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Bonding — Diatomics-09 update (Ch. 16 Engel, Ch.10-Atkins)

For multi electron atoms we built up from H-atom
For molecules take same approach

Can solve problem for H,"

(1 — e in non-central potential — 2 nuclei)

?jet somethlng like sand p -- o, and ¢*, (also m, 71;*)

A’S‘C}J (3(.1+ I.lj/.!'"d'ﬂ 'lﬁﬁuli"\ﬂ.

bonding -- ¢ antl-bondi'ng—cs*
As go out with contours Alternate — has nodal plane
gets more spherical recall—nodes—> energy

Both have cylindrical symmetry about z-axis —
this is equivalent to m; = 0 — o-state
e attracted to both nuclei, far away looks like atom
c - bonding — y*y increase between nuclei (e density)
c* - anti-bond — y*y decrease between nuclei
U

T ps
Reference state — 2 atoms V \ <*
; AN
(H2" —atom and proton) o Yoo N
As atoms approach, foce - 0 = —>R
their electrons H o+ H* ){
— attract other nucleus reference
— repel each other (not H,") energy

-- always the nuclei repel

s Lot
Balance n-n repuls, e-n attr.
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Full Hamiltonian (need to know!!):
= - $ 2 2M V.2 -3 h22m.VE2 -53 Z,&°Irig +3€°Ir + 5 Z,Z3e° IRy
i o, B

o=1 i=1 i o

n-KE e-KE n-e attr.  e-erepul. n-nrepul
Bonding balance: e —n attract with n — n repel

MO : For one electron, can drop sums on i and 4" term,
solution is a 1 e- wave fct. — i.e. orbital with 2 nuclei

Plot as fct of R (n-n separation) go from united to
separate atoms, or He—>2H, with H, between

1-elctron plot:

T + H+ H
¥ HE-:'MI: H:"M ”‘ﬂ. &ﬂaﬁm _ Frena: IF!”""& ples H g
e ion X . _ .
Bed T — 35"’\% 2o ] H-a‘f'ﬂ ; sgpwdcd*d;w 1
S (NN = o [ Evlh (o0
sl 2oy ' :
S e e LB plels, itadepli
AT -2 'éfmpr ' . R=vo0
EH \\,__’_ﬂ_‘f_} 15or™ }m._w i o '
(Hc“\‘ ;'flj . f{ﬂ_______.—-—--"'_ A as=]
s o A : :
g lobs ——— -
"2 : ’49'; 2r U(R) .P .
2 - r . - _ 1  Rucleantern
Note: Only - t‘. ».\\ i 117 '-"—'VMN .
Y Y electron terms, R A P B
need to add n-n T f_ - ------
repulsion for ' lechond <
'J"H- +FI5} p ) - /qg; 4—:ﬁi‘w‘:—
~qu&_1' | bonding energy | .
=1 -2 { | | [ /0 [ateric units)
= U 2 3 4 5 6 7 gure 9.6
& {otomic uniis} rves), and Re equllbrlum
Figure 9.2 Several lowest electronic energy levels of H asa function of internuclegr bond length

distance, (Adapted from L C Slater, Quarn
; LC. 3 wn Theory of Molecules and Solids,
Volume |, McGraw-Hill Book Company, New York, 1963, By peErmission.) ‘
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Figure ®.3  Mormalized wave fusctions for the laj and lo. siates of H7, along the

[e] @22 Alermuckar avis, for vasiows imtermuclear separations {Adapied from Slater, By
Ferimassion s Frg 51

LCAO-MO Linear Combination of Atomic Orbitals

MO theory-- Simpler more transparent method
AQO’s — form a basis—

i.e. describe all the functions possible for e
For molecule need MO —

orbital (1e") delocalize over 1 ion several nuclei
Form linear combination AO’s = LCAO-MO

Build up e-density

So if lowest E AO’s for H,"

are 1s
Then Op ~ (1SA) + (135)
c* ~ (1spa) — (1sg)

Continue on this track: ao ﬁ@: a

more electrons — just put 2 in

i i Decrease
each MO (opposite spin) density
H,'—> (op)' — weakbond  (1/2) | ()=
H, — (op)° — strongly bound (1) [ bond order

B.O. = (#e-bond - #e-antibond)/2
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He," - (op) (c*)'  — weaker (1/2)
He; — (op)* (6*)° — nobond (0)
[(number), — (number)*]/2

Can continue to 2nd row in same manner
(2sa) + (2sp) }—) o, discriminate by 2oy, 26*
(2sp) — (2sg) — o  or op(2s), c*(2s)

(2p,)a + (2p,)8) — op mMolec. axis — z ‘-"ﬂ
(2p2)a — (2p,) [ o symm. aboutz —» o COID.6

(2pxy)a + (2px,y)B} — nb{Z possibilities x or y
- ¥

(2px.y)a — (2Px.y)B degenerate, weaker overlap

il g damai | ilferance
betwee nveled (’MO ano)
| :

