CHEMICAL BONDING POGIL

Activity 1 = A compound by any other name...

Objective:

o Based on the elements present in a chemical formula, classify the compound as ionic or covalent (covalent
molecules are also referred to as molecular compounds).

Getting Started: |
Review the definitions for an element and a compound.

The Model:

Fe is the elemental form of iron.

Cis the elemental form of carbon.
Cl, is the elemental form of chlorine.

FeCl; is a compound formed from the elements iron and chlorine

Reviewing the Model

1. What does the subscript 2 indicate in Cl,?

2 chloine afoms

2. What is implied when there is no subscript?
| orom

3. Classify C, Fe and Cl as metals or nonmetals.

C > wed nonnutad  CV 9 nonnuLtad
Fp > metiA

Exploring the Model

4. Evaluate the statement, “The formulas for elements never contain a subscript.” Is this statement true?

Tt 1 %\S(’_

5. From the two examples provided, would you expect the formula Sg to represent a compound to an element?

Riement
6. Using examples from the Model, explain how you classified Sg.

Since Clz 15 considered an tlemend, Sg shovld be
s11€




Exercising Your Knowledge

7. Classify each formula below as an element or 3 compound:

a. Co \E Y (\t f.

c. CsOH g:gm;g_ gnd h.

d. Br, e\ﬁ m€ﬂjr

e. NaBr E'Qm P(Amd

Summarizing Your Thoughts

8. What clues are given in chemical formulas that allow you to differentiate between an element and a compound?
An element only was 0n€ +ype of afomy and o campoond  has
mort than oM Fypt of atom.
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Activity 2 = Types of bonds...

Getting Started:

The Model:

Table 1 — Compounds that are considered...

______Ionic Covalent
L ZnCl, CCly
| Nazo . P':Os

Reviewing the Model

1. The compound zncl, is considered to be a (an) } (}ﬂ | compound.

A
2. The compound that contains nitrogen and oxygen is a (an) C (Nal( ﬂ+ compound.




Exploring the Model

3. Does the classification seem to be made based on how many atoms of each element are represented in the

formula?
No O does hot

4. Write the symbols for the elements presented by the Model (Table 1) near their correct location on the outline
of the periodic table.

- |
II , g.
Cl

—_—

3 4 - ol

5. Compare the types of elements found (metals or nonmetals) for the two classes of compounds. Do you see any
trend in the type of elements present and the classification?

Tonte, = Metal and nonmlLiuk
coalent > nonmefad, nopmeFaA

Exercising Your Knowledge

6. Classify each of the following as either ionic or covalent. R
a. NaBr 10N1C f. BaS \ 0N C
o, s Cowdlent g, CsF, L ONIC
c. CoBr, 1001 ( h. CrCls 1 onic
d. OF, __ CONOHNY . €O, covalen t
e. NO, gf()\t(l\fﬂf ) . Co (NAIZh t

Summarizing Your Thoughts

7. Write a simple rule that will allow you to classify compounds as ionic or covalent on the basis of what you have
learned from the Model.

M o ¢ eompounds hae beth melals ano r)mm{lﬂly/m Thint . \
A covalent tompoundy arc AL o1 just nopmetals,

2



Chemical Bonding Worksheet

Ionic Bond between a Metal and Non-Metal (M + NM)
Covalent Bond between a Non-Metal and Non-Metal (NM + NM)
Metallic Bond between a Metal and Metal (M+ M)

Determine if the elements in the following compounds are metals or non-metals. Describe the type of bonding that

occurs in the compound.

—

Compound Element 1 Element 2 Bond Type
(metal or non-metal?) | (metal or non-metal?)
NO> N = non-metal O = non-metal covalent
NaCl
mesad hm |onic
SO;
AR nm covaun+t
PO,43- ' = -
| mon-melak nm cuaHnE
MgBr; ]| -
N Rareyy NM 1 onNiC
Ca0o
Mfm\ N 1 ONIC
H20
Non-metat NI cova\nt
K20
el N 10N C
Cu-Zn alloy
[ ruth AL me et 1 C
),
NON-MATUA nm Covalent
CuCl
NO- W+M Nm L ON| C
2
. NON-m ¢ L nm , Covaltnt
102
MeHad nm .
HF |
NoA-MCIAN N covti ent
Rb>S
Nt M/L ﬂm } oNi ¢
Au-Ag mixture
f L mel A medatic
Fe20s3 ™
| nm | ON 1L
‘ CeH1202 | } ) — =
hUﬂ'ﬂ\i’CLL ni 3 R ') (C/Va‘{’/)‘r




Naming Ionic Compounds

What are the structural units that make up ionic compounds and how are they named?
Why?

