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Instructions:

= This recitation worksheet is a review for Exam One.

= Exam coverage: 16.4-16.5, 17.1-17 .4

= You do not need to submit it to Gradescope.

= The answer key has been posted with this worksheet to eLC.

* The recitation session during the exam week (November 18— 21s!) is still mandatory. Your
attendance will be recorded.

= A periodic table and formula sheet are attached to the end of this worksheet.




1.

What structural features of a molecule may affect the pKa of an acid?

E

A. Electronegativity
B. The strength of the bond to the acidic hydrogen

C. Inductive effect
D. Resonance dstabilization
@ All the above

2. Which of the following acidity relationships is true?
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4. Which of the following acids will be the strongest?
A 2SO4 B) HSO, C) H,SO, D) H,SeO, E) HSO,-
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5. For which of the pairs of acids is the stronger acid listed first? (Select all that apply).

(A HlorHCl I & Joegr A 2122 oo~ el
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6. Which of the following acids will be the strongest? O
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7. Predict which one is the stronger acid of each of the following pairs of acids? ad’mﬂ"ﬁﬂﬁ
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8. Arrange the following binary compounds in order of increasing acid strength.
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9. Rank these molecules in terms of decreasing basicity (strongest to weakest base):
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10. Which of these species is probably the weakest acid?
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11. A solution is prepared by dissolving 0.32 mol of CH3CH2NH3CI in 1.00 L of 1.5 M CH5;CH,NH,. If 10. mL of
0.11 M HCl is added to this solution, the pH of the solution will slightly because the HCI reacts with
the present in the solution. v PO &
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12. |dentify the false statement regarding a solution that contains 0.20 moles of hypochlorous acid.

C

baw
A. Adding NaOH Will increase the dissociation of HOCI, and decrease [H*]

B. Adding HCI will decrease the dissociation of HOCI and decrease [OCI]

C. Adding NaOCI will increase the dissociation of the original HOCI, and will increase [H]
D. Adding NaCl will not affect either the dissociation of the original HOCI or the solution pH
e Mbo L da racd eaH HgD* ome HOCL e Hnl Hio* oce Corpurmedd -
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13. What volume of 0.80 M HCI will be required to titrate 36.2 grams of NaBrO to the equivalence point?

G A. 150 mL ¢ Prric Sk (Lol ba)
B. 308 mL Hel (29D +NaBrO(ag) — Nadl + Hé&O
C. 381 mL At Quivokens @it ¢ KW
q «MQM’“"“ ‘¥ ms] Na &D
D. 258 mL Py 56-23MB¥0X‘
E. None of the above D _ D-%?uh 3214 = 113+ 839 NateD
o
D Vol B B A . 2041483 14 = 220 50342
0 F0 xS ~ 381l



14. To 60.0 mL of a solution that contains 0.80 M NaF and 0.80 M HF was added 20.0 mL of 0.40 M HCI.

Calculate the moles of HF and the concentration of HF after additior: Buifer Vswor an'd -
e sl wd b‘d
A A. 0.056 moles, 0.70 M lens"C Sour
B. 0.056 moles, 0.93 M
C. 0.048 moles, 0.60 M
D. 0.040 moles, 0.67 M
E. none are correct.
o F
HU (o) + NOF Cag) —p> Ned (o) +HF Gy
Inikal |0-000 | 0:043 | © 0:043
Chume |-0.0080 |~ 0.0030 | +0.0080 |+D 0080
Final 0 0040 |o.c0g0 |0.0S6
@ CHF] = 0-DSé ar§] X |°°DML = 0-F0M
(6o-0 + 20.0 )anL IL

15. TRIS {(HOCH,);CNH,} is one of the most common buffers used in biochemistry. A solution is prepared by
adding enough TRIS and 12 M HCl(aq) to give 1.0 L of solution with [TRIS] = 0.30 M and [TRISH*] = 0.60 M.
What is the pH of this buffered system if the pK, is 5.927?

A.5.92 oH = PEb + Jo CrafHY)
¢ P P 5 CTRISI
B. 6.22 o
. POH =5.92 + !Loﬂ -CO/_
C. 7.78 Co-203
D. 8.08 = 6.22102994¢

fH= 1300~ 622 =F-38
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16. All of the following solutions would be considered buffers except  Lygupe. bt b
B A. CH3COOH/CH3COO'.

(B) NaCI/HCL Shory and k WIS &)

C. H,PO,/HPO,”.

2 3-
D. HPO, /PO, .

17. These pictures represent solutions that contain a weak acid HA (pKa = 5.0) and its sodium salt NaA.
Unshaded spheres represent H atoms and shaded spheres represent A- ions. (Na*, H30O*, OH", and
solvent H,O molecules have been omitted for clarity.)
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18. Which titration curve corresponds to an initial pH of 10.7 and an equivalence point at pH = 4.5?

O

19. What is the percent dissociation of glycine if the solution has a pH = 8.60 and a pKa = 9.60? 2.5I) ®

)
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A. A strong acid to which strong base is added

B. A strong base to which strong acid is added

C. A weak acid to which strong acid is added

D. A weak base to which strong acid is added

E. A weak base to which strong base is added

A. 50
B. 9%
C.5%
D. 1%

= 9.090909085

oAk

HA

O na e+ Hyo i = A~(aq) + Hz0* ()

o

Inikol| Y -
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Y= 2.%480%S 632 x10~8 ¢ 9.8 xI0”°M

axnd. ~hador

-9-60

ka - s} e

364 2 x10

$70-8%0 4 51198 6a3x™°

20. Twenty-five milliliters of 0.10 M HCl(aq) is titrated with 0.10 M NaOH(aq). What is the pH after 15 mL of

NaOH(aq) has been added?

E

A 14
B.1.2
C.1.0
D.2.0
E.1.6

® Hate) + Nadt (4q) — Nacd+q) + Hyol)

TInikal | 0-0025 | 0-0015 0 —
Chume|-0-001S |-0-00lS | +0-6015] —
Final |0-0010 ) 00018 | —
J J
J}yv-na aad Neylxl §aur
@ Nyo mdavty S Hd = 00007 ool
(25 +1SOmL T

=0.095M
® pH: —log [p-025] = }+60

8

-lo



21.In a titration experiment, it was determined that a 50.0 mL sample of HNOj3 required 66.0 mL of
0.80 M NaOH to reach the equivalence point. What was the molarity of the HNO3?

