can be expressed 
by indicating the amount of substance that is dissolved in a given 
amount of the solution. This is called the concentration of that substance 
in the solution. 

When solids are dissolved in liquids the concentration is often ex-
pressed as the weight of solid, in grams, dissolved in 100 ml of solvent; 
as there is in general little difference between the volume of the solu-
tion and that of the solvent, this can be considered to be approximately 
equivalent to the definition of concentration given above. 

EXA/APLE : 10 GRAMS OF NaCe ARE DISSOLVED 
IN 500 MILLILITERS OF WATER 

CONCENTRATION OF Naa IN WATER I CI  = 2 7e(7.,) 500 	- 

The w/v symbol (which means weight/volume percentage) indi-
cates the type of units used to calculate the percentage. 
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Weight/weight (w/w) or volume/volume (v/v) percentages are also 
used, the latter type in the case of the mixing of liquids. 

EXAMPLE: ACETONE IS DILUTED I To 4 WITH WATER 
(c.4)3 PARTS WATER ARE /"FIXED WITH I PARTACETONE 

CONCENTRATION OF ACETONE 1_ — 2.5% (vi, 
+ — 

When concentrations are expressed in percentages, it is important 
that the type of percentage intended (w/v, w/w or v/v) be indicated, as 
the figures can change when passing from one type of percentage to 
another. 

In chemical work, concentrations are also expressed in moles per 
litre. One mole is a number of grams equal to the molecular weight of 
the substance dissolved. 

EXAMPLE : HYDROCHLORIC ACI D 	HCt, 
MOLECULAR WEIGHT = 36 

l MOLE = 36 8 
SOLUTION twit = l mOtE/fITER = 363A ITE R =3.68/001a=3.6rZ) 

SOLUTION 0.51.101 = 0.5,ThoVuTER =188/LITER = 1.8 %("Ii4 ) 

A solution containing 1 mole per litre is called one molar (ab-
breviation 1 mol or 1M); a solution half as concentrated would be 0.5 
molar (0.5 mol or 0.5M). 

[ H Ci ] = 1 

The square brackets are used to indicate molar concentrations. 
Put simply, the equation above means that a solution of hydrochloric 
acid is 1 molar. 
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H + + 0H - --II. 
.III H2O 
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4. 	Acid and Basic Solutions. pH 

It is often interesting to know whether a solution in water is acid, 
neutral or basic. 

According to the definitions of acids and bases it can be stated 
that: 

(a) A solution is acid if there are more hydrogen ions than 
hydroxyl ions. 

[ 1-1÷] > CoF1 

(b) A solution is neutral if there are as many hydrogen ions as 
hydroxyl ions. 

[0H]=[ H+] 

(c) A solution is basic if there are more hydroxyl ions than 
hydrogen ions. 

[ 0 1-1-  ] > [ 1-4 ÷ ] 

So we should know the concentrations of both H + and OH — to be 
able to tell if the solution is acid or basic. 

However, because of the existence of the neutralization reaction 
that goes both ways (equilibrium of neutralization), 



the product of the molar concentrations of H + and OH must be con-
stant, that is equal to a number that is known. We write this statement 
in symbols as follows: 

CONSTANT  

CONSTANT = 1 0 --14  

This number is an extremely small one, having 13 zeroes after the 
point and before the first figure that is 1. 

According to the equation above, if we know [H ] we can calcu-
late [OH — ] and vice-versa. Normally only [H ] is measured to find out 
whether a solution is acid, neutral or basic. 

Since [H ] is often a very small number, with several zeroes after 
the point, it is transformed in order to make it simpler. 

If a solution is neutral 

[H1 = E0H1 AND 

So { 1-11 = 10-7  

[OH-] = 10-14  

[OH-] = 10-7  

To make the number 104  simpler, we transform it into its recipro-
cal 107  and the latter into its logarithm 7. We call this last number the 
pH of the solution. 

pH OF A NEUTRAL SOLUTION = 7 

An extremely basic solution can have a concentration of hydroxyl 
ions equal to one (this would be the case of caustic soda 1 molar). 
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According to our definitions: 

[141 x [oHl = 10-14  

[ H1= 10-14  

LoGARITHm=14 	pH= 14 

CHI x 1 = 10 -14  

RECIPROCAL= 1 0 14  

IF [01-11= I AND 

pH OF AN EXTREMELY BASIC SOLUTION = 14- 

A very acid solution can have a concentration of hydrogen ions 
equal to 0.1 (this would be the case of hydrochloric acid 0.1 molar). 

