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Electrons Shared Equally?)
WARM-UP

(Are

| Atom.
: Partial Charge on an
Model 1 ctrons are rarely shared equally, Upje the

two atoms are identical, one of the atometYIi’licla(ﬁﬁghgrsl ggr;(fll_zctt}rlzg'?.tttrﬁxcting
’ lt (0] « (O 1 S alf
ower, or pull, than the other. As a resu . . ' of
ﬁlewtwo eleitrons, one of the atoms has a.remd.ual neﬁatlve(glrlafri,i tlhehother atoy
ends up with a residual positive charge. This re§1dual Cf a}fge rtigl cha charge) op 4,
atom can be determined experimentally; an estimate 19 the pa arge can algg by
calculated. One simple method is given by equation 1:

partial charge on atom "a" = &= Va— Na-paB, , (1)

In a bond between two atoms, ele

where . ot
e V7, is the number of valence electrons in atom "a";
® N, is the number of nonbonding electrons on atom "a" in the Lewis Structure;
® B, is the number of bonding electrons on atom "a" in the Lewis structure;

* paisameasure of the electron pull of atom "a" relative to the pull of the atom
to which it is bonded. The other atom is referred to as atom “b”.

The value of p, must be between zero and one.

We have seen that an atom's electronegativity is a measure of how strongly an
atom attracts its valence electrons in a bond. Consider the HF molecule. The
bonding pair of electrons can be thought of as being in the valence shell of both the
H atom and the F atom. We would expect that the fluorine atom in HF would
attract the bonding pair of electrons more strongly than the hydrogen atom (EN of

F=419and EN of H =2 30). We can estimate not
. . . , th m a
relative to atom "b", as follows: Pa, the electron pull of ato

pa= —2Ne .
EN,+ EN .
For H-F, the electron pull of F relative toH, p_ is
’ F:
pi 4.19
F 4.19+2.30 = 0.646. (3)

The electron pull of g relative to F Py, 1S
b] H, .

2.30

Py = _
1 dloeagy = 034 @)
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Thus, the calculated partial charges on the F atom, Jf, and on the hydrogen atom,
OH, are:

F=7-6- 0.646 x 2

7-6-129 = -0.29 , (%)

OH=1-0- 0354 x 2 1 -0- 071 = 4029 .

(6)
Critical Thinking Questions

1. Equation 5 provides a calculation of the partial charge on the F atom in HF.
a)  Why is there a “7” in equation 5?

b)  Why is there a “6” in equation 5?

c)

Why is there a “2” in equation 5?

2. When two different atoms share electrons, which atom (in terms of
electronegativities) has the partial negative charge?

3. For HF, why is the partial negative charge on the fluorine atom, and why is the

magnitude of the partial charge on fluorine equal to the magnitude of the
partial charge on hydrogen?

4. For any diatomic molecule A-B, what is the following sum: OA + OB?

END OF WARM-UP
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Model 2: The Relationship Between EN and Partial Charge,

sle calculational model for obtaining Partiy,

Equation 1 provides a very simj
tent wity

I 1ation 1 are cons;j
charges. The calculated values for dy and JOF using e}?} ‘t .ated C‘,tlcu].rtl-sm
experimental results for the HF molecule. More sophistica divtialions gy

used to provide even better estimates of the partial charges on atoms in molecy|eg.

Table 1. Partial charges on atoms in selected

molecules.!
Molecule Partial Charge
H Halogen
HF +0.29 ={),29
HCl +0.17 -0.17
HBr +0.09 -0.09
HI -0.01 +0.01

Table 2. Electronegativities for
several elements.
Element Electronegativity
2.30
2.54
3.07
3.61
2:99
4.19
2.87
2,69
2.36

Critical Thinking Questions

5. Note the EN values for H and Cl in Table 2. Why is it reasonable that, as
shown in Table 1, the hydrogen atom has a positive partial charge and the
chlorine atom has a negative partial charge in the HCl molecule?

