Why?

Polyatomic Ions

Can a group of atoms have a charge?

KE

Do you know you eat a lot of “-ates”? Next time you look at a food label, read the ingredients and you will
likely find a number of ingredients that end with “-ate,” such as sodium phosphate or calcium carbonate.
Did you ever wonder what the chemical formulas of these ingredients look like? In this activity we will
explore polyatomic ions, which are groups of atoms that carry a charge. These ions are found in our food
ingredients, natural waterways, and many other chemical compounds you encounter every day.

Model 1 — Types of Ions

Nitride Sulfide Chloride
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1. UseModel 1 to complete the table below.

Name of Ion Nitride Nitrate Sulfate Sulfite Ammonium
Charge on lon ) -1 -2 =z |
Type and 3 nivpgen |\ n'\“"ro?)eﬁ t suybur | atvoaen
Number of ‘ﬁé—ﬁ s 41 05)1(1 lﬁgn )?A 3 -
Atoms 3 oxMaRN ve 3 exy ey | & hﬂdmf)e“
Chemical D - _1‘ 5 . w
Formula N NO 3 Sy ok, NH “
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2. Consider the terms “monatomic” and “polyatomic” as they are used in Model 1. Write a
definition for each of these terms. It may be helpful to break the words apart (i.e., poly —
atomic). Make sure your group comes to consensus. —

Monatomic— mode “p of ore ctom
Polyatomic— made up of moe daon ore oom | eneny oYomns

3. What types of elements (metals or nonmetals) are shown in the polyatomic ions in Model 1?
nonmetals

4. What type of bonds (ionic or covalent) hold the atoms together in polyatomic ions? Explain your
reasoning.

Covalent,  covalent ponds hold Hwo apomelels Yo SQ-\AOQV

5. The net charge on a sulfide ion (S*)is—2. Explain how this ion obtains its charge. Your answer
- should include a discussion of subatomic particles.
sufur  condans b ?ﬂ)‘\o\ns (ctoen e \'\umbq) ond @ wewtcal
odom  wonld  contain b elechons. Te  Gapl (valence) S\l would
Bbreed 2 more elechoNS” To have o Kl ghel) AT C(eqs\ﬂg
aumbes of elecdrons 4o 19, b posthve CX\GV%QS 5 ﬁego:\-\\}e 2= =g
6. The dotted line around each polyatomic ion in Model 1 shows that the group of atoms has a
charge. The charge isnot on any one atom, but rather on the group of atoms as a whole. "
Based on your knowledge of monatomic ions, propose an explanation for the net charge on a
polyatomic ion. Your answer should include a discussion of subatomic particles.
?c;’\\:)cﬁom'\g ons are bound 405@&*2\’ oy covale™ bends  wWhich S
a Shanng  of electtos, & ¥ e cverall  Coumt of elechons
5 Mo Fnon de overal optons, dew wi\ ave « mec)c:\%\ue dnaxeg@
7. What are the similarities and differences between the nifrate and nitrite ions in Model 1?
LS boih made t\a of r\\%\-gge.n and Oxgen atoms , Same cX\QrSQ Q)
' ' > attrate Yos 3 c:xsgex\g ‘7 adale has 2

8. What are the similarities and differences between the sulfate and sulfite ions in Model 1? )
(s betn  made L-.:\p f sudbur and Ongen ofoms ) same dnarge G2
> Sulphake hag 4 oxens sulhite has 3

9. The “chlorate” polyatomic ion has a charge of —1 and is composed of one chlorine atom (the
central atom) and three oxygen atoms. ‘

a. Draw a model of a chlorate ion.
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b. Write the chemical formula for the chlorate ion, including its charge.
C\O3'

0. In your group discuss what “chlorite” would look like.

a. Draw a model of a chlorite ion.

b. Write the chemical formula for the chlorite ion, including its charge.

C\QL"

Model 2 — Common Polyatomic Ions

1+ 1- 2— 3-
ammonium NH,'" | acetate CH,COO'" | sulfate SO,* | phosphate PO,
hydroxide OH'- | sulfite SO,
nitrate NO,!" | carbonate CO”
nitrite NO," | chromate CrO,*>

bicarbonate ~ HCO,'"" | dichromate Cr,0*
permanganate MnO '
‘| perchlorate Clo,
chlorate Clo, "
chlorite Clo,"
hypochlorite ClO'-

11. What is the only polyatomic ion that is a cation?
CNH ‘f
12. How are bicarbonate and carbonate related?

both contain  COg3

13. Predict the chemical formula and charge for the bisulfate ion. -
HSO,"

14. How are chromate and dichromate related?

bot cortain Cr and ©
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15. Bromine forms polyatomic ions with structures similar to those of chlorine. Using the chlorine
family of polyatomic ions as a model, predict the name of the BrO, '~ ion.