C A.061M A+ e‘“uwc& f’D"*’
B.0.86 M s € HNOg = o &) NaoH
C.1.06 M
) endao 6 NaoH * P
D.1.24 M 0- $0 e\ ¢ bb0aL = 00523
E. none of these are correct looD L
2) Molinty &) HNO;
00523 !320““"
50-0 ML L
1.056 w ho6M
o Aud
22.HN; has Ka = 2.0 x 10°°. What is the concentration of N5~ in a solution that is 0.50 M in HN; and 0.40 M in
HNO;? O HNOg coq) + HOU) — NO3™ (a7) + Hg0* (oD
3 0-40M 0-4oM 0'40/’:/'_
A A.3.5x10 HNg () + Hool) = Ng~Coq) + Hgo" ()
B. 25x10° 5
.1, . — 0.
C. 2.0x 10% Lnitial | 0-50 40
- — L &
D. 8.0x 10° Chome| —% el
E. None of these are correct Equbbing 0-G0-%) — x© 0-4o+r
@ ka= CN3-ICHZ0Y) . 9px10-5= C1) Co- 200
CHNJ c Co-s0>%]
‘e 2 SXI0T %»
- leo
s ”3
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23. Which combination will give a pH of lower than 7.00 at the equivalence point?
. 8 and e wealke
A A. HCIO, + NaF frrorg asd +  poye s&r (¢ ( ov bost Sauk)

HNO;, + KOH3Ho™y 442 + fhrorg kar (=3)

NH,CI + NaOH AGic S0t + dhomgbat ()
9

HF + NaOH reak.and + Sworg b (7%

None of these are correct

mo o o



24. Which is a net ionic equation for the neutralization of a weak acid with a strong base?

droraaud  Shroy bant
A. HBr(aq) + NaOH(aq) = H20O(/) + NaBr(aq) e
B. H,0*(aq) + OH-(aq) = 2 H,0()) @ pep i, €} oy aeid e Shery
C.HF(aq) + LiOH(aq) = H20(/) + LiF(aq) jotcd ¢ ™mo
D. HF(aq) + OH-(aq) = H,O(/) + F-(aq)

D

B wifer
25. What is the hydronium ion concentration in a solution prepared by mixing 50.00 mL of 0.10 M HCN with

50.00 mL of 0.010 M NaCN? Assume that the volumes of the solutions are additive and that Kg = 4.9 x 10"°
for HCN.

A 49x10" M
G B. 49x107°M
C. 49x10° M
D. 7.0 x 10% M
pH = pra+ Log Cend
cHeNd
CHOND= 0105y 5p.00mL= 0:0060 %1, jeoomal
looomnl 100-00 aml L
= D.0SO6M
Cen-J= 0-010™= | gp.ppanl = 0:00050 . |phoanl
|00 ML 10D -00wL 1L

. PH,: _(pg £4'¢Txlo—40)+,Loa CO'OOSDj
T pH= 230430392 C0-0503

-9 &l
: Chgotde 10757 = 4.ax10TH
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26.

e

titrant —m titrant —» titrant —» titrant —»
(A) (B) (C) (D)

l. What is the characteristic pH-titrant curve for the titration of a strong acid by a strong base?

6

Il. What is the characteristic pH-titrant curve for the titration of a strong base by a strong acid?

C

M. What is the characteristic pH-titration curve for the titration of a weak acid by a strong base?

A
27.Phosphoric acid is a triprotic acid, ionizing in sequential steps: ko) (eves HPV
_ Nadk - neaK
E
H;PO, + H,0 = H,PO, + H,0* Ko aud -
2 ? w‘l\Pl" “H“-’
- 2- d;’ oH MJW‘-Q)
H,PO, +H,0 5 HPO4 +H,0* @ (oAt
2 3 Kag \’Po 3 He
HPO4 +H20 5 PO4  + H,0* :

..am’, ko>
Which equilibrium is most important in determining the pH of a solution of sodium phosphate? bery

2-
2— 3— l “ D4
A. HPO4™ +H,0 = P04~ + H30* [ wast and) -+
i undF 00
B. H,PO, + H,0 5 H,PO, + OH WESCHILL S
C. H;PO, + H,0 5 H,PO, + H30* n- o b7
— 2- (6] ‘
D. 2 H,0 = H,0" + OH- 9043 co) FHO W= KO gt P e
(E) PO,” +H,0 5 HPO,” + OH v . Lo e aetin”
o> 4o deter i Ko



Beter

28.What is the pH of a solution prepared by mixing 50.00 mL of 0.10 M NH3 with 20.00 mL of 0.10 M NH4CI?
K, = 1.8 x 107 for NH,.

NH = a). 00mlL X 0:10®]
9.65 |CNHI looml ¢ 1000l _ 59914085 FH 43 M
(5000 + 20.00) amL e

0.09_35?-14;2!5%

2 L X0 loms) =

NI 2000 oo, K00
poH = pEb+ Log TNHY* = _|,g (18 ¥10"E) + Log [0:027]
CNH23 Co-0H)

= 4.9 48 F3F436 5
© pH= 14:00-4:35 = 4.6
29. Solutions of sodium salts of the aéds in the table are prepared with an initial concentration of 0.500 M.
Which solution will have the highest pH and be the most basic?

o Acid  pKa o e dope He Pl He ke to
Syt €—HA 400 and -
acd

Wedao
(& =) HB  7.00
HC 1000 ote N?W"d&\o

&N“jﬂd’ (mesledk <4— HD  11.00

bot
and
A. NaA 66
B. NaB ¢
“ 0o anot MNO M
C. NaC fw e

NaD

E. All will have the same pH because the concentrations are the same.

30. Which of the groups, A-D, consist of salts that all form basic solutions in water?
AR, ﬁ‘iﬂ"é‘N KEBBCH,, ks
(D) d'ﬁ bniC avdc, naC
B. NaHCO;, NaF, NH,ClI, Na2803
C. ﬁ%‘;&os,’%JNa%boH;,, NH4CI
.NaZCO3, NaF NaOOCCH3, NaCN
E. All of the above.

12



31. Which one of these is correct?

. ' v bare
_ 1-lle Loryagsly
A K,SO; is a stronger base than KHSO;. Kt fl‘\ rewysAl & ﬁ)‘gs}b H¥og~

B. Na,HPO, is a weaker base than NaH,PO,. HPOQV‘; He onyugate b2 + '-h{b"

~ b HCog™ (ancid)
C. K,CO; is a weaker base than KHCO,. (p3* ~ i “He Lovyugtc S néx oo
o Sy Aedl Detin

D. NaHSO, is a stronger acid than NaHSO,. 183y~

an~ne O‘Iﬁaé
E. All of these statements are correct.