“FAmMwuozZAay

6. Note the EN values for H, F, and Cl in Table 2, and the partial charges in HF

and HCl in Table 1. Why is it reasonable that the hydrogen atom has a more

positive partial charge in HF than in HCJ?
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able 3. Calculated partig; char )
' Molecule 422 on aloms within 5 molecule or ion
Partiy) Charge
Central Ao Each
Terminal
methane, CHg 20260 -:}t(om
tetrafluoromethane, CF4 0.577 o 1)33
ammonia, NH3 _ 0396 e
nitrogen trifluoride, NF; 0.295 _().();)g
water, H2O -0.383 0.192
dihydrogen sulfide, H,S ~0.097 0.048
ammonium ion, NI—IZr -0.094 0.274
carbonate ion, CO%‘ 0.401 0.800
nitrate iOﬂ, NO§ 0704 -0.568

Critical Thinking Questions

8. Compare the values of the partial charges on the nitrogen atom in ammonia
and on the nitrogen atom in nitrogen trifluoride. Ration
negative aspects of these charges.

9 a)

charge?

¢)  Why is the oxygen atom in H>O more negatively charged than the sulfur

atom in HyS?

Why does the oxygen atom in water have a negative partial charge?

Why does the sulfur atom in dihydrogen sulfide have a negative partial

alize the positive and

T —
T ———
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in Table 1 and conclude ¢
. he data 1n : )
‘;]tetver molecule has the atom V_V“h the i\g}}:e“
h the largest magnitude partig] Chargesl ey

b1}

“] hav ed
10. A student says “I have lool\(\'hiC
comparing two molecules,

" X 1e one wit
electronegativity will be tl olecules in able B Hh £
. 3 r I
Provide an example 0

P air O ) r - |

o d] pair xample demonstrates that Studt:ls
. c Y Yal <x;)

student is not correct.

- Ire
ain how yot .

is wrong.

ini i t atoms, the :
« taining two differen > the magy;,
I1. A student says “For molecules contain _ tuge
of :he partialjizharges s related to the difference in EN of those two atoms,

Is the data in Table 1 consistent with this statement? Proyjq,
answer using one or more grammatically correct sentences anq inclyge

specific examples from Table 1 in your response.

a)

b) Does the data for HoO and H3S in Table 3 support this statement
Provide your answer using one or more grammatically correct sentences
and specifically address the data in Table 3,

12, Use the data in Table 3 to calculate the sy :
i m of I of the
atoms in each of the following: of the partial charges on all 0

a) methane
b) water
¢)  ammonjum jop

d)  carbonate jon
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Comment on the reluli()mhip (1
s if any) betweer |
; 2 1 the charg ‘ DIcC
. um artial che arge on a molecule or 10
and the s of the partial charges on all the atoms in the species

Exercises

1.

)

}El;;im\\f\/}?:t?; tllslez'G,g_'t.'Ulsez equation 1 to calculate the partial charge on Brin
: partial charge on H in HB? Compare the values to those in

Table 1.
The EN of Br is 2.69. Calculate the partial charge on Br in Bra. Does your

answer make sense? Explain.
What is the charge on any atom in a homonuclear diatomic molecule?

3.

4. Ifin the AB molecule 5 = 0.13, what is Jg?

5. a) Write the Lewis structure for CO%‘ .

b) Explain why the partial charge on the oxygen atoms is negative.
c) Explain yvhy your Lewis structure is consistent with the experimental
observation that all three oxygen atoms have the same partial charge.

6. The partial charge on the carbon atom in Cly is —0.853. What is the partial
charge on each iodine atom?

7. The partial charge on the phosphorus atom in the PO,3 ion is +2.52. What is
the partial charge on each oxygen atom?

8. In the chloromethane molecule, CHCI3, the partial charge on the H atom is
+0.16 and the partial charge on each ClI atom is —0.04. What is the partial
charge on the C atom?