PQY rom Oc\’e

16. Identify the polyatomic ion in each of these ionic compounds. Write out the name and formula
ofthe ions including their charges.

a. CaCo, b. Mg(OH), ¢ NHCI
laym eatnale mogresium hydide  Spmemeatinchionide
Co ™ (g M%Z* on™ N\—\\: C\~

Model 3 — Ternary Ionic Compounds

Compound Name Ion Symbols and Charges Chemical Formula
Ammonium phosphate NH,” PO* (NH,),PO,
Barium nitrite Ba** NO - Ba(NO,),
Ammonium sulfate NH," . SO (NH,),SO,
Aluminum carbonate AP CO - AL(CO),
Iron(IIT) hydroxide Fe* OH"" Fe(OH),
Potassium nitrate K" NO," KNO,

17. How areternary ionic compounds in Model 3 different from binary ionic compounds (NaCl,
MgO, CaBr,, etc.) that you've seen previously? Hint: Consider the meaning of the word
“binary.”

They have wore ¥han “we types ot elements

. Consider the coﬁpound iron(III) hydroxide in Model 3.
a. How many hydroxide ions (OH'") are combined with an iron(III) ion (Fe**)?
Fe(on); 2 o
b. Is your answer to part a the only combination of iron(III) and hydroxide that should exist in

nature? Explain. Jes. T s a combimina oo Qc;r\ui o 3 ond
ox ‘(\&S A combinn @Pc@ of | Only

o4 wd
19. Consider the compound l%rlum mtrlte in Model 3. Ne chE‘ \esS-

a. What does the subscripted “2” inside the parentheses of the chemical formula tell you about
the compound?

Ba(NOTz) 2 +\ﬂ€r€ Qxe 2 Osc:f}ens
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b. What does the subscripted “2” outside the parentheses of the chemical formula tell you about
the compound? -

Ba(NO,), drere are twe NO, lons
T

20. How many atoms of each elemént are in one formula unit of ammonium phosphate, (NH,),PO,?
nitrogen hydrogen phosphorus oxygen
3 V2 i <}
21. A student writes the chemical formula for the ionic compound calcium hydroxide as CaOH,.
a. Write the chemical formula for each ion in the compound.
= Hydroxide: OW'

b. Why is the student’s chemical formula for the compound calcium hydroxide wrong?

Calcium: Co

. ‘?t:\"(jofr brackets aound hudroxide
- subscapt 27 gudtsde of \ovockeds

22. Many of the chemical formulas in Model 3 include parentheses. Which one of the following rules
summarizes the appropriate use of parentheses in ternary ionic compounds? For the three rules
that do not apply in all cases, show at least one counter example from the chemical formulas in
Model 3.

Parentheses are used around any ion that is used more than once in a formula unit.
False ex B} A\ (O,

Parentheses are used around any polyatomic ion. o i
v =L

e e <
‘:CL\ se ex. KMO 3

Parentheses are used around any polyatomic ion used more than once in a formula unit.

True

Parentheses are only used around polyatomic anions used more than once in a formula unit.

False  ex: (;S,H_q)EPO 4

23. Write chemical formulas for the following ternary ionic con?i;ounds.

a. Calcium sulfate b. Copper(I]) nitrate c. Lithium phosphate
C&SD-—] CU\CMO“‘D z U;poq
d. Potassium permanganate . e. Aluminum sulfite f Magnesium bicarbonate

K M0y ALED,); Mg(,HCDDz
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24. Name the following ternary ionic compounds.

a. BaSO, b. NH,NO, c. K.Cr,O, -
banum  suitate conmonium  rTade pota ssium Achomoke
d. Fe(NO,), - e Mg(CH,CO0), £ AL(CO,),

aluen hum € avrbonadte

won () nitole magnes\ um acetate

Extension Questions
25. If youwere asked to go to the chemical storage area and retrieve a bottle of “sulfate,” could you
do so? Explain. (Assume you have permission from your teacher to go into the storage area.)

\jDu can %ﬂa\ \OOH\QS O“: Oovnpoumds ox ao\ueous

\M 3 ¥ N
soltions %ﬂh\n\ﬁs S\,L\\)\(\OL-\Q bud oY on s oo

Sulphate s wnstoble and eottive on #S owea
andk  musSt e  Ccombined wh o cetion sueh

as CaSOq, .

26. When asked to classify sodium acetate (NaCH,COO) as either an ionic or covalent compound, a
student responded with, “Sodium acetate is both ionic and covalent.” Explain why the student
N

gave this answer.

e No ond CHz(DO~ ae  ound ‘\’0{36:*?\6( Oy
on o bond ot dhe g)okj&‘rom"\c ton, CHQC0"

o \ngld ec \o\)‘ covaleat bonds as all the

ofoms  in 3CO0T ae nonmedals. O 0007 acks
as o 5\(‘%\5 nonmental i dhe oae voad

i de medal Nt
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