LearnSight - Chemistry - Student Worksheet

Name: Period: Date:

Lewis Structures for Molecules

Learning goal
| can draw Lewis structures for molecules, including double and triple bonds.

Part 1 - Notes

Fill in each blank using the word bank for that section.

Section A - Counting Valence Electrons

Word bank
2 0 one dot 0 8 0 6 c line 0 16 : 4 0 two dots 0 circle

e In C7.01 you drew dots around single atoms. A Lewis structure does the same for a whole
molecule. It shows every valence electron: each bonding pair is drawn as a
, and each lone pair (two electrons that belong to just one atom) is drawn as

¢ Only valence electrons are drawn, because they're the only ones that take part in bonding. For
the main-group elements, the group number tells you how many:

H C, Si N, P 0,S F,Cl, Br, |

1 4 5 6 7

o Step 1 is always counting. Add the valence electrons of every atom in the formula.

Remember

Worked examples

HO -2H(1each)+10(6)=2+6=8
CO,—>1C((4)+20 (6each)=4+12=16
PClzs > 1P (5)+3Cl(7each)=5+21=26

e Each oxygen atom brings valence electrons. NH3 has
valence electrons in all.
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Section B - Single Bonds

Word bank
center : 4 : 2 : 0 c 1 : outside 0 8

o From dots to lines: two electrons shared between two atoms (C7.01) are drawn as one line.
H:H and H—-H mean the same thing.

H-H: one line = one shared pair (2 electrons)

Remember

Steps: drawing a Lewis structure

1. Count the total valence electrons.

2. Place the central atom (the one there's only one of; never H). Put the other atoms around it.
3. Connect each outer atom with a single bond (2 electrons each).

4. Fill the outer atoms with lone pairs until they have 8. Hydrogen gets none.

5. Leftovers go on the central atom as lone pairs.

6. Check: does every atom have 8 (H: 2)? Does the total match step 1?

e Worked example: H20 (8 electrons). O goes in the middle; two O—H bonds use 4 electrons.
Each H is full with its one bond (2 electrons). 4 electrons are left, so O gets 2 lone pairs.
Check: O has 4 shared + 4 lone =8 v - totalused 4 +4 =8 vV

H—O0—H

H,O - 8 electrons
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e Worked example: PCI; (26 electrons). P goes in the middle; three P—Cl bonds use 6. Each ClI
gets 3 lone pairs: 3 x 6 = 18 electrons. 26 — 6 — 18 = 2 left, so P gets 1 lone pair. Check: P has
6+2=8v-eachClhas2+6=8V -total6+18 +2=26 vV

. LN ] LN ]
:Cl—P—CIl:
LN I LN ]
:Cl:

e
PCl; - 26 electrons

¢ Aline counts for both atoms. In H-CI, the 2 bonding electrons count toward hydrogen's 2 and

chlorine's 8.
e In CH4 (carbon tetrahydride), carbon has lone pairs. Hydrogen is full with
electrons.
e Hydrogen is always on the . It makes one bond and never has a lone pair.

Section C - Double and Triple Bonds

Word bank

3 0 4 0 8 0 6 c remove an atom c add more electrons
make a double bond 0 2

e Sometimes you run out of electrons before the central atom has 8. You can't add electrons (step
1 fixed the total), so you share more. Move a lone pair from an outer atom into the bond. Now
that pair is shared, so it counts for both atoms.

e Two shared pairs between the same atoms make a double bond ( electrons,
drawn =). Three shared pairs make a triple bond ( electrons, drawn =).
Remember

Step 6, in full: if the central atom is short of 8, move a lone pair from an outer atom into its bond.
Repeat until the central atom has 8. The total never changes.
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e Worked example: CO; (16 electrons). C in the middle: O—C-O uses 4. Each O gets 3 lone
pairs: 12 more. That's all 16, and nothing is left for C. Check C: only 4 electrons. Move one lone
pair from each O into its bond: O=C=0, with 2 lone pairs on each O. Check: Chas 8 v - each O
has 4 shared + 4 lone=8 v - total 8 + 8 =16 vV

:0—C—0: 0=C=0

Before: C has only 4 After: 8 on every atom

e If the central atom is short of 8 and no electrons are left, you
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Part 2 - Lewis Builder

Card 1 - Count the valence electrons (do this after Section A)

Write each atom's valence electrons, then add them. Count every atom: H20 has two H atoms. The first row is
done for you.