When working in chemistry, it is often convenient to write a chemical in symbols. For example we might
write down the substance table salt as NaCl. In talking about chemistry however, it is a bit tacky to say

« b . .« @

en-ay see-ell” when we want to refer to a substance. Also, in formal writing we should use the name of

the compound rather than its symbols. Therefore we need to learn how to say the proper names of ionic
substances.

Model 1 - Ion Charges for Selected Elements

- -—  ————C(Cartions

«—Anions —»

1. Based on the information in Model 1:
a. Identify three elements that form only one cation.
h\{dwfaan, Cithium, sedium gy thatonly hawe ©
b. ldentify three elements that form only one anion.
Fogorine, Chigrine, Dromina
c. ldentify three elements that form more than one cation.

Tion, Ndad (epper

d. In what region of the periodic table are these “multiple jon” elements usually located?
AR (B

2. Consider the ions of potassium (K) and sulfur (S). Write chemical formulas for all possible ionic

compounds involving these ions, using the simplest ratio(s) of porassium (K) and sultur (§).
Keep in mind that the sum of the charges in an ionic compound must equal zero.

Kad

3. Consider the ions of iron (Fe) and sulfur (S). Write chemical formulas for all possible ionic com-
pounds involving these ions, using the simplest ratio(s) of iron (Fe) and sulfur (§). Keep in mind

that the sum of the charges in an ionic compound must equal zero.
Fey  and  Fegds

V| (hw(});\

Naming Ionic Compounds
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Model 2 - Ionic Compound Names (Metals that form one ion)

to

10.

1.

12.

13.

N3Cl Sodium chloride ZnP, Zinc phosphide
Calcium sulfide , Aluminum oxide

S
-@S Silver sulfide @213 Strontium chloride

. Circle the symbol for the metal in each of the compounds in Model 2.

. Which element comes first in the name and formula of the compounds in Model 2—the metal

or the nonmeral?

e

. Use the table of ions in Model 1 to answer the following questions:

a. In the compound zinc phosphide, what is the charge on the zinc ion?

Yo

6. In the compound zinc phosphide, what is the charge on the phosphide ion?

-5

. Explain why a 3 to 2 ratio of ions is necessary for the compound zinc phosphide.

The sum ot The chwya,( S hwve 1o pyucu 201 0

. The compound carbon dioxide has a name that gives you a hint as to how many oxygen atoms

are in the compound. Is there anything in the name “zinc phosphide” thar indicates chere are
three zinc and two phosphorus ions in the formula unie?

N O

. Is there any other ratio of zinc and phosphorus ions that could exist? For instance, could you

have Zn,P or ZnP? Explain your answer.

NG beWwse Z2n alwou/s has a 72 ('hafgx and Palunys has -3 (hayz

Explain why you don’t need to specify the number of ions in the compound when you are nam-
ing 1onic substances like those in Model 2.

ol wud to e nevhal, o thee 13 only possible combmnation

Model 2 is labeled “Metals that form one ion.” Whart other merals thart also form only

could be included in the Model 2 list?> Model 1 may be helpful in this regard.
Lithium, 'P(MSSIUM . (Uhidium @ei\{l[mm \ ijNJlum Bavme

Describe how the names of the nonmetal elements in Model 2 are changed when they are in
their anion forms.

endm& Changes o -1dL
Name the following ionic compounds using what you learned from Model 2.

Li,O Mng Al:S . KAN

one 1on

Lithium X A mﬂj U Jrum f [Vonde  cUumimum Palmf 74

Sulfrde Nt dA

POGIL™ Activities for High School Chemistry
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14. Provide the chemical formula for each of the following ionic compounds.

Barium chloride BO\(,\Q. Magnesium oxide V| O

15. Consider the two chemical formulas you wrote in Question 3 for compounds of iron and sulfur.
Would the name “iron sulfide” be sufficient to uniquely identify either of those compounds?

Explain.

NG hewse we woold not be ae fo Tt fiy ditfetne

DL The YW
Read This!

When the metal in an ionic compound always forms an ion with the same charge, you need not indicate
that charge as part of the compound name. However, some atoms have the ability to form more than one
type of ion. This can make naming confusing. You cant simply refer to a compound of copper and oxygen
as “copper oxide.” People won't know which compound you are referring to—CuO or Cu,O.