9. The ENs of atoms A, B and C are: A =3.0; B = 1.0; C = 2.5. Estimate (without
calculation) the partial charges on A, B, and C in each of the following
molecules. After estimating the partial charges for all of them, calculate the
partial charges assuming that neutral atoms A, B, and C have seven valence
electrons each.

a) A—A b) C-C c) A-B d) A-C
Problem

1. Given the partial charges for H2O given in Table 3, which Qf the following 1s

charge on O in OF2? Explain your reasoning

the best estimate of the partial
without calculating the actual partial charge.
iii) +0.32 iv) +0.44

i) -0.32 ii) -0.44
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Figure 1. Types of covalent bonds.

A nonpolar covalent bond
forms between identical atoms.

A polar covalent bond forms
when there is an electronegativity
difference between the atoms.
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Critica| Thinking Questions

homonuclear > ,
. why do ho \r molecules (H, Cl2, Nj ete) b

ave nonpolar bonds?

,, For HF and HBr, 84 = 0.29 and 0.09, respectively.

a)  Use electronegativities to explain why the partial charge on H in HF is
more positive than the partial charge on H in HBr.

b) Which bond is more polar, the bond in HF or the bond in HBr?
Explain your reasoning.

For each pair of molecules below, indicate which contains the more polar
bond(s) and explain your reasoning.

a) O2 and CO
b) COandCCls

¢) HBrand PCl3
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ent. . . :
molecule) manifests itself in g Meag

- ent, W, 1S a vect ur&ble
t. A dipole momenz K, “LOT quay,
Jetters are used for vector quantities) ity

Model 2: The Dipole Mom .
The polarity of a bond (.Or f;nnf:men
physical quantity called the dg)'oection (bold
that has both magnitude and dif
= d
L itive and one negat;
-ges (one positiv gative) gy .
e two charges ( For a single bond (as in 4 diatgd iy

- qoni f th
Here, ¢ is the magnitude 0 harges.
. sher the two C o,
the distancé {vevtor) bemzsz of the partial charges on the two atoms ang dis the

molecule), ¢ is the mag for HCl is 1.03 D and for HF it ig 18

. t
bond length. The measured dlllp"k-’ ng;:? Debye; 1 D = 334 x 1030 ¢ 1) (4
- - the chemis : ‘ - P
D. (D = debye, after than two atoms, the magnitude and.or}entgtlon Of the
molecules with more tha idering the overall distribution Ofpartm

molecule’s dipole moment results from cons
charges in the molecule.

: ; nted by a vector; a plus sign is used t,

In general, the dipole moment 1s T€prese :
repre;left the center (ff positive charge and the arrOWf tlpﬁ?ri_sl‘éllts ;2?1 ielnter of
negative charge. Bond dipoles and dipole moments Ior : , 20 are

shown in Figures 2 and 3.

Figure 2.  Bond dipoles and dipole moments for HF and HCI.

i ter of 6- ch
center of &+ charge - center of o charge
Sk located on F atom

located on H atom

molecular dipole

dipole moment =1.82 D

molecular dipole

dipole moment = 1.08 D
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Figure 3. Bond dipoles and dipole moment for H20

center of - charge
located on O atom

o ;
5+ H/ \H 5+ /\( / O\H 1

H

ial charges i
partia g bond dipoles T dipole moment = 1.85 D

center of o+ charge
located midway between
the two H atoms

Table 2. Experimental dipole moments for selected molecules.

Molecule Geometry Polar Bonds  Dipole Moment (D)
H»> linear No 0
HF linear Yes 1.82
HCI linear Yes 1.08
HBr linear Yes 0.83
HI linear Yes 0.45
COy linear Yes 0
OCS linear Yes 0.715
CHy4 tetrahedral Yes 0
CH;Cl tetrahedral Yes 1.892
CH;3Br tetrahedral Yes 1.822
CH3l tetrahedral Yes 1.62
CF4 tetrahedral Yes 0

Critical Thinking Questions
4. How was the center of positive charge for the HyO molecule, Figure 3,
determined?