Formula Each atom's valence electrons Total

Ex: H20 H1+H1+06 8

NH3

CO:

PCl;

CCls

Why do Lewis structures show only the valence electrons, not every electron in the atom?

Sentence stem: “Only valence electrons are drawn because . The inner electrons
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Card 2 - Single bonds (do this after Section B)

Each mat shows the atoms in place. Draw a line for each bond and two dots for each lone pair (or use the cut-out
pieces on the last page of Part 2). Follow the steps: connect, fill the outer atoms, put leftovers on the center, then
check. H20 is done for you.

Example: H,O HCI NH,
i = 1'-“ N =N LanEN
H—O—H H (Cly || (H) (N} (H
*® - - - - -
YAREN
[
\H,;
done for you draw it draw it
CH, PCI,
l’-\
\!:!;'
" “~ ,I-'\ 'I"'\ /’-‘\ ""\ I’-s’\
H ARGy HE NG ARGl
r'd -~ ,’h\
I 1
‘!-!’I I\\CII,
draw it draw it
Molecule Total e™ (step 1) e~ in bonds e~ in lone pairs Every atom 8? (H: 2)
Ex: H.0 8 4 4 vVO8 H?2
HCI
NH;
CH.
PCl;

In NHs, nitrogen has a lone pair but each hydrogen has none. Explain why.
Sentence stem: “Nitrogen needs __ electrons, so . Hydrogen is full with __ ,so
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Card 3 - Double and triple bonds (do this after Section C)

Same steps. When the central atom is still short and no electrons are left, move a lone pair into a bond. Oz is

done for you.

Example: O, CcO, N, CS.
o o ',- ', N ',-\ '/ N '/ N ’f"\ ', N '/‘\
0=09 Q7 1Cr A0 | NS AN ASS RE S
done for you draw it draw it draw it
Molecule Total e” Center short after step What did you move? Bond made
5?
Ex: Oz 12 yes: one O had 6 1 lone pair into the bond double
CO;
N2
CS;

How did you know O needed a double bond instead of a single bond?

Sentence stem: “With a single bond, ____. Moving a lone pair into the bond ___.
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Lewis Builder pieces - cut along the dashed lines (optional)

Use these on the mats instead of drawing. Count the electrons as you place each piece: every piece is 2
electrons.

Bond strips - each line = 1 shared pair (2 electrons). Stack 2 for a double bond, 3 for a triple bond.

r r r r r r
| e | | — | c—— | c——

e o omm - e Y Y e [

Lone-pair chips - each chip = 2 electrons on one atom.
PO IPU P i S S S e T
Ioo:loo:lool ool ool o0l ol 0ol oo:l

——r——
° ol:o ol
I I

Cut along the dashed lines. Keep the pieces in an envelope for the next class.
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Part 3 - Checkpoints

How to use this section

1. Answer the A main questions for each checkpoint.

2. Check your answers with your teacher.

3. Your teacher may give you a e or m page for that checkpoint. Finish it before you move on.

Checkpoint 1 - Count valence electrons
A Main questions

T1.1. How many valence electrons are in CO3?

16
18
12
10

oCow>

T1.2. How many valence electrons are in PCl3?

A. 12
B. 26
C. 24
D. 22

T1.3. How many electrons does one single bond use?
A 4

B.
C.
D.

- N

T1.4. Which atom goes in the center of NF3?
none; NF3 has no center

F

either one

N

oow»
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Checkpoint 2 - Single-bond molecules

A Main questions

T2.1. How many lone pairs are in the whole NH3 molecule?

oo w»
R o WO

T2.2. In CCls, how many lone pairs does each chlorine have?
A 2

B.
C.
D.

[N

T2.3. How many lone pairs are in the whole PCI; molecule?
A. 10
B. 9
C. 12
D. 13

T2.4. A student drew NH3 like this. What's wrong?