- o

Model 3 — Ionic Compound Names (Metals that form multiple ions)

Cu,0 Copper(l) oxide PbO Lead(lI) oxide
CuO Copper(lI) oxide PbO, Lead(IV) oxide
SnF, Tin(II) Auoride FeCl, Iron(ll) chloride
SnF, Tin(IV) fluoride FeCl, Iron(I1I) chloride

16. Model 3 is labeled “Merals that form multiple ions.” What other metals that form multiple ions
could be included in Model 3? Model 1 may be helpful in this regard.

N, T\% :
'17. Describe the most obvious difference between the names in Model 3 and those in Model 2.
{ Gnan nupwrad)

18. Do the Roman numerals in the names in Model 3 relate to the number of cations or number of
Jnions in the formula unit? Support your answer by citing two specific examples.

ﬁ\e i ()F ONIGNY |
Qus0 lopptr(FIox e

W SNk 'Tm(l\/) }\UUH LA

19. Keeping in mind that the sum of the charges in an ionic compound must equal zero, use the
chemical formulas in Model 3 to answer the following questions:

2. ldentify the charge on the copper cations in copper(]) oxide and copper(1l) oxide, respectively.

cot' Cur

b. ldentify the charge on the iron cations in iron(lI) chloride and iron(111) chloride, respectively.

Trs12 13
re Fe
20. What do the Roman numerals in the compounds described in Question 19 indicate?

18 N (hwai of tTh catien

Naming lonic Compounds 3
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21. Fill in the table below using what you've learned from Model 3.

\ ComPo;xdr ~ Charge on Cation  Name of the Compound _
PbCl, Pb* Lead(IV) chloride
R0, | e™ :nmcnb OKide
o 1 )¢
L L CO,Qpe(!_L\ ; E g

22. For each of the compounds in the table below, determine the type of metal in the compound and
then name the compound using the correct naming method.

- Me:a.lrfor-msr Metal forms
o ___rc)nly ‘oneion | multiple i ions ﬂ
S Co | co\cwm M\\ Y
M M Mmogsium Ok AL ]
A.g.sli A L fﬂfg SUWEL Nadr Qe
__50C12J4 I Yien( V) (HLL_ ]
| CuF, | CU Copper Hum L
kP [ % ot um,phosyh\ w_ |
<n N, N 1 1 zZwC MWinde
HgO L Dé 1 mbilvy L)) oxaide -

POGIL™ Activities for High School Chemistry

8



Name
Date Period

lonic #1 WS — Formulas Only

Binary Compounds — containing metal with nonmetal

Write formulas for the following:
1. aluminum chloride |

. lithium sulfide L1 =S

2

3. calcium phosphide CazPa
4. barium fluoride _ _Kaka
5
6

. potassium oxide ¥aO -
. sodium bromide No By

7. barium nitride Bo 2 N A
8. lithium oxide WO
9. aluminum oxide A\ 32
10. rubidium iodide kol

Binary Compounds - containing transition metal with nonmetal

Write formulas for the following:

1. mercury(I]) sulfide Hg S

2. copper(l) nitride CuozN

3. iron(IIl) bromide Pr» (97 2

4. mercury(l) oxide a T FqaO
5. silver fluoride j‘k

6. copper(Il) oxide CS

7. chromium(IIl) iodide CcF¥3
8. nickel(Il) bromide l )1 Bra
9. tin(IV) sulfide T <ndSa_
10. zinc oxide 2 nO

Compounds containing polyatomic ions

Write formulas for the following:

' aluminum sulfate AE (sou) 3

| zinc nitrite Zn(M02) 5

11 magnesium chlorate la (C103)2 . ,. e
'; sodium bicarbonate NN (O — \)iCC\{ 'DOQCHC = h\ldkl %Qn ( (A LC”)[ ‘k
| calcium hydroxide Co {OH) ~

copper(Il) carbonate CoCO3
ammonium sulfide [Ny }g
iron(III) acetate |
lithium sulfite

0 strontium phosphate ")' 3l M)

5 32 99 P A e A



Name _—
Date

) lonic #1 WS - Part 2

Binary Compounds — containing metal with nonmetal

Name the following: |
1. NaF Sadwm Fluofd e

Binary Compounds - containing transition metal with nonmetal

Name the following: |
1. CuCl Copper (1Y thiorigs

2. CuCl, LQ0per 411} chliorid A

3. FeO - nm 1% (L4

4, MnS G #0652 (1) soHda -
J. Cry04 16 nwm YT

7. SnCI4 .

8. I €0 DA N g

9. FAT R S . < 4
H-Hglhh— — o —

Compounds containing polyatomic ions

Name the following:

. BaSOs___ haium syHate
2. (NH4),CO; AMNMOoN) | uMm m:bma%c
3. LizSO; hihjom soft

