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This manual contains the laboratory experiments you will be completing during the
course of the school year. It is an ambitious schedule, but one that the College Board
deems necessary for you to get the best Advanced Placement Chemistry experience. The
College Board publishes a list of required laboratory topics and this compilation of labs is
designed to meet those requirements. The experiments are in order according to the
schedule included in your syllabus. The laboratories in this manual are taken from the
following sources:

Nelson, John H and Kemp, Kenneth C. Laboratory Experiments. Upper Saddle River, NJ:
Prentice Hall, Inc, 2000

Hollenberg, J Leland, et al. Chemistry in the Laboratory. New York: Freeman Press,
2000

Flinn Scientific Spectrophotometer Laboratory Manual. Flinn Scientific, 1994

To achieve the ideal lab experience, you will need to be here for all of the experiments
and will need to complete the post lab write up. You will have adequate time to complete
everything and labs will be discussed in class before and after the experiment is run.

SAFETY: The chemistry laboratory is a place where you will be using compounds that
may have adverse reactions to your skin, a place where you will be working with flames,
hot glassware, and vigorous reactions. To ensure your safety, it is absolutely required
that you wear safety glasses during every experiment. Failure to do so will result in
a grade of “F” or no credit for the lab and no chance of making it up. Your eyes are
far too valuable to you and your future and glasses are provided to protect them. You
will also have the option to use aprons and, for certain experiments, protective gloves.
You will need to know where the eyewash station, the shower, and the fire extinguisher
are located and how to use them.

Food and Drink: Washington State law says that no food or drink may be consumed in
the chemistry laboratory. Do NOT bring any food into the classroom. Drinks (your own
container) must be left at your desk and not consumed during the laboratory period.
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PERIODIC TABLE OF THE ELEMENTS

Selected Radioactive Isotopes
Naturally occurring radioactive isotopes are designated by a mass
number in blue (although some are also manufactured). Letter m in-
dicates an isomer of another isotope of the same mass number.