H—N-—H

H
A student's drawing of NH;

Nothing is wrong

Nitrogen has only 6 electrons; it needs a lone pair to reach 8
Each H needs a lone pair

N needs a double bond

oo w>»
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Checkpoint 3 - Multiple bonds

A Main questions

T3.1. In O2, how many lone pairs does each oxygen have?
1

oo w»
w N O

T3.2. Which is the correct Lewis structure for CS- (16 electrons)?

A. S=C=S, with 2 lone pairs on C
B. S—-C-S, with 3 lone pairs on each S
C. S-C-S, with 2 lone pairs on C
D. S=C=S, with 2 lone pairs on each S

T3.3. How many electrons are shared in a triple bond?
A. 6

B.
C.
D.

A 00O W

T3.4. When should you try a double bond?

A. When electrons are left over

B. When the central atom is short of 8 and no electrons are left
C. Every time carbon is in the middle

D. When there's a hydrogen
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Part 4 - Claim, Evidence, Reasoning

Question: Nitrogen gas is N2. Explain why the two nitrogen atoms must share a triple bond.

Bond tried Shared e~ e~ left for lone pairs (of 10) Does each N have 8?

N-N (single) 2 8 No

N=N (double) 4 6 No

N=N (triple) 6 4 Yes: 6 shared + 1 lone pair each

Also: the N=N bond takes about 945 kJ/mol to break; an N—N single bond takes about 163 kJ/mol. N2 makes up
78% of the air and rarely reacts.

Sentence stems (use them if you need them)
| claim that N2 needs a triple bond because .

This works because shared electrons count for .

Evidence bank: 10 valence electrons - 5each - 6 shared
for both atoms - 945 kJ/mol

My evidence is that N, has _ valence electrons. With a single bond, . With a triple bond, .

1lone paireach - 6+2=8 - counts

Claim:

Evidence:

Reasoning:

m Take it further

electron counts.

Someone says N2 could just have a single bond with 3 lone pairs on each N. Respond using
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Glossary - Glosario - Bang thuat ngir

English

Espaiol

Tiéng Viét

Lewis structure: a drawing of a
molecule that shows every valence
electron: bonding pairs as lines and
lone pairs as dots

estructura de Lewis: un dibujo de
una molécula que muestra todos
los electrones de valencia: los
pares enlazantes como lineas y los
pares solitarios como puntos

cong thirc Lewis: hinh vé mot
phan t&r thé hién moi electron héa
tri: cap electron lién két la gach néi,
cap electron ty do la ddu chdm

bonding pair: two electrons
shared between two atoms, drawn
as one line; also called a shared
pair

par enlazante: dos electrones
compartidos entre dos atomos,
dibujados como una linea; también
se llama par compartido

cip electron lién két: hai electron
dung chung gitra hai nguyén ttr, vé
bang mét gach ndi; con goi la cap
electron dung chung

lone pair: two valence electrons on
one atom that are not shared

par solitario: dos electrones de
valencia en un atomo que no se
comparten

cap electron tw do: hai electron
hoéa tri trén mot nguyén t&r khéng
dwoc dung chung

double bond: two shared pairs (4
electrons) between the same two
atoms

enlace doble: dos pares
compartidos (4 electrones) entre
los mismos dos atomos

lién két déi: hai cap electron dung
chung (4 electron) gitra cung hai
nguyén to

triple bond: three shared pairs (6
electrons) between the same two
atoms

enlace triple: tres pares
compartidos (6 electrones) entre
los mismos dos atomos

lién két ba: ba c&p electron dung
chung (6 electron) gitra cung hai
nguyén tor

central atom: the atom in the
middle of a molecule that the other
atoms bond to

atomo central: el atomo en el
centro de una molécula al que se
unen los otros atomos

nguyén tr trung tam: nguyén t& &
gitba phan tlr ma cac nguyén t
khac lién két vao

Key directions - Instrucciones - Hwéng dan

English

Espaiiol

Tiéng Viét

Count the valence electrons.

