Chemical Bonding

lonic 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?
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1. P,0, ‘Ld‘(C\phOSM(US __dﬁ(ﬂl(\ &LL
2. SeCl, ,Sf fm\)m d ch) il IdJ.

3. NO Dﬁm%&h MOoNoX AL

4. N.O g&\gmg%gg MONoX L -

_ bown ach\onde-

7. BCl, _ _
8. As:O. AIOSe N\ C \)CMOX\C\L ] _
o pss _ YeNGphosphors  pentasolfy &}. -
10. Si.Brs diulicon  hexabiom jde _

11. SeFs Selenium  nexatluonde

12. SCl, SS)\£U( _‘tC‘hGChlU” d’(—l
13. CH, ___C_(L‘_bQ_D___j_Ci‘a h\td ‘.‘d}‘-—
14. B,S (iLb_OfOY\ Mono SUHCI d/L

15. NF, M&Q%&D__m.g_\ﬂi\u—____. _
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Write the formulas for the follow

10.
11.
12.
13.
14.

15.

16.

antimony tribromide

hexaboron monosilicide

chlorine dioxide

diphosphorus monosulfide
lodine pentafluoride
dinitrogen trioxide
phosphorus triiodide
phosphorus trichloride

arsenic pentabromide
10dine trichloride
carbon monoxide
diphosphorus pentoxide
boron trifluoride
dichlorine heptoxide
carbon tetrabromide

nitrogen trihydride

ing covalent compounds:




Naming Ionic Compounds

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

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

2 | Lir | Be» N> | O* | E-
3 Na* | Mg* Transition elements Al fs 3= Cl}-
5 | Rb: gﬁj | [-
: 1IN

<«——Anions ——»

Cations

1. Based on the informartion in Model 1:

a. Identify three elements that form only one cation.
h\{dwfazn, Litiium, sadium | any thatonly have OM
6. ldentify three elements that form only one anion.
Hguting Chlgrie, Dromina
¢. ldentify three elements that form more than one cation.

Tyon, NiQA, (opper

a. In what region of the periodic table are these “multiple ion” elements usually located?

T s tion Lt

2. Consider the ions of potassium (K) and sulfur (S). Write chemical formulas for all possible 1onic
compounds involving these ions, using the simplest ratio(s) of potassium (K) and sulfur (S).
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 1onic com-
pounds involving these ions, using the simplest ratio(s) of iron (Fe) and sulfur (S). Keep in mind

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

-,

Naming Ionic Compounds 1
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Model 2 - Ionic Compound Names (Metals that form one 1on)
(:\;iCl Sodium chloride iZn;P2 Zinc phosphldc

x10.
11.
12,

13,

[ tum oxide

@85 Calcium sulfide @03 Aluminum oxide

@ Silver sulhde Sril, 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

or the nonmetal?
Y

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

7—the metal

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

ra

b. 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.

Yhe sum ot The f“%[ﬂ) e 1o p7ucu 2010

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” that indicates there are

three zinc and two phosphorus ions in the formula unit?

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.

No be(wse &n aliys has & 7 (hng and Palunys has =3 mdj/

Explain why you donT need to specify the number of ions in the compound when you are nam-

Ing 1onic substances like those in Model 2.

Q\U\JO&{ﬁ M,ld tv e nevnal, Su Mt 13 Of)’t/ /)OSSIbu com bina tion

Model 2 is labeled “Metals that form one ion.” What other mertals thar also form only one 1on
could be included in the Model 2 list? Model 1 may be helpful in this regard.
, B[L/lu'/)’\-

[ ifhium, pomssnum. (whidium, Beryllivm, maﬁpuﬁum

Describe how the names of the nonmetal elements in Model 2 are changed when they are in

their anion forms. |
ev\dm& Changgs 1o -1l

Name the following ionic compounds using what you learned from Model 2.
Li,O MgF, AlLS,

K,N |
majVUSIU’Y) HUOH(LL CL'\ummum Polﬁ)ﬂ v

Sulfrda nit1d
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14. Provide the chemical formula for each of the following ionic compounds.