Table of Selected Radioactive Isotopes

on 5.3 min) f~ &7 (6188 - 2Sh 124 (60.20d)~ #W 181 (1409 EC wPa 231 [328x 10y« Half-lives follow in parentheses, where s, min, h, d, and y stand re-
H w 26§ 0Zn 65 125 2795 185 WU 233 [159x10%y spectively for seconds, minutes, hours, days, and years. The table
1Be (533dEC 2Ga 67 sfe 121 m{154d) T 188 234 244x10° Yo includes mainly the longer-lived radioactive isotopes; many others
GROUP 6x10°y - 72 123 m (1197 d) T ssRe 187 205 [704x10%ya have been prepared. Isotopes known to be radioactive but with
< mmw% ﬁi uGe & , 7 “Smﬂm{ - 7605 194 236 (234x107yja half-lives exceeding 10"y have not been included. Symbols de-
1/1A .o oY, =hs 73 12 hexio e 192 238 [@47x10°ja scribing the principal mode (or modes) of decay are as follows 18/VIiii
o 4 Ay 195 236 (11x10°yEC, :
M WM o xe 1 op 5od Np Ze faeo ww_ < 8 :xmmm_n“_onwww_mom, are oma.mi accompanied by gamma radiation)
79 135 [9.10H 5~ 198 - o alpha particle emission
1 oo g 2 - w1 R 2 - 2 oA b e e amission 2 0020
2098 ; nwAl 26 [72x10%) B EC ke 81 135 (29x10°y p- wHg 203 239 241x10°y« B* positron emission
; uP 32 (142645 85 137 3007y 8 Tl 204 240 [654%10%y e EC orbital electron capture 4216
381 wS 35 (B72d8 wRb 86 sBa 140 (1284d)8~ wPb 202 242 [38x10%yo I isomeric transition from upper to lower isomeric state 0.95
0.0899 wd 36 [BOIx10°y) g 87 sla 137 [6x10%y|EC 205 (3x107y)EC 244 (83x107ya SF spontaneous fission St
181 ~ 38 (37.2 min) f~ u.wq Mw 9 MMW wmﬂwiﬁ 10 (223y)f7,a wsAm 241 432y 0.1785 1o
" B s 4 d) 243 [7.37x10%y) N
Hydrogen 2/HA . oz % opr 12 “ﬁwﬁw wem 242 (1630da 13/iliB 14/IVB 15/VB 16/VIB 17/VIIB Helium
w «l 244 1812y
3 | couze ea e B G by 22 Lse i B ogn|@ oo |7 et |@ 159004 |Q 1e99sa0 |4 () 201797
1e1s o7a 2 uSc aMo 99 (66024 @Sm 146 %10yl oBk 247 (14x10°ya 3 4,2 +3,54,2 21 -1
auCr sle 97 [6x10°y)EC 151 @3y g 210 (138384 o wCf 249 [(351ya 4275 4675 77.344 9.2 8.0 27.07
453.7 — 1560 2Mn 98 {42x10° s u\ sbu 152 {13y um K wAt 209 [SAHEC o 2348 3915 63.15 54.4 53.55 24.56 m
0534 1.85 wod 150 b1l oya 20 237 226 12511 1.420% 1.6961 0.900t!
[Hejes' ke «Tb 158 {12x10°EC 5~ wRn 222 [He]2s22p ™ [He]2s22p2 [He] 2s22p3 [He]2s22p* [He] 2s22p5 [He] 2s22p®
hium Beryllium =Co o ﬁm amww,ﬁ% s ke wmw Boron Carbon Nitrogen Oxygen Fluorine Neon
mm,wmmwﬂo m».mowo ®Tm 170 (12864 f~ 223 8. mmamuw 28, Qmmm 30.97376 32.065 35. »wm 39.948
171 . . 2 X .
1129712 e =B 1Feensoq14 202 115°%5 16 45317 5:2(18
1156.1 1363 175 @419d g wth 228 2792 3538 553 717.75 239.11 87.8
371.0 923 sl 176 B7x10°) 5 230 i 933.5 1687 317.3 388.36 171.65 838
0.971 1.74 =Cu =Sn 121 {76y 5T »la 182 (1150d 5 232 {140x10°y) a 10s5g 263 oda 2.6989 2. ww 1.82 2.07 32141 1. ﬂma* q
[Ne]3s*® [Ne3s? 9 [Ne]3s23p’ ]3s23p2 [Ne]3s23p2 [Ne]3s23p* [Ne]3s23p* ]3s23p®
woa_aa .smm:mm::j u\———> h.\—<> m\<> 0\<—> ﬂ\<-> 8 T VIiiA 10 1 .—\—w 1 N\——w Aluminum m:_no: Phosphorus Sulfur O:_o::m ?uo:
39.0983 uo.oqm »b.mmmw_ 47.867 50.9415 51.996 54.9380 55.845 58.9332 58.6934 63.546 mmhom 69.723 ﬂm.m» 74.9216 78.96 ﬂw.wok_ mu wc
-— w 1 No N A N 432 N 5432 N 6,2 N 234,67 N 326 N 23 Nm N 21 wc w.d 13 QN w 35 wb. 4,6,-2 w .3 wm
1033 1757 3109 3560 B | 3680 2945 2234 3134 3200 3186 2835 1180 2477 3 3108 876 (sunt) 958 331.95 119.93
336.8 1115 m 1814 n 1941 — 2183 2180 1 1519 = 1811 m 1768 ° 1728 1357.8 = 692.68 N: 302.91 m 12114 m logo, >m 494 265.95 m“ 115.8 _A1
0.862 1.55 2.99 4.54 6.11 7.19 7.44 7.874 8.90 8.90 8.96 713 6.095 _ 5.32 573 4.79 312 373t
[Ar}4s? [Arj4s? [Ar]3d4s 2 [Ar]3d24s2 [Ar]3d%4s2 [Ar]3d34s! [Ar]3d54s2 [Ar]3d64s2 [Ar]3d74s2 [Ar]3d 84s2 [Ar]3d104s? [Ar]3d104s2 [Ar]3d104s24p1 [Ar]3d104s24p2 [Ar]3d04s24p3 [Ar]3d104s24p* [Ar]3d104s24p5 [Ar13d104s24p6
Potassium nm_o_::._ Scandium Titanium Vanadium Chromium Manganese Iron Cobalt Nickel Copper N_:o Gallium Germanium Arsenic Selenium Bromine Krypton
wm,hmﬂm mﬂ.mm 88.9059 m:.nwk 92.90638 95.94 98] 101.07 102.90550 106.42 107.8682 112.41 114.82 118 ﬂdo 121.760 127.60 126.90447| 131.29
wﬂ wm ww 3 ho h 534 hN 6,5,4,3,2 hw % ,N h 2,3,4,6,8 h 2,34 h 24 hﬂ 1 hm 2 ho 3 m m +35 mN 46,2 m 1,57 mh 0,2,4.6,8]
961 1655 3618 4682 5017 4912 4538 3968 3236 2435 1040 2345 2875 1860 1261 457.51 165.11
312.46 m v 1050 q 1795 2128 N * 2730 2 c 2896 ° 2430 @ mmou w = 2237 = 1828 1234.93 594.22 42975 = 505.08 = 903.78 722.66 m 386.85 161.4 m
1.532 2.54 4.47 6.51 8.57 10.22 11.5% 12.37 12.41 12.0 10.50 8.65 7.31 7.31 6.69 6.24 4.93 590t
[Krl5s? [Krj5s2 [Krj4d 152 [Krl4d 2552 [Krj4d45s! [Kr]4ds5s' [Kr]4d 552 [Krl4d 758" [Krl4d85s! [Krj4d 10 [Kr]4d 1055 [Krj4d 10552 [Krl4d105s25p! | [Kr]4d105s25p2 | [Krldd'05s25p3 fl [Kr4d05s25p | [Krl4d'05s25p5 | [Krl4d195s25p6
Rubidium Strontium Yitrium Zirconium Niobium Molybdenum | Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Teilurium fodine Xenon
qwm.wombm ﬁwﬂ.www 138. womm dqm.bw 180.9479 Jmu MA 186.207 190.23 192.217 195.08 96.96655| moo.mw 204. Emw 207.2 208.9804 (209 (210) ANNNV
mm mm mﬂ NN N 54 Nb. 2 N 76,5432 -Nm 486,32 N 4263 Nm 2 N 3,1 m mn— mN 24 m 35 mh a,m,w mm 1,753 mm
944 2170 3737 4876 5730 5828 5870 5285 4700 4008 3130 629.88 :Am 2022 1837 m|— 610 E _ 4
301.54 m 1000 wm 1191 Fm 2506 3290 m 3695 3459 m 3306 m 2720 — * 2041.55 1337.33 : 234.32 I 600.61 1 544.55 - 527 ° 575 =
1.87 6.15 13.31 16.65 19.3 N“ 0 22.57 22.42 21.45 19.3 13.55 11.85 11.35 9.75 9.3 _ w%w._.
[Xelgs? [Xel6s? [Xe]5d 652 [Xe]af'45d26s? | [Xe]df'*5d36s2 | [Xeldf*5d46s? ]4f145d 5652 [Xe]4f'“5d%6s2 | [Xe]4f45d76s2 | [Xe]af'“5d®6s' | [Xe]4f145d106s' | [Xe]4f“5d16s2 |[Xel4f'#5d196s26p! [[Xe]af45d196s26p 2 [[Xe]4f 451965263 [[Xe]4f4 5 06s26p* [ Xe]4i 4501065265 [Xe]4f145d 196526
nmm_ci Barium Lanthanum Im?_:_d Tantalum Tungsten m:m:_ca Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
87 7188 189 1104|105 =106 = 107 =*[1087[109= [110[111 = 112 [113 = [114 @ [115[116 (117 [118
o a2 aaror !G ~ Q _ _ m m _ n N nl M i Y
r: Ra|= A¢| - S| S [ [ @)= Ulp|- Uu
10.07 — — — — — — — —_
[Rn]7s? [Rn]7s2 [Rnj6d7s? [Rn]5f46d27s2' | [Rn]f460%7s> | [Rn]5f46d47s? | [Rn5f*6d57s? | [Rn5f1*6d®7s? | [Rnl5Pe6d77s? | [Rn]5f46de7s2 | [Rn]5f46e7S m:_mEma_Smm. [R]5f16d1°7s27p"" | [Rn]5f146d107527p? | [Rn]5i146a107s27p% | [Rn]5f146d107527p¢
Tm:n_:_.: Radium Actinium Rutherfordium Dubnium Seaborgium Bohrium Hassium Meitnerium  |(Darmstadtium)|(Roentgenium)| (Ununbium) (Ununtrium) {Ununquadium)(Ununpentium) | (Ununhexium) }(Ununseptium) | (Ununoctium)
* Estimated Values
140.116 140. wa.\mm 144.24 Em 150.36 151 .omb dmw.mm 158.. mwmwh Amm.mo 164.9303 Amw.mm 168.9342 173.04 174.967
aTouc aromic * |58 11¢159 60 |61 9162 "33°|6 64 6 66 67168 691z (70 75371 179
NUMBER WEIGHT (2) 3716 3785 3347 3273 2067 1869 3546 3503 2840 2973 3140 2223 1469 3675
\ | 1071 m 1204 v* 1294 1315 E.E 1347 3 1095 m = 1586 1629 c 1685 1747 ° 1802 m * 1818 5 1092 < 1936 =
\ | OXIDATION STATES | 6.77 6.77 7.01 7.26 7.52 5.24 7.90 8.23 — 8.55 8.795 9.07 9.32 6.903 9.841
wwﬁ_qzm / KEY /| (Bold most stable) [XeJ4t'5d76s2 [Xe}4f® 652 [Xe}4i* 6s? [Xe}4is 6s2 [XeJ4f® 6s2 [Xe]4i7 6s? [Xe]4F75d16s2 [Xe}4f %62 [Xe]4f106s2 [Xe]4f116s2 [XeJ4f 12652 [XeJ4f136s2 [Xe]4f146s2 [Xe]4f145d16s 2
INT, | ¥ . Cerium Praseodymium | Neodymium v«QBmEEB Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Yiterbium Lutetium
65.409 | — 232.0381 231.0359 238.0289 237 244 243 247) 247 251 252 (@57 258) 259 262
MELTING w 2 <4 i oo 4 o m 6,5,4,32 Qw Mm»w @h Mmmw wm uwu_a‘w mm Aw ) ON mu»v wm Am,a.av om ( 3 ) .— co ,w ) .— Q..— @59 .— ON ( ~.uv \_ cw @62
POINT, K —_ | 1180 «— SYMBOL 5061 4300 4404 #1785 3505 2284 — — — — — T
692.73 = 2023 — —d 1845 m 1408 917 913 % 1449 SE 1620 % 11700 1130 % 1800° S;.E 100" 1100* \ @ 900" q
713 1.72 a 4 18.95 20.2 19.84 13.7 13.5% 14* - - =10} B — —
[Ar]3d'04s? o | [Rnj6d27s? n|5f26d* 7s? [Rn]5f36d " 7s2 [Rn]5f46d! 752 [Rn]5f87s2 [Rn]5f77s2 [Rnj5f76d'7s? [Rn]5f97s2 [Rn]5f107s2 [Rn]5f 11752 [Rn]5f 12752 [Rn]5f 13752 [Rn]5f 1472 [Rn]5f46d17s2
c / Thorium _u_‘o»mo::_ca Uranium Neptunium Plutonium Americium Curium mm_.xm__:S Californium Einsteinium Fermium Mendelevium Nobelium Lawrencium
| ELECTRON
DENSITY at 300 K (3) CONFIGURATION
(glemd) \ NOTES:
3 NAME (1) Black — solid. {2) Based upon carbon-12. () indicates most The A&B p i i are those by the Inter- m " E ‘ a
m_ﬂwnﬁm moohmim Intemationzl. Red — gas. stable or best known isotope. national Union of Pure and Applied Chemistry. m- Q ent- m n
9 eservea. Blue — liquid. (3) Entries marked with daggers refer to the

No portion of this work may be
reproduced in any form or by any
means  without express prior written
permission from VWR/Sargent-
Welch.

Outline — synthetically prepared.

gaseous state at 273 K and 1 atm and are
given in units of g/l.
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TABLE OF PERIODIC PROPERTIES OF THE ELEMENTS