Cuenta los electrones de valencia.

Dém sb electron hoa tri.

Drag a bond between two atoms.

Arrastra un enlace entre dos
atomos.

Kéo mot lién két gitra hai nguyén
ter.

Give every atom 8 electrons
(hydrogen: 2).

Dale a cada atomo 8 electrones
(hidrégeno: 2).

Cho méi nguyén tir 8 electron
(hidro: 2).

Write a claim, evidence, and
reasoning.

Escribe una afirmacion, evidencia y
razonamiento.

Viét nhan dinh, bang chirng va lap
luan.
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Name: Period: Date:

Checkpoint 1 - Count valence electrons
e Your teacher gave you this page. Finish it before you move on to the next section.

e Need a boost?

Valence electrons: H1:-C,Si4-N,P5-0,S6-F,Cl,Br, 17

S1.1. How many valence electrons does one oxygen atom have?
A 8

B. 6
C. 2

S1.2. How many valence electrons are in H>O in all?

A 3
B. 7
C. 8

S1.3. How many valence electrons are in NHs in all?

A 8
B. 6
C. 5

C7.10 - Lewis Structures for Molecules - Page 17



LearnSight - Chemistry - Student Worksheet

Name: Period: Date:

Checkpoint 2 - Single-bond molecules
e Your teacher gave you this page. Finish it before you move on to the next section.

e Need a boost?
S2.1. In the Lewis structure of H,O, how many lone pairs are on oxygen?
A 4

B. 2
C. 1

S2.2. How many bonds does each hydrogen atom make?
A. 4
B. 2
C. 1

S2.3. In HCI, how many lone pairs are on chlorine?

A 3
B. 1
C. 4
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Name: Period: Date:

Checkpoint 3 - Multiple bonds

e Your teacher gave you this page. Finish it before you move on to the next section.

e Need a boost?
Steps: 1 Count - 2 Place (never H in the middle) - 3 Connect - 4 Fill outer atoms (H gets none) - 5
Leftovers on the center - 6 Check: 8 each (H 2), same total
S3.1. How many electrons are shared in a double bond?
A 2
B. 4
C. 6

S3.2. In Oy, after one single bond and the lone pairs, one O has only 6 electrons and none are left.
What do you do?
A. Remove the bond

B. Add 2 more electrons
C. Move a lone pair from the other O into the bond

S3.3. Which molecule has a double bond?

A. O
B. H:
C. Clz
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Name: Period: Date:

Checkpoint 1 - Count valence electrons
m Your teacher gave you this page. Try these after your main questions.

m Take it further
H1.1. How many valence electrons are in HCN?

A 12
B. 11
C. 9
D. 10

H1.2. CCls has 32 valence electrons. After the four single bonds are drawn, how many electrons are
left for lone pairs?

A 24
B. 28
C. 32
D. 16

H1.3. Explain why hydrogen can never be the central atom.
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Name: Period: Date:

Checkpoint 2 - Single-bond molecules
m Your teacher gave you this page. Try these after your main questions.

m Take it further
H2.1. Which molecule's central atom has 3 bonds and 1 lone pair, like NH3?

A. PCl;
B. SiCl4
C. H.S
D. CCly

H2.2. NF3 has 26 valence electrons. How many of them are in lone pairs?

A 24
B. 20
C. 18
D. 6

H2.3. Explain how you can tell the Lewis structure of CCls is complete.
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Name: Period: Date:

Checkpoint 3 - Multiple bonds

m Your teacher gave you this page. Try these after your main questions.

m Take it further
H3.1. Which describes the Lewis structure of CO2?

A. Two single bonds, with 3 lone pairs on each O

B. Two double bonds, with 2 lone pairs on each O
C. Two double bonds, with 1 lone pair on each O

D. Two double bonds, with a lone pair on C

H3.2. In N2, how many lone pairs does each nitrogen have?
A. 0

B. 2
C. 1
D. 3

H3.3. HCN has 10 valence electrons. Describe its Lewis structure and explain why it needs a triple
bond.
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