32. An aqueous solution of an unknown acid had a pH of 3.70. Titration of a 25.0 mL aliquot of the acid solution
required 21.7 mL of 0.104 M aqueous sodium hydroxide for complete reaction. Assuming that the acid is

monoprotic, what is its ionization constant? —p» hseoll deidl .
Acoq) + Hp00) = ACar) + HeD (2D

2
£ % 1D
h-ax . Trigiot | 2033107 - 6 [ ©
LHt‘;';olp;; - Chume |20x10?| —  |2.oxwt|+2.0000" et e fron- ": %0
My X 35-Dwl= D: . vl oY = [20m04 20%012 1 g0tz 1077
- M= 9.0232310°3 |Bpuikr] Tobn — S ot GaarecontH
o kasCAICH0T o] (20 X100
CHAJ q.01 x107%]

aC
= y.41q 353 88+ x10? ;7 4y x107F

33. Which of these mixtures would result in a buffered solution when 1.0 L of each of the two solutions are

mixed. ad fau LS Lg&..aa.ls, kae @ "(:,O‘G"::?i— Naf(o) > HRﬂ?"'N"‘:D‘W
C A.0.2 MINO; and 0.2 M NaNO, .. moter Btes T 02 0-4 0
dhromg andt Wk asd  + qut abtor -0-2 +0.2 62
B. 0.2 M HANO, and 0.4 M HF c-0.1 N
Shromy aldh boas, weak DA%, o ; 0.2 O
C. 02M HNO, and 0.4 M NaF “:C > F - 5 L
O Sy bave . buple bon wpll
D. 0.2 M HNO, and 0.4 M NaQUng e s ™k & HeolD Sk Z?d '::.-""
(a3 ? HNOg () + Nﬁ” (2) > uug‘ tegd + 20 ~
0.2 ' +0:2 . e
- -0-
‘g 069_ D?:'Z D19 regleel SAlr

13



34. The pH of a solution of NH,C,H;0, is approximately 7. The best explanation is: , D
o reaBre (lok ot He eglaretbor b
NHy C2Hg0y © & Shrry “etrolyle

D A. This salt does not react with water.

B. Ammonium acetate is a weak electrolyte.
reces v@
C. All salts of weak acids and weak bases are neutral.M ae

" oo k. D. Aqueous ammonia and acetic acid have approximately equal ior)izati?:l constg*ltwc am b
ot Cobo . ~ four w0~ prodadt vieak- lone
oty ASE 1esYE B The salt is a product of a strong acid and a strong base. uRels acd)
b e ad) 4i=27s 2 peads wHh weks
. 14 4o me a boaC
Lok b Showd e Lovyusg ol acd <

by et T NI ‘
“{;au.— t‘f&mw;ﬂ. ":-a: o aLidic FohdTV

35. What is the [HPO42-] of a solution labeled "0.10 M phosphoric acid"?

.
-
.

[Kat =71 %103 Ky, =6.3x 108 K3 =4.2 x 10

© Hgfoy(ag) -+ HaO (D = HafO,~ (ad + '430"{:13 m‘m
- ca) + HO (N == HRO2™ (AN Hg0™ (21D
Hafog™can +Hyl ~ Pon® ) + 10 oD Kt
. s} 10°
bebooaary kot b Kad o grentes Pan A 4e2S \
@ I e outfreacs Fob P & oouticg rtnmeu Qobetier & prnaiplaie 4SP
s e 5 wppeoset o A Chptd - kag CHIYGT C4a6°)
o (Ha@ y -
* Kaye CHA0,2-D ~ C ol
36. A pH 4.88 buffer was prepared by dissolving 0.10 mol of benzoic acid (Ka = 6.3 x 10%) and 0.50 mol of
sodium benzoate in sufficient pure water to form a 1.00 L solution. To a 70.0 mL aliquot of this solution
was added 2.00 mL of 2.00 M aqueous HI solution. What was the pH of the new 72.0 mL solution?

6.3 xl0-%

L|66 % . ..('W‘amd L el 2ed b e weak bare i e bR
NO-O = dpdicw penorte
BH = bn28iC and (D pH = pia + Log ngﬁg -
O ket o .
BJ[ Y+ BH (2D 70
QO Naby) + HI > 1 = —log (6:3 £10-6) +dog Eo-o&}%
Tnikal | 0026 | 0-00400| O 2.0072 ORL

04
Churse |-0-00400 | ~0-00400 | +0-00400 | +0-004 00 = 4.65 65914

~ 4 .66
Final | 0.082 O |0-00400| 0:0112 4\1'
) LA & dowes e
dek Na&lN?Q-DML M”“ m Hq_—ﬂg,w .
og'o""‘  ¥2dnl € 0-036 ™ .;f,-fu adaifor. €} T J"’""U“"“"
lovo ML ol tle ey asd ?ww‘-rah'u.ﬂ
% Mole 3 BH in F2:0ml folugiomy ¢ By-te. ek btw-; %MFH c).M—he_
0-{0mS) ¥ 32.0 anl € 0.007%2 asd o pk'Dd/uup(
1000 L o buper & Jower:
¥ Mot & HI in 2:00mL folua®n ¢

200 a5 Y 200 =L © D.00400
t 000 -l

14



37.What is the pH of the solution when 52.60 mL of 0.35 M acetic acid is added to 22.08 mL of 0.20 M NaOHL
The Ka for acetic acid is 1.8 x 10°. Wtk guicl Shorg e

ou
© CHg oo (o) + NooH tomd —B> Ctg CooNa( ) + HOU)

24
# Moleo ) azhC asd’ Tnikot |0-0l3 [o-00u4 | O -
59..60enL X :35w%) Chume|-0-0044|—0.0044| #0-0044] -
locOmL Final | 0-014 0 0.0044| -
T 0-01%4| asoo \m
"0+ 004 4n9)
o ? t‘ff 0:20-5) @ ph = patdoy [CHIO™ = —log (1 gx10-€) +dog (25500000
a0 3m Tloooml [ tigeooH] e Co014m1 7
= 0-004416 = L‘glt\qszsqq _l'—o 0%‘3"
A Torgasd

38.A 0.500 g sample of an unknown substance was titrated with a 0.1 M HCI solution. Another 0.500 g sample
of it was titrated with a 0.1 M NaOH solution. The resulting titration curves are illustrated here. Given the
following possibilities, what is the sample? } dhrorg baw

¢ | A NaQy  pasic by
Z:i. co, Acidic /
 N&HCO, o i

NA~ toreo ' .
frow NoOH D. H.COs™ weok-24d \
(sro7) L‘NQE. There is no way to tell. <‘ 2
:' MW’ Volume HCI Volume of NaOH
100 2 Hlogtad . Wit
Cog (s + 72 ~ | be
Butfes
/\

39. Consider 1.00 L of a solution initially containing 0.500 mol ammonia (NH3) and 0.300 mol of ammonium ion

(NH4+). What is the pH after addition of 40. mL of 0.800M NaOH to this solution? (NH: Ka = 5.6 x 10719)?