Percent lonic Character of a Single Chemical Bond

GROUP Difference in electronegativity |0.1|0.2/0.3/0.4/0.5/0.6/0.7|0.8/|0.9/1.0|1.1|1.2|1.3|1.4/1.5|1.6|1.7|1.8|1.9/2.0/2.12.2|2.3|2.4 /2.5 2.6 | 2.7/ 2.8|2.9(3.0| 3.1/ 3.2
1/1A 18/Viil
I ﬁmw Percent ionic character % 1051|246 |9 |12(15/19)|22|26(30 34|39 |43 |47 |51 55|59 63|67 |70 |74 |76 |79 82|84 |86 (88|89 01|92 :m_%i
032 220 oS3 —
0.79 0.4581 0.49 0.084
14.1 X
o, o DATA CONCERNING THE MORE STABLE ELEMENTARY (SUBATOMIC) PARTICLES g, oo
1az08 os1s | 2/ 1A - * The positron (e*) has properties i 1 __—m. 14/IVvB 1 VB 16/VIB 17/VIIB si5s o1
- Neutron Proton Electron® | Neutrino[ Photon | ative) electron or beta particle except that its charge has opposite Q\ \ M\ \ \
—-_ %.wm MW Symbol n P e (e v y sign (+). The anfineutrino (7) has properties similar to those of the | G _% | z _% o _@_ ﬂ _@A zm_@_
57 =71 1] neutrino except that its spin (or rotation) is opposite in relation to L ,%
1.67495x10°77(1.67265x10'7 | 9.1095x1 .
1.28 0.98 0.90 1.57 Rest mass (kg) {370x x10 095x10 o ° its direction of propagation. 0.82 2.04 0.77 2.55 075 3.04 073 3.44 0.72 3.98 071 -
205 1 j1a0 297 Relative atomic mass ("c=12) | 1.008665 1.007276 | 5.48580x10°| .0 o An antineurri reloase of an electron in radio- 147 5078 |osr 715 lo7s 2793 |oes  sat0 losz s Jost 177
13.10 3.0 5.0 1.7 =03 o . . N 4.6 22,6 5.30 — 17.30 0.36 14.0 0.222 17.10 0.26 16.80 0.34
sag2 117 o3z 25 Charge (C) ° 1.60219x1071%|-1.60219x10 o o active f (particle) decay, whereas a neutrino accompanies the 8298  5x10|11260 0.07 |[14534 — 13618 — 17.422  — 21564 —
3582 847 | 1825 200 - PR pa—TS P o 5 release of a positron in A+ decay. 1026 270 |0.709 80230 | 1.042  0.02598) 0.918  0.2674 | 0.824  0.0279 |1.030  0.0493
P i B AENSE Jal [l _ME
i 1913 2.793 1.001
Magnetic Momentt N N o ° ° 118 161 J111 190 [1.06 249 [1.02 258 089 346 098  —
182 2008 {146 3500 |128 124|109 10 097 1020 |088 6506
0 10.0 10.7 121 50.2 17.0 0.63 15.50 1.73 18.70 3.21 24.20 1.188

5986 377 [8.152  4x10° [10.487 107 [10.360 5x107°)12967 — 15759 —

u\———> h\—<> m\<> \<—> N\<——> m T <———> 1 do d ﬂ \—w d N\——w 0.90 muw o..uo 148. 0.769 0.235 o.ﬂ.dc 0.269 ch.ﬂm 0.0089 Q.M.NQ 0.0177

x%lnmﬁlmg@_ EINTEINETE TR DN z_@lg@lw__@ Ga D JGelm ) \JAs

144 1.36 1.32 1.54 122 1.63 118 1.66 147 1.55 117 1.83 1.16 1.88 1.15 1.91 147 1.90 1.65 1.26 1.81 1.22 2.01 1.20 114 2.96

2.09 304.80 §2.00 4252 192 446.7 1.85 339.5 1.79 219.74 | 1.72 349.5 1.67 3733 1.62 3775 157 300.5 115.31 181 256.06 | 1.52 334.30 112 14.725 | 1.03 9.03
15.0 16.11 10.60 18.6 8.35 22.8 7.23 20 7.39 1464 §7.1 6.70 16.2 6.60 17.2 71 13.14 7.38 1.8 5.59 13.6 31.80 235 5285 |32.20 1.64
6.56 15 6.83 26 6.75 4.0 6766 7.9 7434 05 7.902 7.88 17.9 7.640 146 7.726 607 16.9 5999 18 7.893  3x10° 11.814 10"  [13.999 —

0.226 0.122 0.248 0.00949

il @ @_

0.568 15.8 0.523 218 0.489 30.7 0.449 93.7 0.479 7.82 0.449

u%

0.421 100 0.444 90.7 0.385 401

DeNIE Mo TE Rk S

116 0.371 40.6 0.32 59.9

1.62 1.33 1.25 2.28 1.28 2.20 1.34 1.83 1.69 1.44 1.78 1.41 1.96 1.33 2.66 1.31

227 N._m 590.5 1.83 495.39 | 1.79 3933 1.75 250.63 99.87 2.00 226.35 | 1.72 290.37 1.32 20.8 1.24 Jm.mb
19.8 141 21 8.30 21.76 |89 16.74 10.3 1.3 6.07 15.7 3.26 16.3 72 25.70 7.76 4290 230
6.22 6.63 23 7.46 23 8.34 10.0 7576 629 14.7 5.786 3.4 7.344 8.7 10451 10" 12130 —

0.145 0.4439 0.158  0.00569

0.30 0.233 816 0.228 66.6

La 82 e At| | (Ao
1.25 1.48 2,04 1.47 2.33 1.47 2.2

274 2.08 162.08 | 1.81 177.8 1.43 30 _‘uh Am 4
22.50 17.20 4.27 18.30 477 — 12t 50.5 29
5.58 . X . 6.108 5.6 7.416 4.8 — - 10.748 —
0.195 : 5 0.144 23.0 0.140 575 o;wm Aqb 0.137 47.9 0.130 87.6 0.131 147 0.13 716 0.129 317 0.140 8.34 0.129 48.1 0.129 35.3 o.qmm 7.87 - 20 — 17 0.094 0.00364

Uup | |Uuh | _ _

]

25— - — — — — —

Uh [ Ut [ |Ung

4073 _ 5278 1.0 517 — - - — - - - - — - — — — - — - - - — — — - — — - - — — - -
— 15 0.094 186 0120 12 — — - - - - — - — — - - e — - - — — — — — - - — - — - — — -
*ESTIMATED VALUES ﬂc _ * ~ _IU<_ # * m _ _ ﬂi #
159 159 122 157 124 156 125
CRYSTAL ACID-BASE ¥ 251 — 249 230 245 20288 [242 101
STRUCTURE (2) PROPERTIES (1) 2080 1004 |206 1088 |224  — 1990 1109 {289 1046 |19.90 1548 {1920 — 190 1106 1840 1715 {1810  16.8°
5473 15  |ss25 16 5582 2 5644 11 567 11 615 08 |5864 09 5939 11 6108 12 |e184 13
\ ELECTRONEGATIVITY, 0193 125 |0i%0 165 |— 179 l0197 133 fo182 139 |02 106 |0.182 114 [0173 107 0168 143 |0160 1638
SYMBOL | / /
__KEY / Pal T TUONIEONPUO NN ewl [Nl | 160 | Ful | Hd |
A \ P F 1 E — O = 13 | — 15 |— 1.3 1.3 1.3
COVALENT RADIUS, A E@u / AT O KK - 2l Sl =l e = T ¥ThE LR FE DE DE ODE
. / kd / mol (4) 50— 1250 1548 [21.10 — 1232 — 208  — 183 — — - = — — - - — — - — - — —
ATOMIC RADIUS, A (7) 125 165 589 56 |edea 36 6266 08 (602 07 se74 07 (5891 — 6198  — 6282  — 642 — 65 - 558  — 565  — ag =
g — . - : RECES - - S - S L - w0 |- 10— w0 |- 0 |- 10°
AOMIC VOLUNE HEAT OF FUSION 47 012 276 63 013 674 10 10 10 o
: g K/ mol (5) I - T )
cm’/mol (8) NOTES: (1) For representative oxides (higher valence) of group. Oxide is acidic if color is red, basic if color is blue
g d he ic if both col h i f color indi lati h
e n and amphoteric i th colors are shown. y of color relative gth.
FIRST IONIZATION m_.mn._‘m.m&_%w:zw%n._._fé The A & B subgroup designations, are those
POTENTIAL @ () cubic, face contorecs R cubic, body contoreds ([ cubics recommended by the International Union of mmﬁ Q\‘&I E@‘h:
v / \ Pure and Applied Chemistry.
SPECIFIC HEAT THERMAL CONDUCTIVITY, MW ' I m hombohedral a I @ orthorhombic; O monodinic. 3
o m_ Sww CAPACITY, Jg" K" (3) W m'K'(3) v e Y Kﬂo\xuq‘ﬂa
opyright 19!
ht 1992 (3) At 300K (27°C) (6) Generdlly at 293 K (20°C) (8) From density at 300 K (27°C) for __a_c.m P.O. Box 4130 » Buffalo, NY 14217
wwnﬁanxwww (8) At boiling point for polycrystalline material and solid el values for 1-800-727-4368 * FAX 1-800-676-2540
© Copyright 1985 (5) At melting point (7) Quantum mechanical value refer to liquid state at boiling point www.sargentwelch.com
© Copyright 1996 for free atom
© Copyright 1998
© Copyright 2000 Catalog Number WLS-18806 SIDE 2
© Copyright 2001
© Copyright 2002
© Copyright 2004

