
ENv 407 - Atmospheric Frocesses: From croucrs to Grobar scares
Phase Nucleation

Nucleation of a pure phase of one component is referred to as
homogeneous
heterogeneous

2. Most of the nucleation processes in the atmosphere r J
a) homogeneous nucleation

@h.t.rùeneous nuclearion

Surface tension work

3. Write an expression for surface tension work

dw = o-ÀA
4. What are the units for surface tension?
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16. Refer to Fig. 5.3, which is a graph of Kelvin's equation
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17. The on of pure water droplets requires a vapor pressure that is (less than, equalft,*,

the saturation vapor pressure over a plane surface of pure water

l8 .lf the relati ve humidity of the air is l\OVo, droplets of pure water will
b) grow further by condensation c) remain the same size

19. Are values of S-1.5 and S=4 observed in the atmosphere? What is a realistic maximum
valueof Sthatisobservedintheatmosphere? Mq rA_Q.rj*,.C- Ç =l_ô<l( _ l"gt
20. Aerosol particles that attract water are called
a) hy hobic

2l . Cloud condensation nuclei (CCN) are aerosol particles that nucleate water drops at
supersaturations less than
a) l007o
b) l07o
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Combination of Kelvin's Law (#16, pure droplets with surface tension effects) with Raoult's
Law (4.48) for solutions yields Kohler's equation:

""8:!,-r,,,) = lr - {]"*p (ol.) (5.17)

rvhere o=2o6|(p,R,f . Use the Kohler curve below to estimate:

r.005

1.004

q
r.003

0.999

o.998
lO-5 2 3 4 5 6 78919-a 2 3 4 5 6 7es1g-3

Rodius, cm
1.tû. .1.'{- - Curves of equiiibriunr stlration ratio of water tlrnplefs conlaininc the siatecl mass of sodiuur chioride conrpareri rçith Kclvin srrve

ior purc xater droplets. f/se!.' curve ior 5 )< lù-t0 g \iaCl oa a comprescd ;ccle extenrled to thc droplct size at rçbich ihr givcn smount of NaCl
içould forn r sttâted slt solution in tire rlroplet. ;lli coc)pulatio[s are ma-.je for a trmp€ràtulc of 25" {], irut rhe ralues nre very oearly the
sacrr: st othqr atrrrosp[rcric tenperatures.

()
;
o

0É

c
.?*
o
:
o
u)

-00

r.00.1

2

000l.

25.The radiusof thedropletthatwill beinequilibriumonaNaCl particleof mass l0rtginair
which is 0.lVo supersaturated.
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26. The relative humidity of the air adjacent to a dr_qplet of 0.3 microns with t0 r5 s NaCl

c,,3*.r o-Ç rn -- o,3Flo-*Cu = 3 do-{n+ :r fl:rht ts)fà0"Î+f à\ q?,SfùrfH
27. The critical dupersaturation required for a NaCl particle of mass l0f g to grow beyond thenu"t'$*'.** ( --> s= /,0oa3f ==+ s* o,3s/" supel'râturu".fr"'ua'

28. Consider the droplet with radius r with a CCN consisting of 1015 g NaCt in an environment
with saturation ratio S, as indicated by point A. Is the droplet growing, evaporating, or in
eqtrilibriumt 
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29. Consider the droplet with radius r with a CCN consisting of l0 I' g NaCl in an environment
with saturation ratio S, as indicated by point B. Is the droplet growing, evaporating, or in
equilibrium?
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