2ea, eebitel Large (node) Totol eiason Binsing
IGURE 22.10 Cantowd m fﬂn:!mn-d I'H|I.‘|-' imdividual orblials and of total
whection density Fa l.i;,he Adjacant oo Irndmun flcun:ﬂ?.
The outsrmos cufour i an alagiron dﬂ"ll‘l\" of L'|2 10719 glecirons pay=?
internecksar dist & the manial value 2872 pm. [A C. Wahl, s..mn- 1'5
881 (1968), C p',fg |9|§Swh.ﬂ o= J’\- pedation for the Adwancement af
Science 1
lllllllll 5 Log
1] J &
e s o e ez e | Combination of 1s orbitals
dansity & deawa 6n a4 mnul axis, in one cask In-ur =a I nd this @ h- case o 8
logarithmic scale, [} E rhr Hlerenci pinl. Hm she :l:: o daegity of the twe B

o has been subin ruduﬂ Iclr dmlr Thesa plats thersdor nww*m!

et et | — Hp 1s based o, 6

of Macmillan Publishing {:u |1¢ from m'nhfmd.ﬂ’b wmmurauywnrhr.i.ﬁ.m- i
and P, H. O oiﬂa Macmillan Pub lishing Con, Ine.]

D ~ | Compare to 2s -- Li, o, c*
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Representations
of bonding and
anti-bonding,

| o and o*
molecular orbitals
Learn: recognize,
Interpret shapes

=
=
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FIGURE 228 Formation of melecular eobitaly by lingar combinaiion of aemic . !
cilitels [MO-LCADY, The + and — signs indicsts the signa (phase) of the orbitals, @ e [ 0 T [
i, thi ena-aleciron winvefunslions,

i
wecwar region Separaled slom, 7
*A3 emphasized in Coulon's Pafence (R, McWoeny, Onford Univ, Press, 1979, p, 90), the  Uslled olom, 27 Moeewiar R
atomic orbitals inan MO formed by LOAD have no objective significance. We use (e simply 58
comvenisnt bullding blocks to construct appresimate one-tlectran wavefunetions {orbitals) ﬂ:

FIGURE 2211 Comelation disgrem Tor homenwckear diatomio molscules 16 Bhow
hew maleculsr arblials are made from atomic orbitals of ssparated stoms ard conelste

LCAO-MO Scheme diagram -- Correlation Diagram




IX-64
Put this together again — approx. H as sum of 1-elect h;
Hy = ¥ (-n%2m V2 +V(r)) V() - elect. potential
i=1

part depend on r; only [H—F typical method]

Summed H = product w/f: y = 11 ¢ ()
i=1

o > MO = 1e” wif

Energy is sum of occupied orbital: E = S &
i=1

Typical picture homo nuclear diatomic

s Y <
Aufbau—fill in T e
order of increase o, .-~ __ -7 Wx._ﬁ__ Tz,
energy, 2 elect. e = =T
each MO o T8

dg~— - I~ T =—2as

1s interaction T o—
strong H,,
weak for 2nd row . &F

This ordering changes as cross periodic table
interaction of 2s o and 2p ¢ causes a shift
— see handout (next page)

early in series — AO--less s-p separation, MO--nt, < G},
later — more shielding— AO - s-p separate, MO - ¢, < 7,
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Express as configuration — 2e” each o, 4e each

(1o)° (16*) (20b)° (26*) (3o ")’ (1mp)* (17*)* (30*)?
3rd row series — same idea — these will be shrunk

MO diagrams (LCAQO approach)
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Homonuclear Diatomics
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De | Re | bond Configuration Grd
Molc | (eV) | (A) | order (lowest energy) term Comment
Hy' 12.78|1.06 | 1/2 | (o4’ DI
Hy [4.76]0.74| 1 |(c4") Y
round state
He; | — | — | 0 |(0g") (cu") P gnbound
: weak
Lip | 1.1 1267 1 |(04") (0u")? (65°°) D ground state
Be; | - | — | 0 |[KK]*0g®)(c,*®) 'Y | unbound
s s s 2 possible
KK(542°)?(0,°%)(n,*%)? . .
B, | 29 | 1.6 | 1 |alt KK(o, 2P (0.7 | 3, | configurations
2571, Zpy1 paramagnetic
(™) (6™) ground state
Co | 6.4 [1.24| 2 |KK (og) (o0 ) (mu)* Y
N, | 10 |1.12] 3 |KKog® o, 1, (657) | 'Y4 |strongest bond
0 4w 4 2 paramagnetic
0, | 52 [121] 2 |KKog o™ miog 35 | relative stability
(mg") of 64°° and n,*”
KK 64° 6,*° 64”1, 1
F, | 1.6 |1.42] 1 w4 [ *\0 2g
(1g™)" (ou™)
KK 64° 6,** 64° m,” 1
Ne, | --- - 0 b D WD Yg | unbound
TCU Gu
Note: a) “bond order” reflected in Dg, Re trends

b) He,,Be,,Ne, all possible as excited states

(bound) — e.g. He,* — (6,)°(6,%)'(64°°)" — partial

c) More than half-fill less well bound yet shorter

bond than less than half-fill for same bond order

d) Open shells have more than one possible term

(*>"'A, where A=3m) (I1,Y) = 'Ay, %%y, '3,