© Copyright 2007 VWR International



Positive lons — Cations

1+ 2+ 3+ 4+
Ammonium NH," Barium Ba™ Aluminum AP Carbon c*
Cesium Cs' Beryllium Be”™ Antimony (11) Sb** Lead (V) Pb™
Copper (1) cu* Cadmium (I1) cd™ Bismuth (111) Bi* Silicon Si™
Gold (I) Au’ Calcium ca”™ Chromium (111) cr Tin (IV) sn*
Hydrogen H Chromium (I1) cr* Cobalt (Il) co*
Lithium Li* Cobalt (I1) co™ Gallium Ga* 5+
Potassium K Copper (I1) cu™ Gold (Il Au™ Antimony (V) Sb>*
Rubidium Rb* Iron (II) Fe™ Iron (1l1) Fe* Bismuth (V) B>
Silver Ag’ Lead (Il Pb* Manganese (111) Mn**
Sodium Na* Magnesium Mg™* Nickel (I11) Ni®*
Manganese (Il) Mn?*
Mercury (1) Hg.™
Mercury (Il) Hg™
Nickel (I1) Ni**
Strontium st
Tin (1) Sn**
Zinc Zn”
Negative lons — Anions
1 3 4
Acetate CH;COO | Carbonate COs” A. Arsenide As” A. Carbide c*
Bromide Br Chromate Cros~ B. Nitride N*
Chlorate Clos Dichromate Cr,0;” | C. Phosphate PO,
Chloride cr Monohydrogen HPO,” Phosphide P>
Phosphate
Chlorite Clo, Oxalate C.04” Phosphite PO~
Cyanide CN’ Oxide o*
Dihydrogen H.PO, Peroxide 0,”
phosphate
Fluoride F Selenide Se”
Hydride H Silicate SiOz”
Hydrogen HCO3 Sulfate S0~
carbonate
Hydrogen sulfate HSO4 Sulfide s~
Hydrogen sulfide HS Sulfite S0~
Hydrogen sulfite HSO3 Telluride Te”
Hydroxide OH Thiosulfate S,05”
Hypochlorite ocr
lodate 105
lodide I
Nitrate NO;
Nitrite NO,
Perchlorate ClO4
Permanganate MnQO,
Thiocyanate SCN’




The Solubility Rules

The nitrates, nitrites, chlorates, and acetates of all metals are soluble in water.
a. Silver acetate, silver nitrite, and potassium perchlorate are sparingly soluble.

. All sodium, potassium, and ammonium salts are soluble in water.

The chlorides, bromides, and iodides of all metals EXCEPT lead, silver, and mercury (I)
are soluble in water.
a. HgBr, is moderately soluble.
b. PbCI,, PbBr,, and Pbl, are soluble in hot water.
c. The water insoluble chlorides, bromides, and iodides are also insoluble in dilute
acids.

The sulfates of all metals except lead, strontium, mercury (1), and barium are soluble in
water.

a. Silver sulfate and calcium sulfate are slightly soluble.

b. The water insoluble sulfates are also insoluble in dilute acids.

The carbonates, phosphates, borates, sulfites, chromates, and arsenates of all metals
EXCEPT sodium, potassium, and ammonium are insoluble in water, but soluble in dilute
acids.

a. MgCrQ, is soluble in water.

b. MgSOs is slightly soluble in water.

The sulfides of all metals except lithium, barium, calcium, magnesium, potassium,
sodium, and ammonium are insoluble in water.
a. Bas, CaS, and MgS are sparingly soluble.

The hydroxides of lithium, potassium, sodium, and ammonium are very soluble in water.
a. The oxides and hydroxides of calcium, strontium, and barium are moderately
soluble.
b. The oxides and hydroxides of all other metals are insoluble.



Laboratory Safety and
Work Instructions

Attention Student! Read the following carefully because your instructor may give
you a quiz on this material. '

The laboratory can be—but is not necessarily—a dangerous place. When in-
telligent precautions and a proper understanding of techniques are em-
ployed, the laboratory is no more dangerous than any other classroom. Most
of the precautions are just common-sense practices. These include the fol-
lowing:

1. Wear approved eye protection (including splash guards) at all times
while in the laboratory. (No one will be admitted without it.) Your safety
eye protection may be slightly different from that shown, but it must in-
clude shatterproof lenses and side shields to provide protection from
splashes.

Typical eyewash

Approved eye protection Panic bar

The laboratory has an eyewash fountain available for your use. In the event
that a chemical splashes near your eyes, you should use the fountain before
the material runs behind your eyeglasses and into your eyes. The eyewash
has a “panic bar,” which enables its easy activation in an emergency.

N

Wear shoes at all times. (No one will be admitted without them.)

S

Eating, drinking, and smoking are strictly prohibited in the laboratory
at all times.

4. Know where to find and how to use all safety and first-aid equipment
(see the first page of this book).

5. Consider all chemicals to be hazardous unless you are instructed other-
wise. Dispose of chemicals as directed by your instructor. Follow the
explicit instructions given in the experiments.

LABORATORY
SAFETY

xiii
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Laboratory Safety and Work Instructions

6. If chemicals come into contact with your skin or eyes, wash immediate-
ly with copious amounts of water and then consult your laboratory in-
structor.

7. Never taste anything. Never directly smell the source of any vapor or
gas. Instead, by means of your cupped hand, bring a small sample to
your nose. Chemicals are not to be used to obtain a “high” or clear your
sinuses.

Waft toward
your nose

8. Perform in the fume exhaust hood any reactions involving skin-irritat-
ing or dangerous chemicals, or unpleasant odors. This is a typical fume
exhaust hood. Exhaust hoods have fans to exhaust fumes out of the

e

NE

hood and away from the user. The hood should be used when you are
studying noxious, hazardous, and flammable materials. It also has a
shatterproof glass window, which may be used as a shield to protect
you from minor explosions. Reagents that evolve toxic fumes are stored
in the hood. Return these reagents to the hood after their use.




9.

Never point a test tube that you are heating at yourself or your neighbor—
it may erupt like a geyser.

13.
14.

Do not perform any unauthorized experiments.
Clean up all broken glassware immediately.

Always pour acids into water, not water into acid, because the heat of
solution will cause the water to boil and the acid to spatter. “Do as you
oughter, pour acid into water.”

Avoid rubbing your eyes unless you know that your hands are clean.

When inserting glass tubing or thermometers into stoppers, lubricate the
tubing and the hole in the stopper with glycerol or water. Wrap the rod in a
towel and grasp it as close to the end being inserted as possible. Slide
the glass into the rubber stopper with a twisting motion. Do not push.
Finally, remove the excess lubricant by wiping with a towel. Keep your
hands as close together as possible in order to reduce leverage.

Laboratory Experiments
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Laboratory Safety and Work Instructions

15. For safety purposes, always place the ring stand as far back on the labo-
ratory bench as comfortable, with the long edges of the base perpendic-
ular to the front of the bench.

Handle

Ring




16. NOTIFY THE INSTRUCTOR IMMEDIATELY IN CASE OF AN
ACCIDENT.

17. Many common reagents—for example, alcohols, acetone, and especially
ether—are highly flammable. Do not use them anywhere near open flames.

18. Observe all special precautions mentioned in experiments.
19. Learn the location and operation of fire-protection devices.

In the unlikely event that a large chemical fire occurs, carbon dioxide
fire extinguishers are available in the lab (usually mounted near one of the
exits in the room). A typical carbon dioxide fire extinguisher is shown
below.

In order to activate the extinguisher, you must pull the metal safety ring
from the handle and then depress the handle. Direct the output from the ex-
tinguisher at the base of the flames. The carbon dioxide smothers the flames
and cools the flammable material quickly. If you use the fire extinguisher, be
sure to turn the extinguisher in at the stockroom so that it can be refilled im-
mediately. If the carbon dioxide extinguisher does not extinguish the fire,
evacuate the laboratory immediately and call the fire department.

One of the most frightening and potentially most serious accidents is the ig-
nition of one’s clothing. Certain types of clothing are hazardous in the labora-
tory and must not be worn. Since sleeves are most likely to come closest to
flames, ANY CLOTHING THAT HAS BULKY OR LOOSE SLEEVES
SHOULD NOT BE WORN IN THE LABORATORY. Ideally, students should
wear laboratory coats with tightly fitting sleeves. Long hair also presents a
hazard and must be tied back.

If a student’s clothing or hair catches fire, his or her neighbors should take
prompt action to prevent severe burns. Most laboratories have a water
shower for such emergencies. A typical laboratory emergency water shower
has the following appearance:

Metal ring

In case someone’s clothing or hair is on fire, immediately lead the person
to the shower and pull the metal ring. Safety showers generally dump 40 to
50 gallons of water, which should extinguish the flames. These showers gen-
erally cannot be shut off once the metal ring has been pulled. Therefore, the
shower cannot be demonstrated. (Showers are checked for proper operation
on a regular basis, however.)

20. Whenever possible, use hot plates in place of Bunsen burners.

Laboratory Experiments
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xviii ~Laboratory Safety and Work Instructions

BASIC
INSTRUCTIONS
FOR LABORATORY
WORK

N

O1

SN

10.
11.

12.
13.

14.

Read the assignment before coming to the laboratory.

Work independently unless instructed to do otherwise.

Record your results directly onto your report sheet or notebook. DO
NOT RECOPY FROM ANOTHER PIECE OF PAPER.

Work conscientiously to avoid accidents.

