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« Lewis electron-dot structures

« Bond lengths, energies and AH
(back to pp. 615-622, much of this in Chem 1C)

+ Valence State Electron-Pair Repulsion (VSPER)

» Polarity of polyatomic molecules (p 600-606)

filling of ns2np® uses atomic orbitals of similar
energy to form covalent bond

(note H requires only 2 electrons)

+ Sum the valence electrons from all atoms. Do not worry
about keeping track of which electrons come from
which atoms. It is the total number of electrons that is
important.

*» Use a pair of electrons to form a bond between each
pair of bound atoms.

« Arrange the remaining electrons to satisfy the duet rule
for hydrogen and the octet rule for the second (and
higher) row atoms.

Gene’s pathetic method:

* use atomic Lewis valence electron diagrams
(LVEDs)

* mess around to get octet structures

140 | 282 AA(13) | 4A(12) | SA15) | BALIE) | TATT) | BA(1E)
ns! | st ns¥ng! | ns?np? ne?np?| nsTnp | ne?np®| nstnpt
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1A[1) | 2AL2) AA(13) | 4A[14) SALIS) | BALTE) | TA(IT) | BA{18)

|t g natrp? | nenp?| retng | nsdng nsrgh|
o z|*LU |+Be- cBe|ege|oNe|t0]sFe|iNe:
3|*Na |-Mg- *Al=|+S8i-|-P~-|i8-|iC13|2Ar:

= H atom shares 1 pair of e’s (peripheral or ‘terminal’ atom)
= C atom shares 4 pairs of e’s
= N atom shares 3 pairs of €’s and has 1 non-bonding pair of e’s

= O atom shares 2 pairs of e’s and has 2 non-bonding pairs of €’s
sometimes O~ sharing 1 pair of e's and 3 non-bonding pairs

= F atom shares 1 pair of €’s and has 3 non-bonding pairs of e’s
(peripheral or ‘terminal’ atom)

= similar for period 3 atoms
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» Example 13.6e (p. 625) CF, Multiple bonds
* NHy,™
If, after step sharing single pairs of electrons a
+ CH30H central atom still does not have an octet, make
a multiple bond by changing a lone pair from
» C,HgO (structural isomers) one of the surrounding atoms into a bonding
(CH30CH,) pair to the central atom.
(CH;CH,0H)
7 8
= PRACTICE PRACTICE PRACTICE
o
il
+ CoHy
+ CoH,
+ COF,
9
— = HW#4-hints
T T T T T - Resonance Structures
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- Formal Charoe

(Pp 626-627, &631-634)

S0 G

BPUOOO




Chemistry 1B Fall 2016
Lectures 10-11-12

5. Tobecome facile with drawing Lewis structures you must

H e

= PRACTICE PRACTICE PRACTICE

N BT (0 I DY (P e | e
13
worksheet VI 11.1-2
RESONANCE STRUCTURES
[rT——
1 A resonanc sructures of s moiecue have entica schaometric frmules, # omar
uctures of  masecute havs entcal ICHOmETC ormutar. WM i the istcton
)
1. What asparmentaty messured property wouid ditigush Setwaen Cut, auting & 3
minture
HOMEWORK
:
15

and worksheet VI 111.1-5

FORMAL CHARGE

L. Formal charge.
L. Formai is concept

1 st “sarips” off the.

charged valence slectrons to the various stoms..

2. Forthy tarting tothe
formal charge on the atom:
L8 S .
oW v n

WP
3. The negative charges ‘valence’ siecirans are then distributed amang the atoms with the.
following conventions:

absorbs sun’s harmful
ultra-violet radiation

Stratosphone

Troposphers

produced by
photochemical smog:

oxidizes materials like

lungs and tires

Ozone in the stratosphere protects Earth bt in
tive tropasphens, it ks Rarful
UCARIZO0]

