Chem 111

Lecture 32




Announcement

« Exam 3: Dec. 6% in class
—>Same deal as before
- No Makeups
- Pyramid
- Bring pencils, calculator, ID card and a good erasers

* Practice Exam:
http://courses.umass.edu/chem111-bbotch/

* Breanne has a recitation session HASA 126 — 12/1 (5-6pm)



Homework
 Finish Reading Chapter 8

 Owl Homework
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Bond Order

Bond order - is the number of bonding electron pairs
shared by two atoms.

Tentative way (using Lewis structures)-
Bond order = 1_= single bond =
Bond order = 2_2 double bond

Bond order = 3 - triple bond ¢ O
number of shared patrs inallX — Y bonds

Bond Order = . , .
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Bond Length O O

Single Bond > Double Bond >Triple Bond CD

/
R

Bond length is related to the atoms involved in the bond.

TABLE 8.8 Some Average Single- and Multiple-Bond Lengths in Picometers (pm)*

Single Bond Lengths O O

Group
1A 4A 5A 6A 7A 4A 5A 6A 7A 7A 7A

H C N 0 F Si P S cl Br I %

m*u:._.g*ﬂc:.zrﬁ':r:

(7'_4. l_iﬁ 98 2_ 92 145 138 132 127 142 161
154 147 143 141 194 187 181 176 191 210
140 136 134 187 180 174 169 184 203 O
132 130 183 176 170 165 180 199
128 181 174 168 163 178 197
234 227 221 216 231 250
220 214 209 224 243
208 203 218 237
cl 200 213 232
Br 228 247

I 266
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Bond Dissociation Enthalpy ©
H;C-CH, (9) 2 H3C- (9) + H;C-(9) AH= +386 kd/mol
H,C=CH, (g) = H,C: (g) +H,C:(g) AH=+682kJ/mol a
HC=CH (g) > HC: (g) + HC: (g) AH= +962 kJ/mol g

P
Single Bond < Double Bond <Triple Bond NN
N=N
TABLE 8.9 Some Average Bond Dissociation Enthalpies (kJ/mol)* N: M
Single Bonds

C N 0 F Si P S cl Br I
H 413 391 463 565 328 322 347 432 366 299 Multiple Bonds
C 346 305 358 485 - - 272 339 285 213 N=N 418 (=C 610
N H ,H = 13 201 283 - - - 192 - — N=N 945 (=c 835
0 146 - 452 335 = 218 201 201 C=N 615 (=0 745
F —IBVM 155 565 490 284 253 249 278 (=N 887 (=0 1046
Si 222 - 293 381 310 234 0=0(in0;) 498
P 201 — 326 - 184
S 226 255 — =

5 Bond LWC(\'Q/}%OV\& eHul:,



Bond Dissociation Enthalpy
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Orbital Overlap

Lewis Structures and VSEPR doesn’t get everything “correct”.

Quantum Mechanics — valence-bond theory

 Lewis Structures — bonds happen when atoms share
electrons

* VB Theory - electron density builds up between two nuclei
when valence atomic orbitals merge with each other.

* This merger (or mixing) results in the orbitals occupying the
same space called an overlap.

* Overlap — allows electrons of opposite spin to share the
common space between the nuclei forming a bond.

11



Orbital Overlap

@ Brooks/Cole, Cengage Learning

Significant overlap:
repulsion

Some overlap:
some attraction

No overlap:
no attraction
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Hybridization
Consider BeF,

F (1s22s%2p°) — so p orbital bﬁ@

What about B (1s22s2)? L4 LI
15 2s 2p

Answer is hybridization — the process of mixing two or more
atomic orbitals on an atom.

M1 >0 ee @ g [

5 orbital porbital - :
sp hybrid orbitals shown together
1 &5 ES Ep (large lobas only) 1 &5 S,ﬂ

Two sp hybrid orbitals

Large lobe of sp hybrid orbital

N |
F 2p orbital Overlap region F 2p orbital

20
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sp? Hybridization

# atomic orbitals = # hybrid orbitals

Consider BF;
pl‘"ﬂl’l‘lﬂtﬂ h'f,l'bl'ldIEE.‘ One s orbital
K — ] 1] @ &-@ ] Hvidze
25 2p 25  2p sp¢ 2p
Two p orbitals

. gp2 hybrid orbitals

shown together

(large lobes only)

‘.

-
“ Three sp2
hybrid orbitals
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sp? and sp? Hybridization

# atomic orbitals = # hybrid orbitals

Consider CH,

hybridize

[

FJI“IDI'I'I'DIE
(YRR —| 111 ]—
25  2p 25 2p
z z z
& +— @ ‘ :
y & v +%r+
X X X
5 | Bx Py
. Hybridize to form four sp3 hybrid orbitals
sp3 + +

+
sp3 L gp3

Shown together {Iarge lobes only)

-

¢ -

SPS ‘\1{395

Sps*%e o

sp3

Lewis structure

Lewis structure

N atom lone pair uses

sp® hybrid orbital. \ X

N """ 7 fH
o
\H

Electron-pair geometry

0 atom lone pairs use

sp? hybrid orbitals. \'.'

Electron-pair geometry

N—H bond is formed
from overlap of N atom
sp® hybrid orbital and
H atom 1s orbital.

10755

Molecular model

0—H bond is formed
from overlap of 0 atom
sp* hybrid orbital and
H atom 1s orbital.

104.5°

Molecular model
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Hybridization

Two electron pairs

e @9 —

Linear

Three electron pairs
o “s
[]
e 0

Four electron pairs
sp?

Five electron pairs
spd

Six electron pairs
spid?

Z Brooks/Cole, Cengage Leamning

D

]

Trigenal-planar

Tetrahedral

Trigonal-bipyramidal

Example
180"

BeCl,

BF,
FLM.E“
CH,

Octahedral

Sk,

Atomic Hybrid
Orbital St Orbital Set Geometry Examples
1807
5P Two sp a BeF:, HeCl:
Linear
2
50.P Threesp BE,50:
kd
SPP Foursy CH,, INH:, H:O
Te;crahedral
=0l
spopd  Fivespd ' PFs, SR, BiE
1200
Trigonal
bipey ram idal
%
spppdd  Seispd : SE., CIR, XeF.,
| a0°
Dictahedral
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Summary for Hybridization

1. Draw the Lewis structure for the molecule or ion
2. Determine the electron-pair geometry using VSEPR

model.
3. Specify the hybrid orbitals needed to accommodate the

electron pairs based on their geometrical arrangement.
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Let’s Practice

Indicate the hybridization of orbitals employed by the central
atom in each of the following: NH,~ and SF.
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Multiple Bonds

Internuclear Axis - Line connecting the nuclei of two
bonded atoms

Sigma (o) bond — is a covalent bond in which the overlap
region lies along the internuclear axis.

Overlap region

Pi (r) bonds — is a covalent bond in which the overlap
regions lie above and below the internuclear axis.

7bond

Internuclear
axis

AN

pp
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Multiple Bonds

promote hybridize , )
T | — [ — 7 H‘
2s  2p 2s 2p s 2p H H)
2
: : H

W 6 H two Ipbes of
one xbond

HH

Double bond =1 o bond and 1 = bond

Triple bond =1 o bond and 2 © bond

nbond usually happen with unhybridized p orbitals, therefore sp and sp?
hybridization.

nUsually C, O, N, and & 20



Cis-Trans Isomers

Isomers — are compounds that have the same formula but
different structures.

cis-1,2-dichloroethylene trans-1,2-dichloroethylene

Brooks/Cole, Cengage Leaming
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