5. The CO, molecule is linear (OCO) and has polar bonds.

a) Where is the center of positive charge?
b) Where is the center of negative charge?
¢) Why is the dipole moment for this molecule equal to zero?
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) X ) 1 ICCUICS are t car
b j .O O( O) “l](l OC S ’ ]() ’ ] ) l '
(.O!(d()cs (n()l h‘t\'C d dip()lc nl()mCHt (t}]tlt 1S, the dlpO € moment 1S

. .
does OCS have a dipole moment:

7. Consider the CClg molecule.

Olar

Onds

Zero)- Wh
¥

a)
. "
b)  Where is the center of positive charge’
, G
¢)  Where is the center of negative charge’
(’
d)  Why is the dipole moment zero for CCly?

8. Referring to equation 1, which has the larger dipole moment in each of the
following cases?

+1 =] +1 |
5 O==p o 3
- - i
d d,
A _ +0.5 0.5
» O—0 & &
M
d, d,

9. Consider HF and HCI:

a)  Which is the bigger atom, F or CJ?

b)  Which has the longer bond length, d, HF or HCI?

¢)  Which has the greater partial charge—F in HF or Cl in HCI? (Hint:
which is more electronegative—F o Cl?)

d)

. % ()
Is each of the C—Cl bonds in CCly polar?
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BaSCd on the dipole moments for H F, HC1, HBr. and HI in Table 2. which 1s

i rtant in the determinati
more 1impo rmination of a dipol
. ativs sty € mo _—
(dlstance) or the electronegativity difference? Explain ‘yf::::l; the ‘bond length
Sl el easoning.

Exercises
1. Classify each of the following bonds as nonpolar or polar.

C-H in CH4 ; O-H in H2O ; Si—Clin SiCls ; C-H in benzene (CeHs);
N_O in NO3 ; H-Sin HS

r
. H—N—C—C—0—H
C-Om | I o
H 0O
coin 0=C=Q

2. Provide an example of a molecule having polar covalent bonds that are more
polar than the bonds in NH3.

3. Use the vector notation (see Figure 2 above) to designate the dipole moments
oft CO; HI ; CIF.

4. Write the Lewis structure for NO3. Explain why the dipole moment is ?ero.
(Hint: where does the center of negative charge have to be such that the dipole
moment is zero?)
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>llowing molecules (0r ions) as nonpolar (diDOIe

5. Classify each of the fc 1)
= 0) or polar (dipole momen . . '
Hint: it is generally a good idea to determine the shape of the Molecyje

2-
Oy; Iy; CO;HO; COj3

6. Which molecule (or ion) of each pair has a dipole moment of zerg?
a) N>orNO b) CHsorCH3Cl ¢) SO;orS0;
d) NO3or NO; e SOF or SO, f)  COzoroCs

7. Indicate whether the following statement is true or false and explain yoy

reasoning.
The dipole moment of NH3 is smaller than the dipole moment of

CCly.
8. Which molecule of each pair has the greater dipole moment?

a) CCly or CH;Cl
b)  CH;3Br or CH;Cl
¢)  H0 or H,S

9. Based on the data in Table 2, predict the dipole moment of CH3F.

10.  For each of the following species: provide the best Lewis structure; sketch the
shape of the species including an indication of bond angles; give the
hybridization of the central atom; indicate whether or not the molecule is polar
(has a nonzero dipole moment),

a) SCN- b) ppy, ) NO; d) NH;j
e) CS, f)  SO; 8 CHCl h)  CH,Cl,
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coblemS ! .

For each of the following, which has bonds that are the most polar?

a) C‘,F4, NF}, OFz
which has the larger dipole moment, I or [1? Clearly explain.

I Il
=2 +1
+2 =
5G—O O— c
PP - - >

For each of the following, which species has the largest dipole moment?

2) CH3Cl, CH3Br, CCly, CBrg, CFy

p) CO2, SO2, NH4", Fz, O2*

4. For each molecule (or ion) indicate whether the dipole moment is equal to zero

or not: CN™; CH3Br