Dispose of excess reagents as instructed by your instructor. NEVER
RETURN REAGENTS TO THE REAGENT BOTTLE.

Do not place reagent-bottle stoppers on the desk; hold them in your
hand. Your laboratory instructor will show you how to do this. Replace
the stopper on the same bottle, never on a different one.

Leave reagent bottles on the shelf where you found them.

Use only the amount of reagent called for; avoid excesses.

Whenever instructed to use water in these experiments, use distilled
water unless instructed to do otherwise.

Keep your area clean.

Do not borrow apparatus from other desks. If you need extra equipment,
obtain it from the stockroom.

When weighing, do not place chemicals directly on the balance.

Do not weigh hot or warm objects. Objects should be at room
temperature.

Do not put hot objects on the desktop. Place them on a wire gauze or
heat-resistant pad.

“I have read and understand these instructions as well as
the laboratory safety and work instructions”

Student Signature Date
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Test tube

Bunsen burner
Pinchclamp

Watch glass

Beaker
Erlenmeyer flask Florence flask -

Medicine dropper

Weighing bottle

Graduated cylinder

Buret
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Experiment

Basic Laboratory
Techniques

To learn the use of common, simple laboratory equipment. ] OBJECTIVE
{‘)\I;Pal‘ams 5 b . ] APPARATUS
alance unsen burner and hose
150- and 250-mL beakers meter stick, or ruler AND CHEMH:ALS

50- and 125-mL Erlenmeyer flasks 10-mL pipet
50- or 100-mL graduated cylinder rubber bulb for pipet

barometer ring stand and iron ring
clamp thermometer

large test tube

Chemicals

ice antifreeze (ethylene glycol)

Chemistry is an experimental science. It depends upon careful observation | DISCUSSION
and the use of good laboratory techniques. In this experiment, you will be-

come familiar with some basic operations that will help you throughout this

course. Your success as well as your safety in future experiments will de-

pend upon your mastering these fundamental operations.

Because every measurement made in the laboratory is really an approxi-
mation, it is important that the numbers you record reflect the accuracy and
precision of the device you use to make the measurement. Appendix A of
this manual contains a section on significant figures and measurements that
you may find helpful in performing this experiment. Our system of weights
and measures, the metric system, was originally based mainly upon funda-
mental properties of one of the world’s most abundant substances: water.
The system is summarized in Table 1.1. Conversions within the metric sys-
tem are quite simple once you have committed to memory the meaning of
the prefixes given in Table 1.2 and you use dimensional analysis.

In 1960 international agreement was reached, specifying a particular
choice of metric units in which the basic units for length, mass, and time are
the meter, the kilogram, and the second. This system of units, known as the
International System of Units, is commonly referred to as the SI system and
is preferred in scientific work. A comparison of some common SI, metric,
and English units is presented in Table 1.3.

In Table 1.1, the prefix means the power of 10. For example, 5.4 centimeters
means 5.4 X 1072 meter; centi- has the same meaning as X 1072
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TABLE 1.1 Units of Measurement in the Metric System

Measurement

Unit and definition

Mass or weight

Length
Volume
Temperature

Heat

Density

Specific gravity

Gram (g) = mass of 1 cubic centimeter (cm?) of water at 4°C
and 760 mm Hg

Mass = quantity of material

Weight = mass X gravitational force

Meter (m) = 100 cm = 1000 millimeters (mm) = 39.37 in.

Liter (L) = volume of 1 kilogram (kg) of water at 4°C

°C, measures heat intensity:
°C=3°F-32) or °F=2C+32

1 calorie (cal), amount of heat required to raise 1 g of water 1°C:
1 cal = 4.184 joules (])

d, usually g/mL, for liquids, g/L for gases, and g/cm? for solids
mass

unit volume

sp gr, dimensionless:
density of a substance

sp gr = -
P& density of a reference substance

TABLE 1.2 The Meaning of Prefixes in the Metric System

Meaning
Prefix (power of 10) Abbreviation
femto- 1071 f
pico- 10712 p
nano- 1077 n
micro- 1070 I
milli- 1078 m
centi- 1072 C
deci- 107! d
kilo- 10° k
mega- 106 M
giga- 10° G

TABLE 1.3 Comparison of SI, Metric, and English Units

Physical
quantity

Conversion factors

Length

Volume

Mass

Energy

Temperature

Some common between metric
SI unit metric units and English units
Im = 10%cm
Meter (m) Meter (m) 1m = 39.37in.
Centimeter (cm) lin. = 254 cm
1L = 10°em®
Cubic meter (m®)  Liter (L) 1L =10"3%m3
Milliliter (mL)" 1L = 1.06 qt
1kg =10%g
Kilogram (kg) Gram (g) 1kg =22051b
Milligram (mg) 1lb =4536¢g
Joule (J) Calorie (cal) 1cal = 4.184]
0K = —273.15°C
Kelvin (K) Degree celsius (°C) °C = g("F - 32)
°F = 2°C + 32

*A mL is the same volume as a cubic centimeter: 1 mL = 1 cm®.
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Rotating
top
Sample pan

Power cord
i Draft protector
Power switch

Sliding ——
door
Sample pan —__}

Level
indicator

Level indicator

Mass

display Integration
Range time switch Tare switch
switch

Tare button Leveling screw Mass indicator

Calibration knob
STANDBY /ON switch

(b)

(a)

A FIGURE 1.1 Digital electronic balances. The balance gives the mass directly when an object to be
weighed is placed on the pan. (a) Analytical balance. (b) Top loader.

ExAMPLE 1.1
Convert 6.7 nanograms to milligrams.

SOLUTION:

1079 ¢ 1mg>_ »
(6.7ng)( Tog )(10_35 = 6.7 X 107° mg

Notice that the conversion factors have no effect on the magnitude (only the
power of 10) of the mass measurement.

The quantities presented in Table 1.1 are measured with the aid of various
pieces of apparatus. A brief description of some measuring devices follows.

Laboratory Balance

A laboratory balance is used to obtain the mass of various objects. There are
several varieties of balances, with various limits on their accuracy. Two com-
mon kinds of balances are depicted in Figure 1.1. These single-pan balances
are found in most modern laboratories. Generally they are simple to use, but
they are very delicate and expensive. The amount of material to be weighed
and the accuracy required determine which balance you should use.

Meter Rule

The standard unit of length is the meter (m), which is 39.37 in. in length. A
metric rule, or meterstick, is divided into centimeters (1 cm = 0.01 m;
1m = 100 cm) and millimeters (1 mm = 0.001 m; 1 m = 1000 mm). It fol-
lows that 1 in. is 2.54 cm. (Convince yourself of this, because it is a good
exercise in dimensional analysis.)

Graduated Cylinders

Graduated cylinders are tall, cylindrical vessels with graduations scribed
along the side of the cylinder. Since volumes are measured in these cylinders

3
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PROCEDURE

by measuring the height of a column of liquid, it is critical that the cylinder
have a uniform diameter along its entire height. Obviously, a tall cylinder
with a small diameter will be more accurate than a short one with a large di-
ameter. A liter (L) is divided into milliliters (mL), such that 1 mL = 0.001 L,
and 1 L = 1000 mL.

Thermometers

Most thermometers are based upon the principle that liquids expand when
heated. Most common thermometers use mercury or colored alcohol as the
liquid. These thermometers are constructed so that a uniform-diameter cap-
illary tube surmounts a liquid reservoir. To calibrate a thermometer, one de-
fines two reference points, normally the freezing point of water (0°C, 32°F)
and the boiling point of water (100°C, 212°F) at 1 atm of pressure
(1 atm = 760 mm Hg). Once these points are marked on the capillary, its
length is then subdivided into uniform divisions called degrees. There are
100° between these two points on the Celsius (°C, or centigrade) scale and
180° between those two points on the Fahrenheit (°F) scale.

Pipets

Pipets are glass vessels that are constructed and calibrated so as to deliver a
precisely known volume of liquid at a given temperature. The markings on
the pipet illustrated in Figure 1.2 signify that this pipet was calibrated to de-
liver (TD) 10.00 mL of liquid at 25°C. Always use a rubber bulb to fill a pipet.
NEVER USE YOUR MOUTH! A TD pipet should not be blown empty.

It is important that you be aware that every measuring device, regardless
of what it may be, has limitations in its accuracy. Moreover, to take full ad-
vantage of a given measuring instrument, you should be familiar with or
evaluate its accuracy. Careful examination of the subdivisions on the device
will indicate the maximum accuracy you can expect of that particular tool. In
this experiment you will determine the accuracy of your 10-mL pipet. The
approximate accuracy of some of the equipment you will use in this course is
given in Table 1.4.

Not only should you obtain a measurement to the highest degree of accuracy
that the device or instrument permits, but you should also record the reading or
measurement in a manner that reflects the accuracy of the instrument (see the
section on significant figures in Appendix A). For example, a mass obtained from
an analytical balance should be observed and recorded to the nearest 0.0001 g, or
0.1 mg. If the same object were weighed on a top-loading balance, its mass is
recorded to the nearest 0.001 g. This is illustrated in Table 1.5.

