¢ = 0° for trans conformation and G=T-120° G'=T+120°. So more

trans conformation gives larger second moment of end-to—end

distance. The last term is greater than one. (See Lecture # 200 for
energy level of T, G, and G")

2.9 The Gaussian Chain

Freely jointed model (and other end-to-end distance model):
—gives idea of flexible, randomly oriented chains

—doesn't lead to any further analysis.

Motivation

Consider a representative chain OA (Figure 2.16) with a coordinate
system attached at one end.

The end-to—end vector be:

r = ix + jy +kz (2.13)

216 The statistical problem—what is the probability that for a chain,
volume element dV=dxdydz at r from the other end 07

one end A lies in the

Figure 2.16

The chain OA can take up an enormous number of different
conformations, characterized by r — The probability that the other
chain end lies within the volume element dV=dxdydz decreases as r

increases!



See Figure 2.17 for one dimensional conformation.

(b}

- X, ———=

[c] m

(d) e

— L >

2.17 There are a certain number of conformations, or shapes, which the chain can take up
with end-to-end separation x,: two of the many are shown in (a). When the separation is
increased to x, (b) the number of possibilities is less, and at x, (c) less again. In the limi,
when the end-to-end distance equals the contour length L, there is only one conformation (d);
the straight one.

Figure 2.17

For x = L (Contour length): Only one conformation exists— The

probability of occurrence is insignificant.

For x = 0 (O and A coincide): The greatest # of conformation —

Probability of occurrence is greater than any other values of x.
For O<x<L —Probability of occurrence is intermediate.

»If x; can be achieved by 10° times more than x», which is again



10° times more than x3, then the occurrence of value
x1/x9/x5=10°%/10%/1

A function closely describe this behavior is the Gaussian function.

Gaussian chain (model):

End-to—end separation of a polymer follows Gaussian statistics.

One dimensional Gaussian function:

_ expl (a/p)’
pla)=—"7 =

(2.14)

p = a representative length (a parameter)

The probability that the chain length lies between x and x+dx is
linearly proportional to the magnitude of dx. The probability of the
end-to—end length lying between x and x+dx to be the product of

p(x) and dx:

exp|— (z/p)’]

Vo p

p(z)dx = dx (2.15)

See Gaussian function at Figure 2.23.
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223 The Gaussian distribution functions of the end-to-end vector r, Plr) =
(fmp)~ 3exp[—(r/p)?) and 4mr2P(r) (see eqn 2.N.7.2) plotted against r for a polymer chain

with p=30 nm.

Figure 2.23.

P Bell type, symmetrical about, and with a maximum at x=0.
The function i1s applicable for any random processes such as the

distribution of rifle shots on a target (Figure 2.18).



(@) = —

(b) —x < > +x

2.18 (a) The distribution of shots on a target. (b) The density of shots along a line such as
AA' is proportional to p(x), the Gaussian function (see eqn 2.14)

Figure 2.18

» The distribution of shots (# of shot per unit length) along line A-A
1s described by eq 2.14.

» The # of shot in a length dx will be given by eq 2.15.

Three dimensional Gaussian model
The probability that chain end A lies between x~x+dx, y~y+dy, and

z~z+dz to be

Plz,y,z)dzdydz= p(x)p(y)p(z)dzdydz
_ exp—[@®+y* +2°)/p”) (2.16)

(Vmp)?

dxdydz

_ exp[=(r/p)’] dedyd-

(Vrp)®




Gauss &9 ZZH2N7)

P(’I“) _ exp— (’l“/p)Q

(2.N.7.1)
(Vmp)?
o5
Pr)dv= 22—/ £ E s smrar (2.N.7.2)
(V7 p)
47'(' 2 2
= ———r exp|—(r/p)’]dr
(Vmp)®
O most probable value of r
4 (p(r)av)= 0
dr
d 4 2r
—(P(r)dV)= 7[2rexp— (7"/,0)2+ 7“2(— —)exp— (r/p)QZ 0
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3
So, <r’> = 5;)2 (2.18)

from AF-AF& modul

<r’> = nl’ (2.10, 2.19)
(18)+(19)
1
2 —
p=(Z1)2 (2.21)

3

2.10 Al 3k (Molecular Orientation)
WA ey o 52 Hol oy JtEHAH oA Loy (Fig.2.19)
A A=A

L 7
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A A8 Al

extruderingjection
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o] 2% 50 =4 (Fig. 2.20)
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219 An amorphous polymer is extended above the glass transition and then quenched to
the glassy state. The resulting conformations are no longer random: there is 'frozen-in'
molecular orientation, which remains when stress is removed

Figure 2.19

Figure 2.20
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2.20 Section AB of molecule CD is inclined at angle ¢ to the z-axis.

B2} (1)9] segment(Z& functional group) AB (Z=3} Ztd)

Bk - cos“® (sample N9 % segmento] t]st )
v gkel =z} = f (orientation factor, Herman)
2
d—1
p= Soos Pl (2.22)
2
for
R 3—1 ) ) )
o =0° f= T: 1 perfect orientation along Z-axis
—1 ) )
® = 90°, f= - per endicular to Z-axis

How about random orientation ?
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