4 of making 3
contribution of - __ to that aton's formal charge
L. For each pair of slertrons by twa atoms, the assignment s
making » contribution of ~__ to each atoms formal
eharge
i, The sum rothe o
the maecuie or mojecufar ion
5. “equivalent” . the resuiting
twa Lewis
00 structure: ‘
P the Lewis siructures that strongly)
HOMEWORK e
iy
.
16
P e

triangular ?7?,
however, not the most

. ‘stable’ structure of O3
more later

[
® ®
-0,..0:
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if this structure ? why not this structure too ?
equivalent Lewis structures

(not isomers)
20

/.O'\O what do these structures imply? _ﬁ

TR
*

two different O-O bond lengths

longer single bond: *® shorter double bond:

~143 pm (102 m) ~123 pm (102 m)

* resonance structures (forms) more than one possible
electronic structure (not isomers)
e.g. O3 (ozone)

* how does the actual structure of Oj reflect the two
resonance structures or resonance hybrids 77

22
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ariginal ariculaton
oY) Sienko, M. J. and Plane, R. A
// \ 77?7 \ Chemistry Toronto: McGraw-Hill,
1964 p 94
O O ™0y

L

23

purple mule

Purple mule
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* resonance structures (forms) are more than one
possible electronic structure (not isomers)
e.g. O3 (ozone)

« actual structure is average (hybrid) of possible
resonance structures

25

:
y 5

octet, 18 valence e’s

triangular cyclic Oy
The Story of O e 2
Roald Hoffmann g} Sientist "‘M T
The Ring

So now we have oxygen chemistry in the atmosphere, in the cell,
in a decontamination process. But have we exhausted all of oxygen's secrets?
htp: -of-0/5 This Article from Issue January-February 2004

60° bond angles are “strained” (unstable);
[discuss later in term (quantum mechanics)]

2 S Bl _ O,
\A ' oo o/ \9} =0%mk\0

o iy Ll

Indeed, the best calculations today confirm the metastability of this ring.
Cyclic ozone lies about 130 kilojoules per mole above normal O, but
has a barrier of no less than 95 kilojoules per mole preventing l
conversion to the open form.

27

+ [COz 1> =

+ CgHg (in class)

28

Formal charge is a way of associating electrons in a
molecule with the various atoms thus allowing one to
calculate the (approximate) net charge on the atom.

29

Conceptual steps:

1. remove each atom’s valence electrons leaving a residual
positive ‘core’ charge on the atom;
e.g. H*, N*5 O* etc

2. the total negative charge assigned to each atom arises
from:
a. electrons in a each covalent bond are divided
equally between the atoms forming the bond
b. electrons in non-bonding pairs are assigned to the
atom on which they reside

3. the sum of formal charges must equal the total charge on
the atom or ion

30
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positive core charge
A

[ 1
formal charge = *+ # of valence electrons (in neutral atom)

. — # of nonbonding electrons
negative charge

from electrons

d to at .
assignedtoatom |- 1/ # of bonding electrons

» formal charge = # of valence electrons (in neutral atom)
— # of nonbonding electrons
— % # of bonding electrons

Chem 1A

_ - - nr
« oxidation number = vglen@e Electrons
- Znonbonding electrons
- - , )
- — ‘assigned’ bonding electronst

-

T bonding electrons ‘assigned’ to more electronegative atom in
bond

32

31
« for non-equivalent resonance forms, the
resonance form is preferable (makes a
greater contribution to the average
resonance hybrid) if it has:
« small formal charges
« like charges NOT on adjacent atoms
« negative formal charges reside on more
electronegative atoms
« example : phosgene COCl,
33
octet structures:
-1 . 0 -8,
:0: 101 08
l 0 ¢l ‘[ N
o Neo o o 0 \:cr
+1 :ClIf HelH el Ch I 1
I |
Formal Charge:
0= +6-6-% (2)=-1 0= +6-4-%; (4)= 0 0= -1
C= +4-0-% (8)= 0 C= +4-0-% (8)= 0 c= 0
Cl= +7-4-Y; (4)=+1 Cl= *7-6-%(2)= 0 c= 0
Cl=+7-6-% (2)= 0 Cl= +7-6-% (2)= 0 Cl=+1
+1 on Cl unfavorable +1 on Cl unfavorable

11 structure with greatest contribution

I and III minor contributions 35

36
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Zumdahl Table 2.5 and 13.5, Silberberg figure 9.3