In this case: 

IF 	[ H4] = 0.1 = I OH  AN D [H+] x [OH ]=10
-14 

[011]::: 10 -13 	[H+] = 10-I  

RECIPROCAL= 10 1  LOGARITHM = I 	pH = 1 

PH OF A VERY ACID SOLUTION 7--: I 

In the case of a concentration of hydrogen ions equal to 1 (as 
would be the case of hydrochloric acid 1 molar) the pH would not be 1 
but 0, because 

[ H 4 ] = I = 10°  RECIPROCAL =10°  LOGARITHM= 0 

P  H OF' AN EXTREMELY ACID SOLUTION= O 

pH values can be measured by means of indicators, that is dyes that 
change colour at a given pH (like tea when lemon is added). 

pH can also be measured in an electrical way by means of pH 
meters. 
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5. 	Use of Solvents. Evaporation Rate 

A solvent should have an evaporation rate suitable to the opera-
tion it must perform. 

In the cleaning of paintings, for instance, if the solvent evaporates 
too soon (as is often the case when acetone is used) it is very difficult to 
soften properly the layers of oxidized varnishes and to remove them 
before the solvent disappears. 

Conversely, if the evaporation is too slow the solvent can remain 
in contact with the original paint layer for a long time and soften it. In 
such a condition the paint layer can be easily damaged by a slight 
mechanical action. 

Another unfavourable effect of solvents that evaporate slowly is 
the fact that moist surfaces are rapidly soiled by dust which easily 
adheres to them. 

Examples of solvents showing excessively small evaporation rates 
are glycerine and triethanol amine. 

When a solvent is used as the carrier of an adhesive in order to 
consolidate an object by impregnation, a high evaporation rate can 
inhibit penetration of the consolidant while a slow evaporation can 
leave the object sticky for a long time. 

Evaporation rates are easily evaluated if the vapour pressure of 
the solvent at room temperature is known. This is measured in mil-
limetres of mercury, in short mm Hg (remember that liquids boil when 
their vapour pressure equals 1 atmosphere and that 1 atmosphere 
equals 760 mm Hg). 

Solvents showing vapour pressures between 2 and 5 mm Hg at 
room temperature are probably the best suited for conservation works 
of the types mentioned above. An enlarged range, from 1 to 20 mm Hg, 
can still be accepted as a general specification for conservation. 
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Unfortunately, often the vapour pressure at room temperature is 
not found easily for several solvents (some data are reported in the 
table of solvents, annexed to this text). In such cases the boiling point of 
the solvent can give a useful indication. 

Hydrocarbon solvents that boil between 130°C and 170°C appear 
the best suited for conservation work. 

Boiling point figures can be lower for polar solvents because the 
vapour pressure decreases more sharply with the temperature. 

Water (boiling point 100°C) is an acceptable solvent while ethyl al-
cohol (boiling point 78°C) is a little "fast" but still usable. 

6. 	Hazards of Solvents. Toxicity and Flammability 

Most solvents are toxic and cause poisoning upon prolonged ex-
posure to their vapours. 

The dangerousness of a solvent is best evaluated by considering 
the maximum allowable concentration (in air) or threshold limit (TL) al-
lowed by health regulations for continued exposure of industrial 
workers. 

This concentration is expressed in parts per million (ppm). A low 
figure (below 25 for instance) shows a relatively high toxicity. A figure 
between 25 and 100 corresponds to an average toxic level (several com-
mon solvents fall into this range), while between 100 and 1,000 toxicity 
can be considered low. Above 1,000 no toxicity at all can be presumed. 

It must be borne in mind, however, that the tables of maximum 
allowable concentrations in air are periodically revised and that all 
revisions to date have lowered the figures because new long-range toxic 
effects of some solvents have been discovered. 

It is, therefore, advisable to consider all solvents as potentially 
dangerous and take proper precautions to control their concentration in 
air and to reduce the exposure time of the operators. 
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Particular care must be taken in the cleaning of paintings when 
prolonged exposure to concentrated solvent vapours is possible. 