Barium chloride g@ (,\ ) Magnesium oxide M O

15. Consider the two chemical formulas you wrote in Question 3 for compounds of iron and dSL;lfUI‘-
Would the name “iron sulfide” be sufficient to uniquely identify either of those compoundas:

Explain.
P NGO DWW YK would not b aie ARy The diHfortn L

DLW The TG
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 can't 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.

as _copper oxide. Teople wont Kow W e - - o s
Model 3 - Ionic Compound Names (Metals that form multiple ions)

Cu,0 Copper(I) oxide PbO Lead(Il) oxide
CuO Copper(Il) oxide PbO, Lead(IV) oxide
chloride

SnF, Tin(II) fluoride FeCl, Iron(ll)
l SnF, Tin(IV) fluoride FeCl, [ron(I1I) chloride

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

NV, Tig |

'17. Describe the most obvious difference between the names in Model 3 and those in Model 2.

\ Con numLat)

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

Yhe ¥ of oniony \ox
(T)oxde |
(30 (OPPe, T (lv) Hovn b

W\[/ SﬂFH 1{)

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:

z. Identify the charge on the copper cations in copper(I) oxide and copper(Il) oxide, respectively.

ot Cur

b. Identify the charge on the iron cations in iron(II) chloride and iron(III) chloride, respectively.

FC T2 Fej 3
E\\ZO. What do the Roman numerals in the compounds described in Question 19 indicate?

™ (ha;é,l of The coLtren
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21. Fill in the table below using what you've learned from Model 3.

Compound

—— D ————
._“

CIarge on Cation

Name of the Compound

PbCl,

I)b4+

—————

e e —

Lead(IV) chloride

e

I:m(\_?_o_&_lﬂ.__

BEYA (:“1 CridL |

— -

(o

10myd ¢

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.

Metal forms

only one ion

Metal forms

multiple ions

Name

e

2 ca\wm  Domi Ax

e e et 50 i

fi |

muam'\um OXi AL

NI (IR S B

e () Cnlo e ]
) l Copper )C' §jf\\)0“LL \

po’ms;t_gm phos p\\\ i

SnClL ) S N
CuF, Co
K,P Y
Zn,N, 2N o Z\0C
HgO e (Ut

NV d e
\1 :I) Ox 1d & I
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Name

Date
lonic #2 WS

na mpounds — containing metal with nonmetal

Name the following:

| , Write formulas for the following:
| Eag —S0Qwm Hlenle 11. aluminum chloride AICI3

oy MR IUNNTV NS 12. lithium sulfide _Lay
- LIBE Wiy eoeny d & 13. calcium phosphide Coaz Py

2
3 \
b CoCl, i Comn ool Ly leium phos N
. 4. barium fluoride Ba F
2' ngs: DAL UM Sl 15. potassium oxide 20
2
7
8
5
|

. bav IV Hluor Ly - 16. sodi | _.L_‘__
‘ . um bromide 0 Br
. Na,S xodiy SUl T 17

=L 1 X2 . barium nitride BazN >
- Mgl,  mpantSivm  jodide 18. lithium oxide Li 20

-0 gﬂ; CIASI UM DT g 19. aluminum oxide Ala03 |
-bese _heylhum tien,qa 20. rubidium iodide _Rbl

Binary Compounds - containing transition metal with nonmetal

Name the follo

WIng: , Write formulas for the following:

1. CuCl _MM_QM_ 11. mercury(Il) sulfide Ho O

2. CuCl, CO DN \\ C\n OiQs 12. copper(I) nitride ___(ﬁg\z

3. FeO L al || Q- 13. 1ron(III) bromide Fe We

4. MnS NONANG S E (1) Sulic 14. mercury(I) oxide a 2

5. Cr,0; Orwomhum (1) g qur 15. silver fluoride ?%;

6. NiF, N _.\LC\ LA Huonda 16. copper(II) oxide Cd

7. 5nCl, _ Tyn (W) (hilonide 17. chromium(III) iodide CrIa

8. Ag,P SHINCA DNoS Ph 14 18. nickel(II) bromide N ) B 5

9. ZnS 20 Su)hds | 19. tin(IV) sulfide INNa

10. HgCl, ™€ uiy (| \ 0i|C 20. zinc oxide 2n0

Compounds containing polyatomic ions
Name the following: Write formulas for the following:

1. BaSO, UM ) 11. aluminum sulfate Ala(%q)s
(NH),CO,_ammonivm Carbonap 12. zinc nitrite ZN | N0a)a
Lizso3 HHhiym Sulﬁ 1€ 13. magnesium chlorate _ﬂ%( ( l0i}_)a
CrPO, (mom[um[ m Ph0§ Pbgfe 14. sodium bicarbonate ,C y
NaC,H,0, adium ccélake 15. calcium hydroxide Ea i OH)a

Ba(OH), barivm hydiekide 16. copper(II) carbonate Cu(03
Fe(NO,), Tron (i) § ﬁma € 17. ammonium sulfide l NH9) 2 S

KCN Y1asSidMm  (yani 18. 1ron(IIl) acetate Fg! Ca ﬂ’:Oa\s
SrCrO,__ strontivm 2hr0m(l H 19. lithium sulfite La 0

0. CaCr,0,__CliCium dichromu 20. strontium phosphate Sr 3]903»\ -\

]




c) tin (Il) fluoride AN Fg
7 lithium hydrogen sulfate L ﬁSOq
g) barium hydroxide @01 ( OH\ o~

6. Name these compounds.

a)ZnS __Z\N( Sutfide
c)NaClo, _Sgdivi Chlar i3
e) Fe(C,H,0,), Twon (1) ncelare
g)ca0  (alaivm oxide

b) potassium sulfide \Qa %

d) calcium iodide (& L 2.

f) chromium(l1l) nitrite @ki;w_' CY(NO«?‘B%

h) sodium bromide _ NG, s

b)BaO _ banum ex1de

d)sno, _ Tin (WY ox1d

nK,Cro, _ YofasSium chiomate.

h) Ba,(PO,), _ Davium Phos phate




Compound Practice

Part 1: Labe] €ach of the f | ‘ g:{g:e:

e Ollowing as Covalent (C) or ionic (1), and fill in W for each

1) sodium bicarbonate I\ Na (O o

2) magnesium sulfate Al M% Yy

3) lead (IV) sulfide l P‘b S 2

4) phosphorus trichloride C P( ,\ 3

9) copper (1) carbonate 1 \C—\)&L_

6) tetraphosphorus decoxide

Pulho
CaCla

20(N01)3
MW T2
N O

7) calcium chloride

8) Zinc nitrate

9) tin (ll) iodide

10) nitrogen monoxide

11) sodium nitrate
12) dinitrogen tetroxide

13) titanium (IV) oxide

C
I
1
3
L
1
C
Y
14) phosphorus pentabromide C PBrg
xI
g
C
C
5y
1
3
1
31

15) iron (lll) selenide

16) aluminum chloride

17) nitrogen dioxide

18) carbon tetrachloride
19) cobalt (Il) iodide
20) Francium phosphate

21) Lead (IV) chromate

22) magnesium acetate

23) silver bromide
24) chromium (II1) nitride 1 Cr N

25) potassium acetate




Sk ey ( % i for each
Part 2: Label each of the following as malecular (M) or ionic (1), and fill in the name
compound.

26) Al(OH)5 ) pluninunn hydioX! U

27) SICl, T _ Shontiom hlonidr
28) NaBr 1 Sodium oM AL

29) $:Cl L dsufor dichlonde
30) LisPO, 1 MML—
3 22700

32) SO, C Sihicon  HHOK AL

\33NINO=_ N\ N LN N SN AN N\

34) Cr(C2H302); A Q:\\\Ommm(\l\\ \(tiate

35) Ni(HSO,), 1 NAZd (\\\ \\g&m%cn solfake
36) Li,COx 1 \hium (i bonate

37) Cu(ClOs), ! COppec (1) eicthlomtt

38) CsF ik e Tluonide

39) KOH 1 — DoVSSlum  Iwdiekide

40) (NH.),SO; L ___ommeniuvm soifite

41) MgSOs T MAGNESH om SOM; Ye

42) 1Br C Tod e Hihomdo

43) SO; C wWifur oy de

44) HgO J. mer cony LHY oxyd

45) AgNO5 1 Sivee ke

46) FeCl, 1 Tion (1) (oo de

47) Cr3(POL); p Y nominm (1) phosphyte
48) CuCl, 1 DA, oopee (U C\\\Ol.l(b_
49) NaNO, 1 _ sodu nwive

50) BaCOs 1 D Gven  (nbona

4



Naming Acids

> g . . » >
What makes an acid unique and how are acids named:

Why?