A. The Meterstick

Examine the meterstick and observe that one side is ruled in inches, whereas
the other is ruled in centimeters. Measure and record the length and width of
your lab book in both units. Mathematically convert the two measurements
to show that they are equivalent.

B. The Graduated Cylinder

Examine the 100-mL graduated cylinder and notice that it is scribed in
milliliters. Fill the cylinder approximately half full with water. Notice that
the meniscus (curved surface of the water) is concave (Figure 1.3).

*1 mm Hg is also called 1 torr.
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Volume ——
= / or calibration
B mark

Note: Touch tip

to side of flask )
to remove Simple safety bulk? .
last drop of (may have a plastic tip)
o liquid from pipet
10 mL
— Aspirate
Erlenmeyer flask
Empty
Suction
Filling the pipet using Empty the pipet
the simple rubber bulb using the index finger
to control liquid flow Valve-type bulb

A FIGURE 1.2 Atypical volumetric pipet, rubber bulbs, and the pipet-filling technique.

TABLE 1.4 Equipment Accuracy TABLE 1.5 Significant Figures Used in Recording Mass
Equipment Accuracy Analytical balance Top loader

Analytical balance +0.0001 g (£0.1 mg) 85.9 g (incorrect) 85.9 g (incorrect)
Top-loading balance +0.001 g (&1 mg) 85.93 g (incorrect) 85.93 g (incorrect)

Meterstick +0.1 cm (£1 mm) 85.932 g (incorrect) 85.932 g (correct)

Graduated cylinder +0.1 mL 85.9322 g (correct)

Pipet +0.02 mL

Buret +0.02 mL

Thermometer +0.2°C

The lowest point on the curve is always read as the volume, never the
upper level. Avoid errors due to parallax; different and erroneous readings
are obtained if the eye is not perpendicular to the scale. Read the volume of
water to the nearest 0.1 mL. Record this volume. Measure the maximum
amount of water that your largest test tube will hold. Record this volume.

C. The Thermometer and Its Calibration

This part of the experiment is performed to check the accuracy of your ther-
mometer. These measurements will show how measured temperatures (read
from thermometer) compare with true temperatures (the boiling and freez-
ing points of water). The freezing point of water is 0°C; the boiling point
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Avoid parallax by
placing your eye level
precisely parallel to
the meniscus level.

$ Improper position
\> Proper position
ﬁ Improper

A FIGURE 1.3 Proper eye position for taking volume readings.

™~

Meniscus = |
reading 84.0 mL

depends upon atmospheric pressure and is calculated as shown in
Example 1.2. Place approximately 50 mL of ice in a 250-mL beaker and cover
the ice with distilled water. Allow about 15 min for the mixture to come to
equilibrium and then measure and record the temperature of the mixture.
Theoretically, this temperature is 0°C. Now, set up a 250-mL beaker on a wire
gauze and iron ring as shown in Figure 1.4. Fill the beaker about half full
with distilled water. Adjust your burner to give maximum heating and begin
heating the water. (Time can be saved if the water is heated while other parts of the
experiment are being conducted.) Periodically determine the temperature of the
water with the thermometer, but be careful not to touch the walls of the beaker
with the thermometer bulb. Record the boiling point (b.p.) of the water. Using
the data given in Example 1.2, determine the true boiling point at the observed

Stopper with a slit

Clamp

_——— Thermometer

Beaker

Wire gauze

Iron ring

A FIGURE 1.4 Apparatus setup for thermometer calibration.




atmospheric pressure. Obtain the atmospheric pressure from your laboratory
instructor. Determine the temperature correction to be applied to your ther-
mometer readings.

EXAMPLE 1.2
Determine the boiling point of water at 642 mm Hg.

SOLUTION: Temperature corrections to the boiling point of water are calcu-
lated using the following formula:

b.p. correction = (760 mm Hg — atmospheric pressure) X (0.037°C/mm)

The correction at 642 mm Hg is therefore

b.p. correction = (760 mm Hg — 642 mm Hg) X (0.037°C/mm) = 4.4°C
The true boiling point is thus

100.0°C — 4.4°C = 95.6°C

Using the graph paper provided, construct a thermometer-calibration curve
like the one shown in Figure 1.5 by plotting observed temperatures versus
true temperatures for the boiling and freezing points of water.

D. Using the Balance to Calibrate Your 10-mL Pipet

Weighing an object on a single-pan balance is a simple matter. Because of the
sensitivity and the expense of the balance (some cost more than $2500), you
must be careful in its use. Directions for operation of single-pan balances
vary with make and model. Your laboratory instructor will explain how to
use the balance. Regardless of the balance you use, proper care of the balance
requires that you observe the following:

1. Do not drop an object on the pan.

2. Center the object on the pan.

3. Do not place chemicals directly on the pan; use a beaker, watch glass,
weighing bottle, or weighing paper.

96

Observed thermometer temperature (°C)

1 1
0 95

True temperature (°C)

A FIGURE 1.5 Typical thermometer-calibration curve.
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4. Do not weigh hot or warm objects; objects must be at room temperature.

5. Return all weights to the zero position after weighing.

6. Clean up any chemical spills in the balance area.

7. Inform your instructor if the balance is not operating correctly; do not
attempt to repair it yourself.

The following method is used to calibrate a pipet or other volumetric glass-
ware. Obtain about 40 mL of distilled water in a 150-mL beaker. Allow the
water to sit on the desk while you weigh and record the mass of an empty, dry
50-mL Erlenmeyer flask (tare) to the nearest 0.1 mg. Measure and record the
temperature of the water. Using your pipet and rubber bulb, pipet exactly
10 mL of water into this flask and weigh the flask with the water in it (gross) to
the nearest 0.1 mg. Obtain the mass of the water by subtraction (gross — tare
= net). Using the equation below and the data given in Table 1.6, obtain the
volume of water delivered and therefore the volume of your pipet.

_ mass m
Density volume a 14
Normally, density is given in units of grams per milliliter (g/mL) for liquids,
grams per cubic centimeter (g/cm?) for solids, and grams per liter (g/L) for
gases. Repeat this procedure in triplicate—that is, deliver and weigh exactly
10 mL of water three separate times.

ExAMPLE 1.3

Using the procedure given above, a mass of 10.0025 g was obtained for the
water delivered by one 10-mL pipet at 22°C. What is the volume delivered
by the pipet?

SOLUTION: From the density equation given above, we know that

For mass we substitute our value of 10.0025 g. For the density, consult Table 1.6.
At 22°C, the density is 0.997770 g/mL. The calculation is

10.0025 g

V = Gourmogmi = 100249 mL

which must be rounded off to 10.02, because the pipet’s volume can be deter-
mined only to within a precision of +0.02 mL.

TABLE 1.6 Density of Pure Water at Various Temperatures

T (O d (g/mL) T (O d (g/mL)
15 0.999099 22 0.997770
16 0.998943 23 0.997538
17 0.998774 24 0.997296
18 0.998595 25 0.997044
19 0.998405 26 0.996783
20 0.998203 27 0.996512
21 0.997992 28 0.996232

J—




The precision of a measurement is a statement about the internal agree-
ment among repeated results; it is a measure of the reproducibility of a given
set of results. The arithmetic mean (average) of the results is usually taken as
the “best” value. The simplest measure of precision is the average deviation
from the mean. The average deviation is calculated by first determining the
mean of the measurements, then calculating the deviation of each individual
measurement from the mean and, finally, averaging the deviations (treating
each as a positive quantity). Study Example 1.4 and then, using your own
experimental results, calculate the mean volume delivered by your 10-mL
pipet. Also calculate for your three trials the individual deviations from the
mean and then state your pipet’s volume with its average deviation.

ExaMmPLE 1.4

The following volumes were obtained for the calibration of a 10-mL pipet: 10.15,
10.12, and 10.00 mL. Calculate the mean value and the average deviation from
the mean.

SOLUTION:

.15 + 10.12 + 10.
Mean = 10.15 10312 10.00 - 10.09

Deviations from the mean: | value — mean |

[10.15 — 10.09| = 0.06

[10.12 — 10.09| = 0.03

[10.00 - 10.09] = 0.09
Average deviation from the mean

_0.06 +0.03 +0.09
3

The reported value is therefore 10.09 + 0.06 mL.

= 0.06

E. Measuring the Density of Antifreeze

Weigh a dry 50-mL flask to the nearest 0.1 mg, and record its mass. Using
your pipet, measure a 10-mL sample of antifreeze solution into the 50-mL
flask, weigh the flask and its contents, and record this mass. Repeat these
measurements two more times to give you an indication of the precision of
your measurements. Use the measured mass and volume to calculate the
density of the antifreeze for each measurement. Using the three values for
the density, calculate the mean density and the average deviation from the
mean for your determinations.