G fhomg e ‘ tatre berdter
4.6 e Shrovekon Will be qpucali 2d Ly lle weakacd DapoT &

¥ O NHgt 0+ OHE,,—p> NHgow) + HOU)
SLinibrd  |Tnikat | 0-20 | 0-082 |0-600 -

Chune|-0.032 |—-00%2 |+0-08> | —
Final | 0-26% 0 0)532 -
~
Rl codugab ot
“"Wate _ lD) "’J"ﬂ
© pH=pha + dog THHT) = _ Log (5610

CNHG 5 - q.5¢2 58381\
« Q.650

Co-2637



40. Of the following substances, which one(s) will form basic solutions (select all that apply).
(Ho,CO3 Ky =4.4x 107, K, =4.7x 107", H2S K,y = 1.1 x 1077, K,, = 1.0 x 10719)

e NaHS  Cu(NOy), KHCO, NaF

A. NaHS, Cu(NOs),
B. KHCO,, NaHS
C. NaF only
D. NaF, KHCO,
@ NaHS, KHCO; and NaF
@ NaHS .
Nt Loreo froms NUOH ( divery bow) - pH Teed=0
= w an amiphgtic  dpewed ragts ™
Moo dndd BTy + o) = BOTEeD + %) kagtN !?
fox bt ST L)+ OUD 2 I (D FORTET) Kemmn
kpy~ @ k¥ tomo G Ok GVROED " Kp>ka bwic - Ep=10X10" 1 o g pow

Il ¥\o0-3 .
k¥ opt ool Ca 00z Cu.,L+ .« Bwad L.ﬁ:a MT’DJ ezl b
nphgtect | . frmo PRI v on '

K /T JeAC Pcuce R : m( o @wa«a3~f"'w

fo m[bia: 00y Tary + HOWDS OB Cp®™ N o em B4 bot €} HN
ka2 <43 oV
boe: Rog—¢ I+KhOod = | g () + OH- )
A o . | r'tyi:?:“ ] |ro)(“).u, :3.8)(!0‘8
ok X107
ka Q) b4 X10 |
> o o e €. HF ek 2
- @ NAF ¢ pa (pttae ),r ]‘;;..'tF, F"(::;*Lio(l)@ HFca-,)-‘-oH;_‘)

41. An aqueous solution of NaF is prepared by dissolving 0.350 mol of NaF in sufficient water to yield
1.0 L of solution. The pH of the solution was 8.93 at 25.0 °C. What is the K, of F 2

O NaF(M) —» NAt ) + F~ (o9 _ . = jo-PH
" se  “rason  o.aerM LoA 3_50':
20 | x10 Feaf) + hOW) = HFCap) + OHT (9D ;;?5,,@;» 0532 ¥16 ¢
L F~ 3] cwoo|CHE J|Cort- 3 _—y H
@ fq CDH'j it | 0-8D | - o o
< I2(-OO
P\_\-y FDH ) toe | -2 - +x | e
pOH - 100~ 343= 5.0t S [P . )
b= CHFJDoH] - C3.8x1078I086X10°7] | o caggasanio
CFJ Co-8909 ~ a¢] x1071°
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42. The acid-dissociation constant, K,, for an unknown acid HA is 4.57 x 103. What is the base-dissociation
constant, K, for the unknown anion A™?

lm mxbb
ko= 14 x16712

24| x10

HA © a wek. acid
43. A certain acid, HA, has a Ka given by:%\
HA + H,O@H,0* + A Ka = 6.25 x 10°
What is the pH of a 0. 345 M aqueous solution of the acid's potassium salt, KA, which undergoes the
h I ?
ydrolysis reaction? \(.A'q Po*a“zcm wq aa Lve
3.3 T S

s © 1 + OH™C
N KORD AT + HOL) = HA o) )
Inikal | 0-345 - 0 0
Chume| —* - + A +L
Asue ko
® Ta#b " b % Eutka] 0-305-1| — s " "
- "o)qo.-u, 6 -—lo . 9(‘9-2 l'é)(lo_b Eo,quJ = 5,32)(‘0 »
6'?-5"'0"6 f o a=\[5.52x070 = ?-42"&%% ” ‘:e
,o"o - C"':‘ E'Lj "C) dsord
@ 16X : /j 2 oo Do) == 7-43xl0 ﬂ_‘J 5.129
Uyt i pot = g (44307 55

.. pH= li.00— §-129<

17



44. The pictures represent solutions of three salts MA; water molecules have been omitted for clarity. Dotted

spheres represent A~ ions; gray spheres represent M* ions; black spheres represent oxygen atoms; and
unshaded spheres represent hydrogen atoms Hep+ e ot

A 00 @'Oc& 000

0 &g o 2080, ®0 O
s o sl o-o .*.o

. MA w—»wmw tof) ’
AT
S 0% |€0°e0) (90 0 d
Comrt W00 = HAM)+0 (D) 1) @) P
NA G & Srovd Llechulyle MAGy) BHT) 2
Which picture represents a basic salt? . + -
| A (I1 )li)nly drawing with hyldroxide ions present. " MA (pa) > M M)‘m' M?

B. (2) rw

C.(3) y

D. none of these ‘,,1-) + Ko (D < M q'l t‘ﬂ) )

/H"Fca,) + thol) = Yot
*(oq )+ OHz0 (1) HOHgar) + H0=T)

45. Which of the following salts will produce an acidic solution?

A) SK(CIO,), nesterl
C @KBr rew sl

NH4I adiv
KoCO; G
E) NaNO;

18



Aisy sadk

46. Calculate the pH of a 0.100 M CH3;NH,CI solution. K, for methylamine, CH;NH,, is 3.7 x 107,

@ ka= o . 10x10™
k, 253X07Y
= 3.3 X107
® ka: CFBO"]CC@N%J
Cﬂs‘”k‘j
Fx107Y = _Ca3CA3 5‘7_77"”

o+ 34 ® CHg,MHaCl CM) —> CHaNHs (o) +¢| (aqj
Cl—le—g"' Y+ Hotn —» L—y)”c“r) = ca—yv W )

Cepnis]

ChoJ

C hpt]

(O i)

Initol

0.100

o

a)

thorye,

-

+x

+

Ii&'brium.