A variety of acids are used in food:s, industry, and research. Acids are covalently bonded mol.eculoes, bU(;_
when they are put into water they produce ions. One of the ions produced is always H*, \’\fthh lmmg 1-
ately combines with a water molecyle to form the hydronium ion (H,O"). The H,O" ion is what defines

substance. Because of their special classification, acids have a naming system
different from ionic or other molecular (covalent) compounds.

Model 1 - Binary Acids

| aad [ Nemeofuidin

I. Complete the cation and anion columns o
on the ions.

.
.
-
-

2. Why does hydrosulfuric acid contain two hydrogens?
Decae Sulfur's ion hay a V\Laaﬁ e Q. chag,z_

3. Look at the formulas and names of the binary acids in Model 1.

0. What suffix is used at the end of the name for all binary acids?

1C

means “two.” Propose a reason thar the acids in Model I are all referred to as

4. The prefix “bi”

“binary” acids.

therc are On\y @ types of elemends

S 5. Write a rule for naming binary acids.

m&ro — Y& arid

A

Naming Acids




Name OfACld in : .
n Aqueous Solution Cation (+) POlyam?:;C Anion | P °1Yat§mic Anion
dimne
e T B T Y Yl N

Sulfurous acid m =
I T B W I Y R
m Phosphorous acid H. O D m

% Nitrous aCid

~

€

6.

F

8.

Phosphoric acid

®
HaO?
Nitrite

osloena (e

Carbonic acid

)
C
-

d Hal*

Look at the formulas of the ternary acids in Model 2.

a. How are ternary acids different from binary acids in their structure?

Noxe e Than @ TNpesot elemdts ( contain
Polydizm IC on3)

6. What number do you think the prefix “ter-" refers to?

* o denments

When ternary acids are mixed with water, ions will form. Fill in the table above with the
formulas and names of the anions.

Examine the pairs of ternary acids in Model 2 that contain sulfur, phosphorus, and nitrogen.
Each pair has one acid that ends in “-ic” and another that ends in “-ous.” These endings are

related to the name of the polyatomic anion found in the acid (“-ate” or “-ite”). Complete the
statements below with the correct acid name ending.

Polyatomic anion ending is “-ate” — acid name endingis _ | C

Polyatomic anion ending is “-ite” — acid name ending is _()O > .

. If the prefix “hydro-" were used to name a ternary acid, what problem would this create when

naming HClOa? .
We (00\6(\"’ WAl v dh[/fff)(L b N HC) + HCI 2

310. Write a rule for naming ternary acids.

a6 = ____ ¢ acid

W = ous acid

11. Predict the formula for chlorous acid.

H Cl0,

12. Circle the acid(s) below that would be named beginning with the prefix “hydro-.”

HsO, [ HE @ HCO,  HNO,
(

2

POGIL™ Activities for High School Chemistry

4




Extension Questions

Model 3 - Halogen Oxyacid Acid Families

AT st
GO, | Pt
m Chloric acid
m Chlorous acid

m Hypochlorous acid
N\ HBO___ T~

B BTG
W[ oy o

Hydroiodic acid _
Chlorous acid m
Thogherercd | s
Sulfurous acid m

Naming Acids




Naming Acids Worksheet

Name the following acids

1. HCI  "“wdwchlane 6c1d
2. HCIO, (Ch 105 C CI(Id

3. HIO;  yodic acid

4. HI Ny dro10d 1L A d
> H804 gy funic acid
0. HoS  nydresulfuric acd
7. HCN  cyanicacd

8. HbCO; cQuboni¢ acld

10.HBrO; fxomic acid
11.LHC;H;0, Q(ehe a0d
12 H;PO;

13.H;P dephmpbm pe QcC1d

14.H2CI‘O4 Ch oM 1L Q\(,\C&
X5.H,CrO; ‘
16.H,Cr y\\,d(o chromi € QL o

Give formulas for the following acids

E

17.hydrofluoric acid R F
18.nitric acid HNO 3
19.nitrous acid H NOjy

_periodic acid
2 percarbonic acid

22hypobromous acid
2%bromous acid

24 permanganic acid HMn Oy
2manganic acid

)Kiodous acid

27.sulfurous acid 2SO 3
28.sulfuric acid riaSOy
29.perchloric acid HCV10y
30.chlorousacid (IO 5
31.acetic acid RCaHk0 5
32.phosphoricacid 113 POy

