Fig. 15-26. We assume the molecules are in random motion. Yet there will be a
met Mow of molecules do the mght, To see why this s true, lel s consider the
amall section of tube of length Ay as shown. Molecules from both regions | and
2 croms inta this central section as o resull of their random motion, The more
maolecules there are in g region, the more will sirike a given area or cross a
bowundary. Since there is a greater concentration of malecules in region | than in
region E, more moleculbes cross info the central section from region | than from
region X There is then, & net flow of molecules from left to right, from high
concentralion oward low concentration. The nel fow hacomes #ers only whien
the comcentridtions become egual,

YWou might expect that the greater the difference in concentration, the
prealer the Tlosw rale, Indeed, (he mate of diffusion, S {mumber of molecules or
males or kg per second), is dircctly proportional to the chonge in concentration
per unit distance, | — O]/ A&y (which is called the concentration gradient),
and 1o the cross-seclionnl arga A (see Fig, 13-26)
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I is a constant of proportionality called the diffusion constant, Equation 13-110
is known as Lhe diffusion cguation, or Fick's law, If the concentrations are given

I=n (13101}

in mod/m®, then J is the number of moles passing a given point per second. TF

thie concentralions are gi.n:.n mn kFI-"rll", then F 15 the mass movement per secommd

(kg/sk. The length Ax is given in meters. The valwes of £ for a variety of

substamees are given in Table 13-4,

FC AR EREN ESTIMATE | Diffusion of ammonia in air. To got an
idea of the time required for diffusion, estimate how long it might take for
ammonia (NH;) to be detected 10cm from a bottle after it is opencd,
assuming only diffusion is eccurring.

APPROACH This will be an Llrdcﬁ:hl-mlg_nitlldu calewilatwn, The eate of diffi-
sion J can be set egual 1o the number of molecules N diffusing peross aren A
in atime r: £ = N/r. Then the time ¢ = N/J, where Jis given by Eq. [3-10.
Wi will have o make some assEmplEns sl rI.I-IIJ_ﬂI ap[.ln:_:-x'imil.lin:mx abonil
concentrations to use Eq. 13-10
SOLUTION Using Eqg, 13-10, we pet
N_N &x
""" T " Daac

The average concentration (midway between bottle and nose can be approx-
mated by © = NV, where ¥ is the volume over which the molecules move
and is roughly of the order of ¥ = A Ax. where Ax Is 10cm = 0.0 m. We
subshiie N = I'T"L"' = F.-‘I. Arx inlo the ahove -u:n;|_|,|i|.|i|:m:

= (A Axpdy C [Ax)

DA AC AC D
The concentration of ammonia 5 high near the bottle and bow near the
:h,:l-,'t:ling MASE, S0y E_ = '."n['.-"l_ ar [F.I'.fl.{'] -] '!- Since MH, maolecules have a
size somewhere between Hy; and O, from Table 13-4 we can estimate
I = 4 = 107 m® /s, Then
(10 my

- R

(4 = 107 m )

= I(Kig,

ar aboast o minute or two,
NOTE This resull seems mather long from experience, sugpesting thal air
currents {eenvection § are more important than diffusion for transmitling odors,
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FIGURE 13-26 [¥ilTusion ooours
frimm a region of high cencentration
o one ol lower coscentration. [Only
o Ivpe of modecule iz shown.)
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TABLE 13-4 Diffusion

Constants, I} (20°C, 1 atm)
INTsing

Midecules Medium ¥ {m'/s)
H; Ar 6.3 % [0°°
ik Ajr 1.8 0%
Ok, Water 100 ¥ 107"
sl

hemoglobin  Water 6.9 = 107"
Cilycine (an

amino acidy  Waler 85 = 107!
DA (mass

6= 10Fu] Water 013 107!

*SECTION 13-14 Diffusion 317