You should be able to answer the following questions before beginning this
experiment:

1.  What are the basic units of length, mass, volume, and temperature in
the SI system?

2. What decimal power do the following abbreviations represent: (a) M
(b) k (c) m (d) n (e) u?

3.  What is the number of significant figures in each of the following mea-
sured quantities? (a) 351 g; (b) 0.0100 mL; (c) 1.010 mL; (d) 3.72 X 1073 cm.

Laboratory Experiments

PRE LAB
QUESTIONS

9




10 Experiment 1 ¢ Basic Laboratory Techniques

4.

10.
11.

12.

13.

14.

15.

What is the length of a crystal of copper sulfate in millimeters that is
0.250 inches long?

Perform the following conversions: (a) 72.3 mg to g; (b) 6.0 X 107 m
to mm; (c) 325 mm to um.

DNA is approximately 2.5 nm in length. If an average man is 6 ft tall,
how many DNA molecules could be stacked end to end in an average
man?

A liquid has a volume of 3.70 liters. What is its volume in mL? In cm%?
Why should you never weigh a hot object?

Why is it necessary to calibrate a thermometer and volumetric glass-
ware?

What is precision?

What is the density of an object with a mass of 1.663 g and a volume of
0.2009 mL?

Weighing an object three times gave the following results: 9.2 g, 9.1 g,
and 9.3 g. Find the mean mass and the average deviation from the mean.

Normal body temperature is 37.0°C. What is the corresponding
Fahrenheit temperature?

What is the mass in kilograms of 750 mL of a substance that has a den-
sity of 0.930 g/mL?

An object weighs exactly 5 g on an analytical balance that has an accu-
racy of 0.1 mg. To how many significant figures should this mass be
recorded?




Name Desk

Date Laboratory Instructor

REPORT SHEET | EXPERIMENT
Basic Laboratory Techniques | 1

A. The Meterstick
Length of this lab book in. cm mm m
Width of this lab book in. cm mm m

Using an equation (including units), show that the above measurements are equivalent.

Area of this lab book (show calculations) cmy

B. The Graduated Cylinder

Volume of water in graduated cylinder mL

Volume of water contained in largest test tube mL (depends upon test tube)

C. The Thermometer and Its Calibration

Observed temperature of water-and-ice mixture °C
Temperature of boiling water °C
Observed atmospheric pressure mm Hg
True (corrected) temperature of boiling water °C
Thermometer correction °C

D. Using the Balance to Calibrate Your 10-mL Pipet

Temperature of water used in pipet °C
Corrected temperature °C

Trial 1 Trial 2 Trial 3
Mass of Erlenmeyer plus g
~10 mL H,O (gross mass)
Mass of Erlenmeyer (tare mass) g
Mass of ~10 mL of H,O (net mass) g

11
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Volume delivered by 10-mL mL
pipet (show calculations)

Mean volume delivered by 10-mL pipet (show calculations) mL

Trial 1 Trial 2 Trial 3

Individual deviations from the mean

Average deviation from the mean (show calculations) mL

Volume delivered by your 10-mL pipet mL =+ mL

E. Measuring the Density of Antifreeze

Temperature of antifreeze °C

Trial 1 Trial 2 Trial 3

Mass of flask + antifreeze
Mass of empty flask

Mass of antifreeze

ge 09 09 09

Density of antifreeze
(show calculation below)

Mean (average) density

Average deviation from the mean
(show calculation below)
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QUESTIONS

1. Identify each of the following as measurements of length, area, volume, mass, density, time, or tempera-
ture: (a) ns; (b) 10.0 kg/m?; (c) 1.2 pm; (d) 750 km?; (e) 83K; (f) 4.0 mm°.

2. Carry out the following operations, and express the answer with the appropriate number of significant
figures and units. (a) (5.231 mm)(6.1 mm); (b) 72.3 g/1.5 mL; (c) 1221 g + 0.0132 g; (d) 31.03 g + 12 mg.

3. Drug medications are often prescribed on the basis of body weight. The adult dosage of Elixophyllin, a
drug used to treat asthma, is 6 mg/kg of body mass. Calculate the dose in milligrams for a 150-Ib person.

4. A man who is 5 ft 8 in. tall weighs 160 lb. What is his height in centimeters and his mass in kilograms?

5. Determine the boiling point of water at 620 mm Hg.

6. A pipet delivers 9.98 g of water at 20°C. What volume does the pipet deliver?

7. Apipet delivers 10.4, 10.2, 10.8, and 10.6 mL in consecutive trials. Find the mean volume and the average
deviation from the mean.

8. A 141-mg sample was placed on a watch glass that weighed 9.203 g. What is the weight of the watch
glass and sample in grams?
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9. (a) Using the defined freezing and boiling points of water, make a plot of degrees Fahrenheit versus de-
grees Celsius on the graph paper provided.

(b) Determine the Celsius equivalent of 40°F using your graph. The relationship between these two tem-
perature scales is linear (i.e., it is of the form y = mx + b). Consult Appendix B regarding linear rela-
tionships and determine the equation that relates degrees Fahrenheit to degrees Celsius.

(c) Compute the Celsius equivalent of 40°F using this relationship.
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Thermometer Calibration Curve
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Identification of
Substances by
Physical Properties

To become acquainted with procedures used in evaluating physical proper-
ties and the use of these properties to identify substances.

Apparatus

balance Bunsen burner and hose

50-mL beakers (2) stirring rod

250-mL beaker dropper

50-mL Erlenmeyer flask boiling chips

10-mL graduated cylinder thermometer

large test tubes (2) spatula

small test tubes (6) small watch glass

test-tube rack capillary tubes (5)

10-mL pipet tubing with right-angle bend

ring stand and ring utility clamp

wire gauze two-hole stopper

no. 3 two-hole stopper small rubber bands (or small
with one of the holes slit sections of Y/j-in. rubber tubing)

to the side or a buret clamp rubber bulb for pipet

Chemicals

ethyl alcohol cyclohexane

toluene naphthalene

soap solution two unknowns (one liquid;

one solid)

Properties are those characteristics of a substance that enable us to identify it
and to distinguish it from other substances. Direct identification of some
substances can readily be made by simply examining them. For example, we
see color, size, shape, and texture, and we can smell odors and discern a va-
riety of tastes. Thus, copper can be distinguished from other metals on the
basis of its color.

Physical properties are those properties that can be observed without al-
tering the composition of the substance. Whereas it is difficult to assign
definitive values to such properties as taste, color, and odor, other physical
properties, such as melting point, boiling point, solubility, density, viscosity,
and refractive index, can be expressed quantitatively. For example, the melt-
ing point of copper is 1087°C and its density is 8.96 g/cm>. As you probably
realize, a specific combination of properties is unique to a given substance,
thus making it possible to identify most substances just by careful determi-
nation of several properties. This is so important that large books have been
compiled listing characteristic properties of many known substances. Many

| OBJECTIVE

[ Aframatys
AND CHEMICALS

| DISCUSSION
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PROCEDURE

scientists, most notably several German scientists during the latter part of
the nineteenth century and earlier part of the twentieth, spent their entire
lives gathering data of this sort. Two of the most complete references of this
type that are readily available today are The Chemical Rubber Company’s
Handbook of Chemistry and Physics and N. A. Lange’s Handbook of Chemistry.

In this experiment, you will use the following properties to identify a sub-
stance whose identity is unknown to you: solubility, density, melting point,
and boiling point. The solubility of a substance in a solvent at a specified tem-
perature is the maximum weight of that substance that dissolves in a given
volume (usually 100 mL or 1000 mL) of a solvent. It is tabulated in hand-
books in terms of grams per 100 mL of solvent; the solvent is usually water.

Density is an important physical property and is defined as the mass per
unit volume:

Melting or freezing points correspond to the temperature at which the lig-
uid and solid states of a substance are in equilibrium. These terms refer to
the same temperature but differ slightly in their meaning. The freezing point is
the equilibrium temperature when approached from the liquid phase—that
is, when solid begins to appear in the liquid. The melting point is the equilib-
rium temperature when approached from the solid phase—that is, when lig-
uid begins to appear in the solid.

Aliquid is said to boil when bubbles of vapor form within it, rise rapidly
to the surface, and burst. Any liquid in contact with the atmosphere will boil
when its vapor pressure is equal to atmospheric pressure—that is, the liquid
and gaseous states of a substance are in equilibrium. Boiling points of liquids
depend upon atmospheric pressure. A liquid will boil at a higher tempera-
ture at a higher pressure or at a lower temperature at a lower pressure. The
temperature at which a liquid boils at 760 mm Hg is called the normal boiling
point. To account for these pressure effects on boiling points, people have
studied and tabulated data for boiling point versus pressure for a large num-
ber of compounds. From these data, nomographs have been constructed. A
nomograph is a set of scales for connected variables (see Figure 2.5 for an ex-
ample); these scales are so placed that a straight line connecting the known
values on some scales will provide the unknown value at the straight line’s
intersection with other scales. A nomograph allows you to find the correc-
tion necessary to convert the normal boiling point of a substance to its boil-
ing point at any pressure of interest.