4. CTPO4 all T ) 1 h{iShtT}‘e
Nan_H302 | | ‘

N W

'—‘\0.00

) 0 CaCr,0 g;alcnum )Chmmafﬁ

0

I_’.
s SAVEANG L



1. P4Os J'f'h Q\)\\OSW(L)S ) d€(ﬂl&m¢'§_—_—_—_—
2. SeCl. ____ Selnium qichgerde
3. NO _J\mo%&h moNgxdL _

4. N.O __ ﬁmﬁ_a%&n monowd& _

5. NO, Nt ta%n dioxidl _

6. st sulfue  oclofwonde
7. BCl, oo ueh\indy-
8. As,Os | diousenC PQ(\’T 0%\ AL -
9. P,Ss _ *ﬁ’ﬂ&?\\(ﬁp\\(/fu& QCQWSOH:.\QU»

10. Si;Bre hiilicon hexabiomide

asere _ Stleniumn nexatlonde
eosc  ovbue tetachlonde

13. CH _ corbon  terabhydode

14. B2S ___dlbﬂ_(__ﬂ M onoSu ’f_gL______
15. NF, (\\Y tQ(ag_D__‘“ SQ\UO“U- _




Write the formulas for the Jollowing covalent compounds:

1. antimony tribromide $ \) % ' 3

2. hexaboron monosilicide B\o Se\
3. chlorine dioxide Q \ O X -
4. diphosphorus monosulfide P . % =
5. 10dine pentafluoride T—— \:6 _ -
6. dinitrogen trioxide ) N a O 3 _
7. phosphorus triiodide P 1 D _
8. phosphorus trichloride PC \ 3 _ I
9. arsenic pentabromide i AS B S
10. 1odine trichloride FIC \ 3 N
11. carbon monoxide CO )
12, diphosphorus pentoxide P A O S - _ _ )
13. boron trifluoride B F3
14.  dichlorine heptoxide Cl A O 7 - B
15. carbon tetrabromide *C, B Y
16. nitrogen trihydride - N ﬁ 3

|



Compound Practice

Name:
Date:

Part 1: Label each of the following as Covalent (C) or ionic (I), and fill in the formula for each

compound.
1) sodium bicarbonate

2) magnesium sulfate

3) lead (IV) sulfide
4) phosphorus trichloride

5) copper () carbonate

6) tetraphosphorus decoxide
/) calcium chloride

8) Zinc nitrate

9) tin (ll) iodide

10) nitrogen monoxide

11) sodium nitrate

12) dinitrogen tetroxide

13) titanium (IV) oxide

14) phosphorus pentabromide
15) iron (lll) selenide

16) aluminum chloride

17) nitrogen dioxide

18) carbon tetrachloride

19) cobalt (ll) iodide

20) Francium phosphate

21) Lead (IV) chromate
22) magnesium acetate
23) silver bromide

24) chromium (lil) nitride

25) potassium acetate

| \—f\oo‘

i

1

!

- O'H OH!O HIHHO = 0‘\-" -

|
|




conaleny ()

i name for each
Part 2: Label each of the following as male.c.ular_(M) or ionic (1), and fill in the

compound. , -

o . e o Mﬁm K1 A

27) SrCl I __shontio ‘l‘\—-@—\(—\——\f—‘—‘——é{'—'—'——

28) NaBr 3 __M—&f———————

29) S2Cl C _ disutfur diehlorede

30) LisPO4 T ___Uw;gbﬁf____.
R(27Q6)s / s

32) SiO, C Slicon fefrokide

\33NHNOa_/ N\ £ SN N TN N\

34) Cr(C,H302)3 1 CruomiomOi) acetale

35) Ni(HSO4) 1 NAZ4 (H\ \\\‘&10%0\ ou i fate

36) Li.COs3 1 _ \Whwum aibonate

37) Cu(C104)> W Coppec L) (1) ichlomte

38) CsF L CeSiumm Tluonde

39) KOH ! P_o\(m\um N’dtcmu

40) (NH4)2S03 L ommenium  soifiye

41) MgSO; I mag'ﬂr\m OM ;SQ\F" Ve

42) 1Brs C _ Todyne tilwomida

43) SO; C solfur ™Moxide

44) HgO 1 mercony (Y oxade

45) AGQNO5 1 SWwee nwvake

46) FeCl, 1 _ Yuonl! u\ Q\q\QHL

47) Cr3(PO4), pa _ Crwomiom [ Sphate

48) CuCl, 1 DA, Copner \_)_Chcn(h.

49) NaNO; 1 SOdluM. N e

50) BaCO; 3 b anum  (Qabenc

B