%hosphorous acid

\V,

Block Name

_—




Naming Acids and Bases

Vo NaOH__ Sedum hwdeexide

2)  H,SO, sWhureus acid
— Su\ueus geid

O HS__hwdwsotfue acld
Y HPO__ phosphoric oiid
) e Ompgora
6)  HCN ngﬂ\t acd

7)  Ca(OH), (il Clum hydiox ide

8)  Fe(OH)___ Tvon (1) hydroxid e

9) H3P I}\‘ﬂlg P\\OSQhr/nc OL'\A

Write the formulas of the following acids and bases:

10)  hydrofluoric acig H \-
-_—
11)  hydroselenic acid ﬁ 3 €

_—

12)  carbonic acid E! EYVe 2

13)  lithium hydroxide Ly O H
-—
14)  nitrous acid I N 0>
-_—

15)  cobalt (1) hydroxide 0(0 H\ 2
16)  sulfuric acid Mﬂ\

17)  beryllium hydroxide 6(. ( ¢, H\ H
—_— s OO

18)  hydrobromic acid \"\ Br"

For chemistry help, visit www. chemfiesta.com ‘ © 2007 Cavalcade Publishing, All Rights Reserved
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// Compounds Review

/’ Honors Chemistry Name:

Date:

‘ 1. W) * . .
q{ ’1 rite the formulas for the compounds formed from these pairs of ions.

Ba**, CI BaC) p K* Br 4 Br
, Br
Aot T -
g, /\%l AlS O Ab@_,)
Ca*, §* CQ S Fe** , O% Fe O

2. Write formulas for compounds formed from these pairs of ions.

NH,", 50* ( N ‘-*\ 3 NS Barium ion and hydroxide ion
o | Ba(cH) 2

K%, NO, CNO 3 Lithium ion and carbonate 1on
Lia (O3

3. Name the following binary ionic compounds.

78 MnO, !,\J\cmc)ar\l% DvYoxide K,S pofassiim vl fide
LLN o Tt AL CuCl, COPP“( ) chicrt e
StBr,  Shoatium loromi AL SnCl, Lyn L\\i\ chlon dae

4. Write formulas for the following ternary ionic compounds.

. \ .
sodium phosphate ~ NjGx 3 PO - potassium cyanide Y.CN

magnesium sulfate )\ 8 Yo, = ammonium chloride NVuC\

sodium hydroxide NalH potassium dichromate Y - C () )
J




KO, petlsium (Wihond e £

FeCl,  Ton (i) chio da Cu(OH), cvpper i) hydiexid

LINO, Liriiony N Fra ’{.

6. Name the following molecular compounds.

5 PNoS Phoruy pema WALTE
Ca, Cabuny teha thie 4y

. XeF, yengn afluor (4

Si0, s\ (0N diox)di

NO, n'»ho%en oo KL CLO, dichloting. heproXide

7. Write the formulas for the following binary molecular compounds,

nitrogen tribromide N 8( 3 sulfur dioxide % O 3

S\
dichlorine monoxide C\ &O dinitrogen tetrafluorige N o\ - Ly

8. Give the name or formula of these common acids.

HCl h\,dmch\ouc acid

H,PO, Phusphati acid

9. Write the formulas for these compounds,

aluminum sulfide Iof \ 5 d 3

tin (II) chloride SN C) 3 ammonium fluoride Nt{y F

dihydrogen monoxide '\ 3O

nitrogen trioxide NO 3
magnesium oxide M 4 (

(jo iron (II) phosphate Fe i\?Cq\ 3




phosphoric acid H 2 PO L‘l

nitric acid \—\ N () 3,

0, PO‘U“Q\&‘EP‘\ ate A0, olgminom hydrexide

NaHSO, Sodiy HgO /\u/tcuuf( ll\ Cx 1 L
h‘id‘“j‘“ Su) tu e

N05 din o NBr, mho%@n iibom e
pentox 1 4o

P, S ospro(us (NH),S0, ammonivm Syl fa

+riodidi
\Weal
r




