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Viscosities and Surface Tension of Some Common Substances at 20 °C

Formula Viscosity Surface Tension
(N.s/m’) (J/m?)

CsHy, 2.4 x 10™ 1.61 x 10~
CeHg 6.5 x 10" 2.89 x 107
H,0 1.00 x 10 7.29 x 10~
C,HsOH 1.20 x 10~ 2.23 x 107
Hg 1.55 x 107 4.6 x 10"
C;H;5(OH); 1.49 6.34 x 107
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Fig. 13 : The three of matter and their six interconversions. The red arrows indicate
endothermic conversions- processes that require an input of entropy. The blue arrows indicate
exothermic conversions-processes that require cooling.

Fig. 14 : A representation of diffusion in solids. When blocks of two different metals are
clamped together for a long time, a few atoms of each metal diffuse into the other metal.
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Fig. 18 : Kinetic energy and evaporation. At any given temperature a fraction of the
molecules at the surface of a liquid have sufficient energy to escape to the vapor phase.
When the temperature of the liquid is raised, a larger fraction of the molecules have
energies greater than the kinetic energy threshold, so the vapor pressure increases.
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Fig. 19 : Distribution of kinetic energies of molecules in a liquid at different
temperatures. At the lower temperature, a smaller fraction of the molecules have the
energy required to escape from the liquid, so evaporation is slower and the equilibrium
vapor pressure is lower.
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Liquid 0 25 50 75 100 125
°C °C °C °C °C °C
water 4.6 23.8 92.5 300 760 1741
benzene 27.1 94 .4 271 644 1360
methyl alcohol 29.7 122 404 1126
diethyle ether 185 470 1325 2680 4859
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The normal boiling
point of diethyl ether
is 34.6 °C...

...and of water
is 100 °C,

..of ethyl alcohol
(ethanol) is
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Fig. 22 : Vapor pressure curves for diethyl ether (C,HsOC,Hs), ethyl alcohol (C,HsOH),
and water (H,O). Each curve represents the conditions of T and P where the two phases
(pure liquid and its vapor) are in equilibrium. Each compound is a liquid in the
temperature and pressure region to the left of its curve, and each compound is a vapor for
all temperatures and pressures to the right of its curve.
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Fig. 23 : Plots of the vapor pressures of the liquids in table 6 . The normal boiling
point of a liquid is the temperature at which its vapor pressure is equal to one atmosphere.
Normal boiling points are: water, 100 C, benzene; 80.1 °C; methyle alcohol' 65.0 °C; and
diethyle ether, 34.6 °C. Notice that the increase in vapor pressure is not linear with
temperature.
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Eqquilibrium
ligquid and vapor

Initial: liquid only

Fig. 30 : A representation of the measurement of vapor pressure of a liquid at a given
temperature. The container is evacuated before the liquid is added. At the instant the liquid
is added to the container, there are no molecules in the gas phase so the pressure is zero. Some
of the liquid then vaporizes until equilibrium is established. The difference in heights of the
mercury column is a measure of the vapor pressure of the liquid at that temperature.
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Fig. 31 : The apparatus on the left shows a mercury barometer, with a vacuum over the
mercury column and a flask containing a liquid and its vapor. The stopcock between the
top of the barometer and flask is closed. in the apparatus on the right, the stopcock has been
opened and the vapor pressure exerted by the liquid in the flask (in Torr) can be measured by
recording the distance in millimeters by which the column of mercury has been lowered. The
vapor pressure is the same, however much liquid is present.

A A A Y NN A RNy e

|

Water Ethanol

|

23.8 mm
58.9 mm

760 mm

Fig. 32 : Three tubes of mercury; the tube in the middle is attached to a flask of water like
that in above Fig, and the one on the right is similarly attached to a flask of ethanol. Neither
flask is shown. The fact that ethanol has a higher vapor pressure than water is shown by the
fact that level of mercury in the tube connected to the ethanol flask is lower than the level in
the tube connected to the flask with water. The total pressure at the base of each column is the
sum of the pressure due to the weight of the mercury and the vapor pressure of the liquid.
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Fig. 44 : Laboratory set-up for distillation. During distillation of an impure liquid, nonvolatile
substances remain I the distilling flask. The liquid is vaporized and condensed before being
collected in the receiving flask.
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Temperature —