0-L00 -

2w

X

Co -loo —)(fj E)aer saut

@%2 2, F0x/072

R [
= —Log C-44 10 4]

= 5384

47. Calculate the pH of a 0.800 M KBrO solution. K, for hypobromous acid, HBrO, is 2.0 x 107°.

)30l

0-goo M

@k&(o ) > k*m) * & D

ChoJ

( Héo)

CoH~ ]

ka 2-0X 10~

= 5.0x10~¢ =il

0 $c0

—_

o

a)

Choe

-

-

4+

+

Iﬁa&‘lan‘um_

0-9o -

€

X

@ kw = CHEwJIL0H ]
C&ep-3
g.oxw-‘s Cxlr4d
[0 %00- ]
0-80 3>
5-oxlp-6 (°
%= 4.wX ll:)"-S
- as 200 ¥ ID
@ pol = —log C2-00I
= 2:6M

- 1 000 ~ 2 %9
- pHE A0S

19

&0 () *+ HLDUB = HBs0 () T 0H 1)
(@) Colesatz b = £ . 1ox 107 L én)




48. Ascorbic acid, H,CqH¢Og is a diprotic acid, with K,; = 1.0 x 107° and K,, = 5.0 x 107"2, It is often abbreviated as
H2Asc. Using this abbreviation to write out the equilibria of this acid with water. If you type your answers in
the pdf, please use “A” for superscripts and “_” for subscripts.

WMC Y+ Ho ) | 3 HAsc™ e + Hgot () Koy = 1.0 x 1078

HArse™ (o) + Hao L) | Ascr oD + 0T D Kaz =50 1077

49. Predict whether each of the following salt solutions will be A) acidic, B) basic, or C) neutral. Remember that
ionic compounds dissociate completely in water.
K, for HNO, = 4.0 x 10 K, for NH; = 1.8 x 10°
H3POgs: Ka1 =75 % 1073 Kao= 6.2 % 1078 Kaz=4.8 x 10713
Foa Naok (Shoeme aud) > pH =3 Cmn;sﬂ o0
. ., - a
_ terionols boge 6 Wil Liergauc) —spH < frade

r ..
C a. NaCl(aq) .
k tonungal Asd ¥ NHa (were bax) . pH<? F——
ol
pIH‘qc'\me } “chw
¢ m;juaafzbm 6 CHglog H (wm-kqdd')

. 3 2 aq . ®
: - . N bx - H(?— :( . C bﬁuC'
" E ﬂl Md 6} Hs‘ M ) ' W w‘ i@& 9 :

ooy 2 - PHY?
(7. __,mgmb,a,mqmztwa&md)' P N rapiees
ﬂ d. NH4NO, (aq) Ka (N[.(‘.‘f'): ko . |~°>(\°"|'f =54 x'o_'o ka_?t:b "'HCJ
| Eb(nH2) [-§x%ID-C ) 3 At b AU
4, 3= K& (woy ™) = Kw = _LO)UD—"" ; = 2.5¥l0
B| e (NH,)PO, (aq) KA(WNOD) 4.0 %10” )
6 Rx,&'m’)-l- l-ho(lﬁ:‘_ I-tﬂDz,“"tﬂ) + OH A

fah Aujersoni re plhatbasr e

1)

kb)h.“

qraale A4 NH3 (wenic b)) = pH<F jwaatt bae q—um,ﬂ—twmkdﬁ'@ ) L pron
et Mdkz 5-6£'°_'° 0"1'1‘%%‘ PR S P A L L I e
. kas 4.8 xlo-"¢
afoce
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50. Arsenic acid, H3;AsO, is a triprotic acid. It has three equilibrium associated with its reaction with water:

H3AsO4 + H20 = H2AsOy4 +

H>AsO4 + H.O = HASO42' + H3;0"

HAsOs* + H0 = AsO4* +

HzO" Kar = 5.0 x 103
Ka2 =8.0x 10'8
HsO" Kas = 6.0 x 10710

If we have a 5.00 M solution of H;AsO,, what are the concentrations of all of the species present?

a. First, calculate the following concentrations using the first ionization.

HAso]= | 434 |wm

Hz Ay (A + Hao (D 2 Hy RSy + HgD* LoD
HAsO=| (8% |Mm

Inikal | 500 - ) 0

[H;0*] = 0:15% M Cheme - _ o o

Koy » CAIC23 “gorlord= s -

65-60-’:5 ® Cs00 Z;%?7'M 1
b. What is the pH of this solution? . ogLs \/;01“0"‘ e = 0:158 =[gp*) = Ty
pH=| 0401 & CHghoy]gq= 5:00- 0.158-4-84
Y o Oloulabd

de diffBate betnae kat
Wiy e fiar sy = fH = g [ols3

b ez & PP
5 =030l

o-
HgADy (o) + HeO (D =2 HAsQy () + HgD* ()

ol | 01 - o |o.15%
c. Calculate the [HAsO4*] by solving for Kaz Tnitial | 04157
Crome| —J | - +9 | 9
[HASO4 ] = 9'0 xw-ﬁ M Equ_ 0.’57_3 ~ y ol’$+g
kaa= CY7 ::b,l?yn} & 5160
; Sle K [o.15347] F
iy Cip 041 ® [0 ) sorns = 0 o
s Kas UHRSOI':{'] E = 40X lo o533

C B0, ]

d. Calculate the [AsO+*] by solving for Kas?

£4 = $oxio”3

S-
HAD A + W0 (0 = Ay () + Hed™ ()

-té

4019 goy x| M Tnifiol |F.0¢1078 | - 0 0.1S%
Chome| =% - +Z | +2
~¥ay: A 0(,3"3 CHgot) Exuithin|1 oK 2Z. — 2 |z

CHAS2]
60 %0 - CZJU O 1S9

L z= 9.04yIb7' = CRSOsEY

Cg-0xto%>

HZ] 77100



51. Copper(ll) fluoride has a solubility of 0.0020 mol/L. What is the value of Ky,?
Dlufatn = W (e + 2F 727D

C A. 1.8x107 _
B. 4.0x 10° CCu] LFJ
C. 32x10° Tnial 0 ©
D. 8.0x10° Chamge | + S +2S$
E. None of these are correct Equ.‘libnha S 28

@® : kp: T2t1TF T = C5) [aed” = as
s kap - 4(0.0020)* =
3.2.¢10-3

52. A small amount of solid magnesium hydroxide is shaken vigorously in a test tube almost full of water
until no further change occurs and most of the solid settles out. The resulting solution is:

(’ . pt
B pres priie

concentrated and saturated
dilute and saturated

dilute and unsaturated
dilute and supersaturated
concentrated and supersaturated

moow»