TABLE 13,3 Comemon ko with Hoble G fiectun Conbguratiom

KNOW:

o i NH,*, NOy", SO,2-HSQ,"
i ke CN', OH:, POAS'
o oy HCOy, C,H30,", MnO,-

see additional video06a

EXPLAINED BY QUANTUM MECHANICS

« electron deficient atoms: Be, B
« examples BeH, and BF;
« quantum mechanics explains

* Free radicals
« odd number of electrons
« example CH,
« quantum mechanics explains
* 10, 12, 14, 16 electron shells for larger atoms with
low-lying d-orbitals
« structures with ‘expanded’ shells often have preferable formal
charges
« examples PClg, H,SO,, [SO4%, XeO,

39

hew any man sers
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>
CHEMISTRY 1B-AL FALL 2016
HANDOUTS

HANDOUT

look at this
for VESPER

42
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« the properties (e.g. bond length and bond energy) of localized
bonds of a given type are ‘somewhat’ transferable from molecule
to molecule

« one can approximately calculate the relative ‘energy’ (enthalpy)
of a substance by adding the bond energies of its constituent
bonds

« since bond energies vary somewhat from compound to
compound, we tabulate average bond energies

43

ARE responsible for
For a given type of covalent bonding (single, double, triple) atomic
covalent radius determines bondlength (figure Silberberg 9.13) mmb
For a given type of atoms the bondlength will be

(single) > (double) > (triple) (Table 13.7) wmb

Bond energies (strengths) will follow the trend
(triple) > (double) > (single) (Table 13.7) m=b

Bond order single b.o.=1, double b.0.=2, triple b.o. =3 (more in
chapter 14)

44

NOT responsible for.

AH

Ha(9) + Fx(9) 2HF(9)

breaking bonds forming bonds
-2 BE HF
.
BEH, EXOTHERMIC
+*BEF,

ENDOTHERMIC
2H(g) + 2F(9)

AH = BE (H,) +BE(F,)-2BE(HF)

reaction

AH,action = +Z BE (bonds broken)
- X BE (bonds formed) 4

47

albert, my degr marie, +
tell me, my secret is that | go to
how is it that you do so Ana’s sections
well on your CHEM 1B-02 , .
Y and Joselyn’s LSS tutorials

and use staff OFFICE HOURS.

Albert Einstein 48

Marie Curie
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Valence State Electron-Pair Repulsion (VSPER)

“classical” (electrostatic) theory of
molecular geometry

49

wranslation of book review of JH. van't Hoff's 1874 Surles formules de
structure dans 'espace
by Kolbe in 1877

“Not long ago | expressed the view that the lack of general education
and of tHerough training in chemistry of quite a few professors of
chemistry was one of the causes of the detericration of chemical re-
search in Germany. .. Will anyone to whom my worries may seem
exaggerated please read, if he can, a recent memair by Herr van't
Hoff on Tie Arrangement of Afoms in Space.a document crammed
to the hilt with outpourings of childish fantasy. This Dr. JH. van't
Hoff, employed by the Veterinary College at Utreche, has, so it
seems, not taste for accurate chemical research. He finds it more con-
wvenient to rmount his Pegasus (evidently taken from the stables of the
Veterinary Callege) and to announce how, on his daring fight to
Mount Parnassus, he saw atoms arranged in space.”

50

HIV-protease complex
-—

enzyme + sugar

51

@ The Nobel Prize in Chemistry 1201

Jacabus Henricus van 't Haff
the Netherlands

Barlin University
Berhn, Germany
boansz
41911

52

ELECTRON GROUPS (non-bonding electron-pairs and
covalent electron-pairs) are electron dense regions in a
molecule

these ELECTRON GROUPS will arrange themselves in
space around a central atom to minimize their mutual
electrostatic repulsion

this minimum repulsion configuration determines the
ELECTRONIC GEOMETRY

the arrangement of the covalent pair regions determines
MOLECULAR GEOMETRY

53

« An electron group (electron dense region) can be:
— lone pair
— single bond
— multiple bond (counts as only as 1 electron group)