Fig. 48 : When heat energy is added to a solid below its melting point, the temperature of the
solid rises until its melting point is reached (point A). If the solid is heated at its melting point,
its temperature remains constant until the solid has melted, because the melting process
requires energy. When all of the solid has melted, heating the liquid raises its temperature
until its boiling point is reached (point B). If heat is added to the liquid at its boiling point, the
added heat energy is absorbed as the liquid boils. When all the liquid has been converted to a
gas (vapor), the addition of more heat raises the temperature of the gas. Each step in the
process can be reversed by removing heat.
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Fig. 49 : A typical heating curve at constant pressure. When heat energy is added to a solid
below its melting point, the temperature of the solid rises until its melting point is reached
(point A). In this region of the plot, the slope is rather steep because of the low specific heats
of solid [e.g., 2.09 J/g. °C for H,O(s)] . If the solid is heated at its melting point (A), its
temperature remains constant until the solid has melted, because the melting process requires
energy. The length of this horizontal line is proportional to the heat of fusion of the substance-
the higher the heat of fusion, the longer the line When all of the solid has melted, heating the
liquid raises its temperature until its boiling point is reached (point B). The slope of this line is
less steep than that for warming the solid, because the specific heat of the liquid phase [e.g.,
4.184 J/g °C for HyO(L)] is usually greater than that of the corresponding solid. If heat is
added to the liquid at its boiling point (B), the added heat energy is absorbed as the liquid
boils. This horizontal line is longer than the previous one, because the heat of vaporization of
a substance is always higher than its heat of fusion. When all of the liquid has been converted
to a gas (vapor), the addition of more heat raises the temperature of the gas. This segment of
the plot has a steep slope because of the relatively low specific heat of the gas phase [e.g.,
2.03 J/g °C H,O(g)] . Each step in the process can be reversed by removing the same amount
of heat.
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Fig. 50 : During any phase change, liquid &z—gas and solid &——>liquid the temperature

remains constant.
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Fig. 53 : Clausius-Clapeyron equation plot for ethanol. Plotting In P versus 1/T yields a
straight line whose slope is directly related to AHvap.
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Fig. 57 : Surface tension. Surface tension, the energy required to increase the surface area of
a liquid., arises from the difference between the forces acting on a molecule within the liquid
and those acting on a molecule at the surface of the liquid.
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Fig. 65 : Noncovalent forces at surface.
a) The meniscus of water in a pipette is concave.
b) The meniscus of mercury in a glass tube is dome-shaped (convex).
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Parachor assigned by
Sudgen Vogel Quayle Mumford and
Philips
- CH, - 39.0 40.0 40.0 40.0
C 4.80 8.6 9.0 9.2
O, in ester 20.0 19.8 - 20.0
Cl 54.3 - 55.2 55.0
Br 68.0 68.8 - 69.0
Single covalent bond
Single bond -11.6 - - -9.0
Double bond 23.2 19.9 - 19.0
Triple bond 26.6 40.0 - 38.0
3- membered ring 16.7 - - 12.5
4- membered ring 11.6 - - 6.0
5- membered ring 8.5 - - 3.0
6- membered ring 5.0 - - 0.8
7- membered rind - - - 0.4
AY) Jeo

xie (32.24 dynes/cm) & P-chlorotoluene (C/H7Cl) S el akudl 536l
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1.065g cm

Ji
P=118.78 x (32.24)%

1
logP = log118.78 + Zlog(32.24)

log P=2.0747 + 0.37709
log P=2.45179
P = anti log 2.45179

P =283.00 )
b S pall S il g (o eS ll) Aad il
7 carbon atoms =7 x 4.8=33.6

7 H atoms =7 x 17.1=119.7
1 Cl atom =1 x 543=543
3 double bonds =3 x 23.2=69.6
1 =1x 6.1=6.1

Cal. Parachor Value = 283.3
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Viscosity gyl

a9l el gt

o (Ame (558 Ll JIL) (s A s (eliia) s Sl A sl oo A2 g 30
slall (L IS 63 ) jad) Ao ja (ui ale (g peadad) (oo A g 31 JB1 plal) g el g g puudad)

(V) JS8) Jusnll (30 3 50

Charles D. Winters

Fig. 71 : Viscosity. Honey is viscous, so it builds up rather than spreading out, as less viscous
water would.
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=
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a

Fig. 72 : The relative viscosities of several liquids, compared with water. Liquids composed
of molecules that cannot form hydrogen bonds are generally less viscous than those that can
form hydrogen bonds. Mercury is an exception: its atoms stick together by a kind of metallic
bonding, and its viscosity is relatively high.
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Liquid 0°C 10°C 15°C | 20°C | 25°C | 30°C | 40°C | 50°C

Aniline 12.200 | 6.450 | 5.300 | 4.270 | 3.640 3.11 2.360 | 1.860

Benzene 0.900 | 0.757 | 0.696 | 0.647 | 0.596 | 0.561 | 0.492 | 0.436

Carbon 1.351 1.138 | 1.040 | 0.975 | 0.903 | 0.848 | 0.746 | 0.662
tetrachloride
Chloroform 0.699 0.625 | 0.596 | 0.563 | 0.532 | 0.510 | 0.464 | 0.424
Ethanol 1.772 1.466 | 1.300 | 1.200 | 1.078 | 1.003 | 0.834 | 0.702

Methanol 0.808 | 0.690 | 0.623 | 0.592 | 0.544 | 0.515 | 0449 | 0.395

Toluene 0.772 | 0.671 | 0.623 | 0.590 | 0.560 | 0.525 | 0.471 | 0.426

Water 0.178 1.304 1.137 1.002 0.890 0.798 0.654 0.547
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Fig. 78 : The Ostwald viscometer, a device used to measure viscosity of liquids. The time
it takes for a known volume of a liquid to flow through a small neck of known size is
measured. Liquids with low viscosities flow rapidly.
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