Question
A methane molecule has one carbon atom C' and four hydrogen atoms
H,, Hy, H3, Hy. 1f we take the carbon atom to be centred at the origin (0, 0, 0)
then the hydrogen atoms H,, Hy, Hs, H4 have position vectors Rty, Ri'5, RT3,
Rt 4 respectively, wherer; =i+ j+kro=—-i—j+krs=—-i+j—kry=i—j—k
and R is a scalar known as the bond distance of the molecule. Rt;, Rfts,
Rt3, Rity4 are called the bond vectors of the molecule.

(a) Calculate the unit vectors ¥y, ta, t3, 4 and hence write down the four
bond vectors of the methane molecule.

(b) Find the angle between the bond vectors Rf; and R

(c) Calculate Ri;— Rf; and hence express |Rf; — Ri |, the distance between
the hydrogen atoms H; and Hs, in terms of R.

Answer

(a) |r;] = V/3 so we have the unit vectors:
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and the corresponding bond vectors:
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(b) Let 0 be the angle between the bond vectors Rt and Rfo:
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|R#1| = R, |Ri3] = R so that:
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