53. In which of the following pairs is the oxidation number for the underlined element incorrect?

) =1- N+ (gx9-)=1-
o]y s PNt OO
B. SO4%/(+4) -
b NH, /(-3) &) €+ (4x2-)=2- E) aar + (FX2-) = 2
78 NO/(+5) s & 5_:'% - 212
& crofie) O N U‘tq X_‘a_ Oy

22



54. |dentify the reaction(s) that are redox reactions:

Q- - - - o) - MOt a redof
A. 'IT|OC'ITaq) + l\igbl-r(-aq) — I;é)CII-zaq) +’H*25(|) Aeid baw r.e&d:*'/l
bE ko
l-: 5&3._ |+ 0 I+ 5...
B. 5I(aq) +1057(aq) + 6 H'(aq) — 3 Ix(s) + 3 HO(1)
M 1= 6 I+ 1- I+ 6+ 2~

C. 2NaCl(s) + H,SO4(aq) — 2 HCI(g) + Na,SO4(s)
W+ - ¥ a- At -t
D. CaO(s) + H,0(l) — Ca(OH),(aq)

I 1- +a- ©
E. 2H,0(aq) — 2 H,O(l) + Oz(9)

55. Balance the oxidation-reduction reaction in acidic solution. What is the sum of the coefficients?

53 MnO; (aq) + H,C,04(aq) — Mn2*(aq) + CO,(g) + H,O())

pugbirn :  (Hy0204 (v —»2002(9) IH++ 20-) %6
hhw.m.,(se'_;-ﬁ H*-[- MOy~ (29 ) — Ma2* ta) + L}H_’LO

ot s SHy 20y Gy 1002 () F IPFT 1
Qeduts M+ 198 +l}r\64l_’l’++ IOy (41 b aMa2* ta) + &H 0D
(o1

+ A M2 + L Ha00)

X2

- +
SHyCa 0yl + AMaDy~ (om) +6HT (3D — l%ﬁm

16 H LA 2Ma
10C loC
230 230

23



56. What species is the oxidizing agent in the following redox reaction?

clo™

| 1
dﬁ(ﬁ—l&}(aq) + (.l,TO’?(‘éq) — Cfgg'-(aq) + Cl‘zgq)
l

Cr © Olidi ud bewe

Cl & rauted. - C\0~ o He o%a:‘zéo aqeat

Lrs oudabont Salp Medsro
: Cr(OoH) 4~ i redut ng et

57.What element is being oxidized in the followin

A

58. The solubility product constant of calcium chlorate (Ca(ClOs),) of water is 7.1 x 107 at 25 °C. How many

cowy

AO0TO

CsHs Saq) + ch"og

(_SXC') + @Xl') + Cix 2")=

3C = -4

~ C-Y4

3

OX reaction
(aq) — Cs

04(aq) u:iaq)

(%0 +@ x
s =4

grams of Ca(ClOs), is dissolved in 750 mL of saturated solution?

o- 4+

g

@ kep:

® F50mL x 5-6xl075m4 C2 (0022 o 904,987 CalllDd:
o Ca (C103)2

O CalCl0g); (0 = Cal*(oq) + 2005 (eq)

- 5.619154 328 x10~3 M

Cca2*] | Cllogd
Inital o o
Change +3 +2S8
Equi ibniwm S S
Ca*9 cwe"?
o1 280 = 48
N xw""' = Ltsg
§= o #:1x107?
4y

[d)O‘mL.

0-9324 126092 & A-3%3

N +(Ca x-2) =0




59. Which one of these is the solubility product constant for Mn(OH),?
Ksp = [Mn*][OH?

A. . .
A B. Ksp =[Mn?][2 OH]? Mn (oW)y (8D = Mo Coq) + 2017 (a9)
C. Ks = [Mn*F[OHT? .2
D. Kep = M (O] Kap = CMn2+3C0H J
E. Ks = [Mn*]’2 OHP

60. The table lists five compounds and their Ks, value. Which is least soluble?™® JLonsat }of

A Zns 2 x 1072
TIBr 34x10° (¢ AU 5 He jore heve “"" .

AgCl 1.8 x 1010 digoc ok v &N dhdrd ey
Al sous s 610 docwe by -
froduty R areand Hrt Pprochu

ZnS

TIBr

AgCl
FeS

Cul

moow>

61. Which statement is true about redox reactions?
ﬁ( A half-reaction can occur by itself
D B7 A redox reaction in base can include excess H* after it has been balanced
/G/. Two oxidations can occur instead of one oxidation and one reduction
D. Atleast 2 atoms must have their oxidation states change during a redox reaction
E. None of these statements are true

hon need 4p OCluw S‘—f'rm.ubamuo\g

Ao et reano?d o 0L Aok W nedue

= slhnld & greoax oo on ucu& | .
62] o;',nmf‘ed c,.f 4 be e O dats PV kL sre rduth™ readh
9

§) Tre
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0) W(!{) —> NO-"'(""I?“' a—(‘,D s WM"(‘“""

_ m Utat M Aiouabi
62. Which of these statements is false? HF C”D = H+ C“f) +F C“D &HE A .,:i ;:f‘\lwm
D fom-te @quabivn batet> Nesld trivry band) reauds (0 1ot
(> HFM Y% ) Jﬂ(ﬂmb’m‘v‘m “'D“ﬁl.,“na“'

A. Addition of NaOH will increase dissociation of HF, and the pH of the final solution will be higher

B. Addition of NaF will decrease dissociation of HF, and the pH of the final solution will be higher

C. Addition of HCI will decrease dissociation of HF, and the pH of the final solution will be lower

D. Addition of NaCl will decrease dissociation of HF, and the pH of the final solution will be lower

£) NaoH (oq) + HF () —» Naf (+1) + 10 W (’T":Jd s pHi bk

W boal ot © HELD)
S Na FioD > Aafca) +  [E- o) | fompam jon otk HE <
HEGD = HP LD+ [FopoD| - He equtomsn B 002
o) HC () —» [AT (D |+~ (2D btle 4t P2 59

HEED= [HT Cq)\;— F™ (@D,

63. For the buffer solutions below, in which case would the buffer capacity not be exhausted either by the addition
of 0.5 moles of HCI or by the addition of 0.5 moles of NaOH?
0.80 M HF and 0.20 M NaF
& 0.80 M HF and 0.90 M NaF
0.10 M HF and 0.20 M NaF
. 0.10 M HF and 0.60 M NaF

Steqy: dok fro te He dmle Hnt hoo bof e cme. & HFEad N
freot Han oﬁw o aettel He 2ok acd (HF) w 0""\"-‘—“{7
(Sroured Lla Nl o7 He wvjuaaﬂ- bat dor Nar o Mwb"ﬂ

Ha

com»

64. To prepare a buffer solution with pH = 4.70, how many moles of solid NaN3 should be added to a 1.0-L
solution that is 0.40 M in HN3? (Ka for HN; = 2.6 x 107°).