« The number of electron groups around the central
atom is the steric number (SN)

54
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« NH; SN=4

i BP9
-] -] )
m=>
e \(II Tube
o P
I ot
- WWW Links Ch. 13
/ . VSEPR -
3
e oy
56
[from Handout #17] ,I-I-h“;‘:ﬁ,
N M e | Ve N
[t
Class Shape
Q o O Linear
Cl-------Bg-------Cl Examples: 8., HCH, BaF,
BeCl, (p. 628)
fig Silb 10.3
BeCl, = 8

+ BeH, SN=2
* C2H4 SN=3
*+ CHy, SN=2
55
SN=2 SN=3 SN=4
linear trigonal planar tetrahedral
Tetrahedral
SN=5 SN=6
trigonal bipyramidal octahedral
Trigoral byramicl
SN= number of electron groups 57
examples: BF; SO, TRIGCRAL PLARAR BF, =
[from Handou(#ﬂ]__ R
s e ke dage r-»-r"i
| O
| {
|
| s ) Y 80y, BF, |
| |
rigona planas F
LY L. |
s PN
g F F
sl
Zumdahl
p. 637
59

non-bonding (lone) pair
v

S0, =

electronic geometry
trigonal planar

S0, =
geometry
bent, angular, V-shaped
60

10



Chemistry 1B Fall 2016
Lectures 10-11-12

=

examples [SO,J~ NH;  H,0

uarsber of
on: puimy

Mokerular shage

| .4
. :
1 NH,, FF, | ro—= 1 =
= P 1 9 9
i ,X- - S
|| e | O
]I,(’;rli.)- | —— 1 A

[from Handout #17]

61

| S

NH, =

H,0 =

1LP 2LP
(molecular) geometry (molecular) geometry
trigonal pyramidal angular, bent, V-shaped 62

*NH3 (H-N-H 107.3°)

*H,0 (H-O-H 104.5°)
bndes . H)S (H-S-H 92°)

lone pair e’s

H i: IH H | H hY #
» " e <109

<109.5°
figure 13.19

understand using gm ch 14

> 1005 l‘\ '{\‘:‘/ ').> 109.5°

50

63

[from Handout #17] e —

-—+.‘ rr; =
* Sr, =
._b - CIF, =

= XeF, =

e 1 64

[from Handout #17]

[ Nember of =" .
[ Ymbeol cideps e -

Xel, 0]

Cd r% SF, =
IF,. eF, "%‘ BI‘E; =

65

DON'T FRET
Coordination Chemistry Reviews 252 (2008) 1315-1327

The other type of molecule in which a lone-pair
appears to have no effect on the geometry is AXGE
molecules such as BrF- and SbClg*~ which are
octahedral although their Lewis structures have
seven electron pairs in the valence shell of the
central atom.

[BrFel

L% octahedral

XeFg ('F/ |

distorted distorted octahedral
octahedral angles <80° because

of the lone pair

| 66

11
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7\ e 1—£-Scn emon = Polar Molecules
: Dipole Moments
anol
Molecular Geometry
(Pp e00-608)

red regions are electron rich and blue regions are electron poor

69 70

. = official formula for dipole moment VECTOR
: ; Q dipole moment 4 3
D o N A=Y Q,R, }don'tfreton this
® c Jiis large, molecules
off a U aligned by electric field
random L]
™ +— * Are there polar bonds (bond
e dipoles)?
1 @E [ is zero,molecules NOT
@ @ aligned by electric field
on °g * Do the bond dipoles (vectors )
alligned ..)‘ . .
e cancel-out or reinforce in the
P degree of alignment is affected by polarity polyatomic molecule?
of bond (magnitude of dipole moment)
7 72

12
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*H,O wm
+CO, =
-cCl,
«CHCI,

Molecular Geometry, Bond Dipoles, and Net Dipole
http://chemtube3d.com/ElectrostaticSurfacesPolar.html

=
73

FINISHED Por NOW 1!