Precautions must also be taken when flammable solvents are used. 

Flammability is evaluated by measuring the flash point of the sol-
vent. 

The flash point is the temperature above which a mixture of sol-
vent vapours and air can be ignited by a flame or a spark. 

If the flash point is below room temperature or only slightly 
above, fire precautions must be seriously considered, particularly if 
large amounts of solvent are used. 

Transport regulations consider all liquids having a flash point in-
ferior to 37°C as potentially dangerous. 

It is seldom realized that fire starts generally in the vapour phase, 
not in the liquid itself. Therefore, when a volatile solvent is used and the 
air becomes saturated with solvent vapours, it can be ignited by a spark 
(a normal electric switch produces a spark when operated) or a 
cigarette, even if the ignition source is kept distant from the flammable 
liquid. 

7. 	Mixtures of Solvents 

Solvent mixtures are frequently used in conservation. Their 
solubility properties can be estimated if the three solubility parameters 
of all components are known. One multiplies the parameters of each 
component by its concentration in the mixture and sums up the result. 

For maximum precision molar percentages (number of moles per 
hundred moles of mixture) should be used, but in view of the uncertain-
ty over the values of the parameters themselves, volume concentrations 
(v/v) or weight concentrations (w/w) can be used instead. 
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As an example let us calculate the approximate parameters of a 
mixture of methyl isobutyl ketone (30% v/v), methyl cellosolve (30% 
v/v) and dimethylformamide (40% v/v). 

PARAME TERS 

N 	D 	vv 
M. 1. k, 58 22 20 

METHYL-CELLOSOLVE 39 22 39 
D MTH YLFORMAMIDE 41 32 27 

PARAMETERS MULTIPLIED BY CONCENTRATIONS 

N D w 
/4.1.1.1<.(30%) 	58)A-  22x1 20 xth 

METHYL— CELIASOutE (30* 	 2a X. 	39x-457r 39x-ig- 
D IMETHY LFD RPWAI DE 00441 x 42 	32x4135- 2.7 xiS 

M.1. K. 

PARAPIETERS OF MIXTURE 

N 	D 	\X/ 
17.4 	6.6 	6.0 

METHYL— c Elia soLvE 11.7 6.6 11.7 
DimETHYLFOR/Wii DE 16.4 12.8 10.8 

45.5 26.0 28.5 =100 

The mixture can thus be located in the triangular diagram and its be-
haviour towards solids, whose solubility area is known, can be evaluated. 

If acid or basic components (and water) are added to solvents, the 
solvent properties of the mixture cannot be evaluated from the 
solubility parameters alone; the possible chemical reactions of hydrogen 
or hydroxyl ions must be considered too. 
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Ak 	A 

A 
A WAY& 

ATM TAI I ',NAVA& 

A
A Air," if irt 

   

N NCREASING DISPERSION FORCES CONTRIBUTION 

DIAGRAM OF SOLVENTS 

Data from Predicting Resin Solubilities by J.P. Teas, printed by 
Ashland Chemicals Company, Columbus Ohio. See also the Table of 
Solvents in the following pages. 

D = dipole-dipole attraction 
W = hydrogen bond 
V = dispersion forces 
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SOLUBILITY PARAMETERS OF SOME POLYMERS AND RESINS 

N D W 

Poly-methyl-methacrylate 51 27 22 

Poly-ethyl-acrylate 55 32 13 
(Lucite 2042) 

Poly-vinyl-acetate 51 27 22 
(Mowilith 50) 

Poly-vinyl-butyral 46 24 30 
(Butvar B76) 

Poly-vinyl-chloride 54 26 20 
(Vipla KR) 

Epoxy resin, before setting 44 28 28 
(Epikote 1001) 

Polystyrene 63 22 15 
(Polystyrene LG) 

Polyamide 56 5 39 
(Versamide 930) 

Petroleum hydrocarbon 
resin (Piccopale 110) 

72 13 15 

Nitro-cellulose 38 38 24 

Ethyl-cellulose 47 28 25 

Urea-formaldehyde resin 48 20 32 

Rosin ester 57 19 24 
(Cellolyn 102) 
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