0] SiEmae phe P+
C. 0.40 mol
D. 0.52m2|:z i30= - Loa(i-ém‘s)* MM
E. none of the above ' Co40]J
40z 453D 52 + vy CNang]
[0.407
0-1149728343 = by CNaNsl |\ o invene
Co-40d Joy o B0, 2ides
1-1303086 5038 = CNanNz]
Co- 407
-t CNawNg)=0.521234722 a~8l y 0L
= 0.5 mSbe L
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o ™ onl . 6F o §uer
¥ &b o 20 an ac'dc o€

65. Which of the following equilibria best represents the hydrolysis reaction that occurs in an aqueous bko='c

solution of NH4CI? Lotud o7
6 Cl(aq) + H:O*(aq) = HCl(aq) + H20(/)

NHs*(aq) + H20(/) 5 NHs(aq) + HzO*(aq)

NH4*(aq) + OH (aq) = NHs(aq) + H20(/)
Cl(aq) + H20(/) = HCl(aq) + OH (aq)
NHs*(aq) + Cl(aq) = NH4CI(s)

ot €— NHyiC| P Coriegals
D o .-
A Mﬁﬁd M f”
-+
< NHpT M) + HO (D) = NHCD + Ho D

Use this information for questions 67-69:
A 24.8 mL solution of 0.399 M aqueous hydrofluoric acid, HF, is titrated with a 0.235 M aqueous potassium

hydroxide, KOH, solution. (K, for HF = 7.2 x 107) At . .
woalam e prink He amts 7}t
(e “ acd « Moo ) e

moow>

66. What volume of potassium hydroxide is required to reach the equivalence point?
14.6 mL
2 24.8 mL
286mL  HF (M) + KoH (M) —» KF(ew)+ H0W0
32.4 mL
421 mL

:zq.z'yfyo.zqqm/mf y ) o 1000mL
100D ol |ma MF  0:226 mpesi

= 421032340 4 mL

moow»

67.What is the pH of the above solution at the equivalence point?
A A. above 7.00

B. below 7.00 + oD
C. exacty700 HE M)+ KoH (~1) —» (KE (1)

BoeiC Salk

o P\-\cb obat =+

27



68. What is the pH of the solution after the addition of 21.1 mL of potassium hydroxide? Keep 3 decimal places.

8. 1yS HE () + Kot () —» KF (eq) + $000
Inikal [0-004819]0.00615] © —_
Chume |o.044585| - 0. ompisys] +0-0049%] —
Final [0-0049%H 0  |o.cogts8| —
v i b0
waakacid w‘!“‘b“z"w
buife
HendeYon - < -‘-pHr— PIZa.-(— .baz U:F'J
Hasseloald~ SyS
eguation) = —log (3-2x10-4) + Jog [0-004159J

= &.14 QG%IOSS

E’o. oo 443 677
2 3.148

69. An initial pH of 10.7 and an equivalence point at pH = 4.5 corresponds to a titration curve for a

D A. Strong acid to which strong base is added
B. Strong base to which strong acid is added
C. Weak acid to which strong acid is added
D. Weak base to which strong acid is added
E. Weak base to which strong base is added
:/m 3T Ougrer .y
e pH
oV A erw‘oaﬂ-mu
@ (7
aud
oot |
o: de Hhanm 5%
Eacrp Voleore 63
NH3 it B
NHy d
NHz (aq) + e (o) —> q+ (=)
Acgic sl

28



70. Consider the following redox reaction. What are the coefficients for C204> and H,O in the balanced reaction

under acidic conditions?

A MnO, (aq) + C:0¢ (aq) — Mn®(aq) + CO,(g)

: - 2+
C204% =5,H,0=8 D teducon : MOy (o)  — M0 o)

C204% = 1,H,0 = 1 o _

C2042' = 1, HZO =4
C0&=3,H0=2 () lehuckion : MiOY o) — N0" B

moowy

osidationt Co0udeay  — 200,00

O tedudion 156+ B HED) FHOL oy — M) + 4420

OW daks orv C2042 oy —> 200, (5D

@ Ledu o U 3( AHEA)FHUNOY () —> unm&o{) + 49 0) X2

O daks o1 (C20u?cngy —> 200,60 )¥XS
(®) pudution: foe- + 168TeA) + LMAOy~ (re) —>
owrdasin: S COy~Cy) —» (000, () Fl0€”

71.Which of the copper(ll) salts will dissolve to the greatest extent in water?

B. CUCzO4 Ksp =44x 10-10
C. CU3(PO4)2 Ksp =14x 10'37
D. CuS Kep = 8.0 x 107
E. CU3(ASO4)2 Ksp =8.0x 10'36

Kool A* Bran atitie lopps tomppirdo 4o ™
Shoduomdll , ¥ Lef Uodus
lonpardd 10 Ohsi o B
Netvod 2 (), asote e s g Ao B 4
e, valuse )

@ (e [OH)g, = et 2047 L)

C4n+) C oH-d

Inihal o o

4.8 xlO"‘o-'—

have He dame 4o oy v
e s A, Cp 05T e 0 ot

ope. tmped ke LotV

WE C[u_z-rj(_‘ol-l '32
4. x 10720 =CsIDA)*

44

Chage | *S 2;’” : &=3[ 43xlo20
ST 28 4

= 22 xlo"?t M



(0204 () 2 llogt GO4 ¢

Ca+) CC20437]
Thihal o o
Chage | +S + S
Equiibnuy S s

© Gudtny 00 36760+ LD

Can+) Croq2—7]
Inital o °
Chamge | +3S +2S$
Equiibnud 38 s

©

Cu»S = e S2-

Ca+) C £33
Inihal o o
Chamge +3 + S
Equiibiu S s
@ es (SO S3CT D F 2 Pa0y””
Ca>*] | CASD4ST
Inihal o o
Chame 138 +2S$
Equitibiu 35S 28

€

Kap = [:'&.c.:2 +10G0 w3
AL‘ )( ,0"\0 = Cg—] E'Sj

PR §*

2 = \Izl.mcw'"’
= 2.10x10"®M
\I/hﬂ‘\sd’ erb-‘.‘b

K= Cw?tY [POy* -2
gy 10-3% - (3PT28T

l.yxl0"3F = 1038 ¢
2 8= .43 x10 M

op= T IUE
g-oxlo- 2% = C&ILS)
3.0 xl0-3% = §2

R J%O/)w.?&

= g.94x107 1M

= [to 3 CA0ED™
(.0 xto36 103€°

N S\WL
1038

= 5.'-}-5)([0’31‘4




Formula Sheet

Length
1 kilometer = 0.62137 mile

1 inch = 2.54 centimeters (exactly)
1 Angstrom = 1 x 1071° meter

Energy

1 joule = 1 kg-m?/s?