%

[ ]
3
4
—
O
S
n
>
>

END OF CHAPTER 13

75

oaa, LA EN (table 13.2)
cl nada
= _]_| + ) H 2.20
X L3 ;= bond dipoles cancel C 255
CI/>\ ol no dipole moment cl 3.16
o Cla' non-polar molecule (fig. 13.327)

bond dipoles reinforce
dipole moment
polar molecule

7

74
y ""l_l.\
. -
L. @ =
W
& ’/
dipole
L moment
3 (vectors) cancel 4
-t > 3 [
; ., ho dipole :
i """ moment 2 s=n
76
MAY

TABLE 3.4
Types of Mokscskes with Polar Bonds but No Resuling Dipole Moment

Cancell
od Pala

Exanmple Ball-and-Stick Model

© 98

Wi b i =

13
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2 lone-pairs

)
© %
. @

T-shaped molecular geometry
L]

3 lone-pairs

linear molecular geometry

Ko

& (7 J— (0] &)  square planar
~ - . Q molecular geometry

TABLE 13.7 Bond Lengths for Selecied Bonds

Bond Bond Type Bond Length (A) Bond Energy (k}mol}
Single 1.54 347
Double 1.34 614
Iriple 120 839
Sing| 358
Double 1.23 745
Smgle 143 305
Double 1.38 615
Triple 1.16 891

Gasucghton Wffin Company. 48 ngnty

TABLE 13.7 Bond Lengths for Selecied Bonds

Bond Bond Length (A) Bond Energy (k}mol}
1.54
1.34
1.20
143
123
Single 1.43
Double 1.38
Triple 1.16

Eughton M Company . Al nghts mvervrd

&=
82
TABLE 13.6  Average Bond Energies (ki/mol)
Single Bonds Multiple Bonds
391 -1 149 614
160 1-Cl 208 839
272 1—Br 175 495
200 745
243 1072
20 607
467 418
146 941
190 615
203 891
234
154
_( 1—Cl 239
CI—FBr Pty
Br—Br 193
C=0 (€O = 799
4=n
84

14



Chemistry 1B Fall 2016
Lectures 10-11-12

HIV protease inhibitor Ritonavir binding to the protease

http://molvis.sdsc.edu/pe1.982/atlas/atlas.htm

By ——

KNOW:

NH4*, NO3", SO,Z-H8Q,,
CN-, OH-, PO43’

HCOy", CoH30,", MnO,-

I86

The Story of O e

Roaia Hofimern @ Scientist o |

The Ring

So now we have oxygen chemistry in the atmosphere, in the cell, in a decontamination
process. But have we exhausted all of oxygen's secrets?

http://wwy i ienti i tory-of-0/5

60° bond angles are “strained” (unstable);
[discuss later in term (quantum mechanics)]

Indeed, the best calculations today confirm the metastability of this ring.
Cyclic ozone lies about 130 kilojoules per mole above normal O, but
has a barrier of no less than 95 kilojoules per mole preventing
conversion to the open form.

87

HW-hints

20.  Zumdahl #13.15
30,  Zumdahi #13.26
31, Zumdahi #13.32
32 Zumdahl #13.33
33 Zumdahi #1341
34, Zumdahl #1342
35 Zumdahi #1357

Section

Chemistry 1B-AL
Homework #4  (#29-#35, 58)

quired (submit via WebAssign)

electronegativity

configurations of stable ions (part c: configurations)
LE

common valences (oxidation states) empirical fmlas
LE

LE
octet Lewis Electron Dots (Marvin Sketch)

e ey errers
v g

89

S8. Zumdahl #13.3 E
88
36, Zumdahl #1354 (a) resonance structures -t
37.  Zumdahl #1357 resonance structures
38. Zumdanhl #13.71(a, d,andf) formal charge (octet)
39, Zumdahl #13.72 (for 13.71a.41) formal charge (non octet)
90

15
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Lewis Formal Charge: %
e ) =
|!
N " -

067 -067
S and el density distribution of the nitrate ion
T lecule upon protonation
Actual and urea molecule upon p
(calculated by quantum mechanics) 044 -
O e e, D o - <o
s N -+032

Theoretica 20 g 1

Chimica Acta +0/ .C

© Springer-Verlag 1992 -0.44 -0.44
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