1 calorie = 4.184 joules

1 Calorie = 1 kilocalorie = 1000 calories
1 L-atm = 101.325 joules

Pressure

1 pascal = 1 N/m?® = 1 kg/m-s?

1 atmosphere = 101.325 kilopascals = 760 mm Hg = 760 torr = 14.70 |b/in?
1 bar = 1 x 10° Pa (exactly)

Temperature
0 K=-273.15°C

K=°C+273.15
°C =(5/9)(°F - 32)

Mass
1 kg = 2.205 Ibs

Volume
1mL=1cm®=1cc

Constants

c =2.998 x 108 m/sec

h=6.626 x 10734 J.sec™?

R =0.08206 L-atm/mol-K = 8.314 J/mol-K
Specific heat of water = 4.184 J/g-K
Mass of an electron: 9.109 x 10731 kg
Mass of a proton: 1.673 x 10?7 kg
RH=218x10718)

Specific heat of water = 4.184 J/g-K
STP =273.15K and 1 atm
Avogadro's number: 6.022 x 1023

Equations
d (density) = m/V
P1V1=P2V>
V1/T1=V2/T>
P1V1/n1T1=P2V2/n2T2
PV=nRT
(P + a(n?/V3))-(V - nb) = nRT
molar mass (M) = mRT/PV
density (d) = MP/RT
XA = Na/Ntot = Pa/Piot = Va/Viot
Ptot = Pa + Pg + ...
Ntot = NaA + N + ...

3RT

HUrms = M



Rate of effusion A [MWjp
Rate of effusionB | MW,

Q =Cx AT = Cspecific X M X AT

Q =nxAH (kJ/mol) = m x AH (kJ/g)

w = -PAV

AE=qg+w

AH° = YnAHf°(products) - ZnAHf°(reactants)

AH° = XnAH®°(bonds broken) - ZnAH®°(bonds formed)
E=hv

c=Av

A =h/mv

AE = —2.18 % 10—18](i - i)
T ng nf
P\ AHy (1 1

n(3)-en(t 2
P, R \T), T,

Psolution = Psolvent Xsolvent

Psolution:ZPj:ZPij

ATb = Kbmi
ATf = Kfmi
T = MRTi

Thermodynamic and Electrochemistry

S = kb X In(W)
kp = 1.381 x 10723 J/K
AS = qrev/T

ASsurr = QSurr/T = _qrev/T

ASuniv = Assys + ASgurr

AS°rn = ZVSOproducts = 2VS°reactants

AH® i, = ZVHoproducts - 2VH®eactants
AG®y, = ZVGoproducts = 2VG°reactants

AG =AH - TAS

AG = AG® + RT:InQ

R=8.314 J/mol.K

AG® = -RT:InK

AG= -nFEce

F =96485J/(V-mol e")

E°cenn = RT/nF InK

E°cenn = (0.0257/n) InK = (0.0592/n) logK
Ecenn = E%cen — (RT/nF) InQ

Eceu =E°ce|| - (0.0257/n) InQ

Electrolysis: Q (total charge) = I xt=nxF

Integrated Rate Laws & half-life




nm = —kt
L okt —
(4] [4]

4],

127 ok
In2 0.693
t1/2= =T

1

Y2 k(4]

Equilibrium and Acid / Base
Kp = Kc X (RT)AH

pH = -log[H30"]

Kw=1.0x 10" at 25 °C
Kw = [H30*] x [OH"]

Kw = Ka x Kp

pKa = —|Og[Ka] [A_

Buffer: pH = pK, + log —
Ky _ AHpxn

1 1
"= Tk &R



Periodic Table of the Elements

1 18
1 2
H He
1.01 2 13 14 15 16 17 4.00
3 4 5 6 7 8 9 10
Li || Be B C N o F Ne
6.94 9.01 10.81 12.01 14.01 16.00 19.00 20.18
11 12 13 14 15 16 17 18
Na || Mg Al Si P S Cl | Ar
22.99 24.31 3 4 5 6 7 8 9 10 11 12 26.98 28.09 30.97 32.06 35.45 39.95
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca | Sc Ti \' Cr |[Mn| Fe | Co || Ni | Cu|[Zn | Ga | Ge | As || Se || Br || Kr
39.10 40.08 44.96 || 47.87 50.94 52.00 54.94 55.85 58.93 58.69 63.55 65.38 69.72 72.63 74.92 78.97 79.90 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb [ Mo || Tc || Ru | Rh || Pd || Ag||Cd | In || Sn | Sb | Te | Xe
85.47 87.62 88.91 91.22 92.91 95.95 [97] 101.07 || 102.91 || 106.42 || 107.87 || 112.41 || 114.82 || 118.71 121.76 || 127.60 || 126.90 || 131.29
37 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs || Ba Hf | Ta | W | Re | Os | Ir Pt | Au | Hg| Tl || Pb || Bi || Po | At || Rn
132.91 || 137.33 178.49 || 180.95 || 183.84 || 186.21 || 190.23 || 192.22 || 195.08 || 196.97 || 200.59 || 204.38 || 207.2 || 208.98 [209] [210] [222]
87 88 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Fr || Ra Rf | Db || Sg || Bh || Hs | Mt | Ds || Rg || Cn || Nh || Fl | Mc || Lv || Ts || Og
[223] || [226] [267] || [268] || [269] || [270] || [269] || [277] || [281] || [282] || [285] || [286] || [290] || [290] || [293] || [294] || [294]
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
La [ Ce | Pr || Nd ||Pm | Sm | Eu | Gd || Tb | Dy | Ho || Er | Tm || Yb || Lu
138.91 || 140.12 || 140.91 || 144.24 [145] 150.36 || 151.96 || 157.25 || 158.93 || 162.50 || 164.93 || 167.26 || 168.93 || 173.05 || 174.97
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Ac | Th | Pa U |Np| | Pu|Am | Cm| Bk || Cf || Es || Fm | Md | No | Lr
[227] ||232.04 || 231.04 || 238.03 || [237] || [244] || [243] || [247] || [247] || [257] || [252] || [257] || [258] || [259] || [262]