A. Solubility

Qualitatively determine the solubility of naphthalene (mothballs) in three
solvents: water, cyclohexane, and ethyl alcohol. (CAUTION: Cyclohexane is
highly flammable and must be kept away from open flames.) Determine the
solubility by adding two or three small crystals of naphthalene to 2 to 3 mL
(it is not necessary to measure either the solute weight or solvent volume) of
each of these three solvents in separate, clean, dry test tubes. Make an at-
tempt to keep the amount of naphthalene and solvent the same in each case.
Place a cork in each test tube and shake briefly. Cloudiness indicates insolu-
bility. Record your conclusions on the report sheet using the abbreviations
s (soluble), sp (sparingly soluble), and i (insoluble). Into each of three more
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clean, dry test tubes place 2 or 3 mL of these same solvents and add 4 or 5
drops of toluene in place of naphthalene. Record your observations. The for-
mation of two layers indicates immiscibility (lack of solubility). Now repeat
these experiments using each of the three solvents (water, cyclohexane, and
ethyl alcohol) with your solid and liquid unknowns and record your obser-
vations.

SAVE your solid and liquid unknowns for Parts B, C, and D, but dispose
of the other chemicals in the marked refuse container. Do not dispose of
them in the sink.

B. Density

Determine the densities of your two unknowns in the following manner.

The Density of a Solid Weigh about 1.5 g of your solid unknown to the
nearest 0.001 g and record the mass. Using a pipet or a wash bottle, half fill
a clean, dry 10-mL graduated cylinder with a solvent in which your unknown
is insoluble. Be careful not to get the liquid on the inside walls, because you
do not want your solid to adhere to the cylinder walls when you add it in a
subsequent step. Read and record this volume to the nearest 0.1 mL. Add the
weighed solid to the liquid in the cylinder, being careful not to lose any of
the material in the transfer process and ensuring that all of the solid is
beneath the surface of the liquid. Carefully tapping the sides of the cylinder
with your fingers will help settle the material to the bottom. Do not be con-
cerned about a few crystals that do not settle, but if a large quantity of the
solid resists settling, add one or two drops of a soap solution and continue
tapping the cylinder with your fingers. Now read the new volume to the
nearest 0.1 mL. The difference in these two volumes is the volume of your
solid (Figure 2.1). Calculate the density of your solid unknown.

You may recall that by measuring the density of metals in this way,
Archimedes proved to the king that the charlatan alchemists had in fact not
transmuted lead into gold. He did this after observing that he weighed less in
the bathtub than he did normally by an amount equal to the weight of the
fluid displaced. According to legend, upon making his discovery, Archimedes
emerged from his bath and ran naked through the streets shouting Eureka! (I
have found it).

The difference
between these
two readings
is the volume
of the solid.

Solid material (-~
settled on {
bottom

A FIGURE 2.1
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The Density of a Liquid Weigh a clean, dry 50-mL Erlenmeyer flask to
the nearest 0.0001 g. Obtain at least 15 mL of the unknown liquid in a clean,
dry test tube. Using a 10-mL pipet, pipet exactly 10 mL of the unknown lig-
uid into the 50-mL Erlenmeyer flask and quickly weigh the flask contain-
ing the 10 mL of unknown to the nearest 0.0001 g. Using the calibration
value for your pipet, if you calibrated it, and the weight of this volume of
unknown, calculate its density. Record your results and show how (with
units) you performed your calculations. SAVE the liquid for your boiling-
point determination.

C. Melting Point of Solid Unknown

Obtain a capillary tube and a small rubber band. Seal one end of the capillary
tube by carefully heating the end in the edge of the flame of a Bunsen burner
until the end completely closes. Rotating the tube during heating will help
you to avoid burning yourself (Figure 2.2).

Pulverize a small portion of your solid-unknown sample with the end of
a test tube on a clean watch glass. Partially fill the capillary with your un-
known by gently tapping the pulverized sample with the open end of the
capillary to force some of the sample inside. Drop the capillary into a glass
tube about 38 to 50 cm in length, with the sealed end down to pack the sam-
ple into the bottom of the capillary tube. Repeat this procedure until the sam-
ple column is roughly 5 mm in height. Now set up a melting-point apparatus
as illustrated in Figure 2.3.

Place the rubber band about 5 cm above the bulb on the thermometer and
out of the liquid. Carefully insert the capillary tube under the rubber band
with the closed end at the bottom. Place the thermometer with attached cap-
illary into the beaker of water so that the sample is covered by water, the
thermometer does not touch the bottom of the beaker, and the open end of
the capillary tube is above the surface of the water. Heat the water slowly
while gently agitating the water with a stirring rod. Observe the sample in
the capillary tube while you are doing this. At the moment that the solid

A FIGURE 2.2 Sealing one end of a capillary tube.




No. 3 two-hole
rubber stopper
with slit (stopper
and clamp may be
replaced by a
buret clamp)

250-mL beaker Thermometer

with water \

Capillary melting-point tube
Rubber band

Wire gauze

Place the capillary tube and
thermometer bulb at the same
elevation.

A FIGURE 2.3 Apparatus for melting-point determination.

melts, record the temperature. Also record the melting-point range, which is
the temperature range between the temperature at which the sample begins
to melt and the temperature at which all of the sample has melted. Using
your thermometer-calibration curve (from Experiment 1), correct these tem-
peratures to the true temperatures and record the melting point and melting-
point range. These temperatures may differ by only 1°C or less.

D. Boiling Point of Liquid Unknown

To determine the boiling point of your liquid unknown, put about 3 mL of
the material you used to determine the density into a clean, dry test tube.
Fit the test tube with a two-hole rubber stopper that has one slit; insert your
thermometer into the hole with the slit and one of your right-angle-bend
glass tubes into the other hole, as shown in Figure 2.4. Add one or two small

Thermometer

Plug slit with paper

Rubber stopper with a slit for
the thermometer

Clamp

250-mL beaker with water

Rubber tubing
to drain (avoid \J
constrictions) i

Wire gauze

Ring

Bunsen burner

A FIGURE 2.4 Apparatus for boiling-point determination.

Laboratory Experiments
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7
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A FIGURE 2.5 Use of nomograph for boiling-point correction for ethyl alcohol to
650 mm Hg.

boiling chips to the test tube to ensure even boiling of your sample. Position
the thermometer so that it is about 1 cm above the surface of the unknown
liquid. Clamp the test tube in the ring stand and connect to the right-angle-
bend tubing a length of rubber tubing that reaches to the sink. Assemble
your apparatus as shown in Figure 2.4. (CAUTION: Be certain that there
are no constrictions in the rubber tubing. Your sample is flammable. Keep
it away from open flames.)

Heat the water gradually and watch for changes in temperature. The
temperature will become constant at the boiling point of the liquid. Record
the observed boiling point. Correct the observed boiling point to the true
boiling point at room atmospheric pressure using your thermometer-
calibration curve. The normal boiling point (b.p. at 1 atm = 760 mm Hg)
can now be calculated (see Example 2.1, below) using the nomograph pro-
vided in Figure 2.5. Your boiling-point correction should not be more than
+5°C.

ExAMPLE 2.1

What will be the boiling point of ethyl alcohol at 650 mm Hg when its normal
boiling point at 760 mm Hg is known to be 78.3°C?

SOLUTION: The answer is easily found by consulting the nomograph in
Figure 2.5. A straight line drawn from 78.3°C on the left scale of normal boiling
points through 650 mm Hg on the pressure scale intersects the temperature cor-
rection scale at 4°C. Therefore,

normal b.p. — correction = observed b.p.
78.3°C — 4.0°C = 74.3°C
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TABLE 2.1 Physical Properties of Pure Substances

Solubility® in
Density Melting Boiling Ethyl
Substance (g/mL)  point(°C)  point(°C)  Water = Cyclohexane alcohol
Acetanilide 1.22 114 304 sp sp s
Acetone 0.79 —95 56 s s s
Benzophenone 1.15 48 306 i s s
Bromoform 2.89 8 150 i s s
2,3-Butanedione 0.98 -24 88 S s )
t-Butyl alcohol 0.79 25 83 s s s
Cadmium nitrate - 4H,0O 2.46 59 132 s i S
Chloroform 1.49 ~63.5 61 i s s
Cyclohexane 0.78 6.5 81.4 i s s
p-Dibromobenzene 1.83 86.9 219 i s s
p-Dichlorobenzene 1.46 53 174 i s s
m-Dinitrobenzene 1.58 90 291 i s s
Diphenyl 0.99 70 255 i s s
Diphenylamine 1.16 53 302 i s s
Diphenylmethane 1.00 27 265 i s S
Ether, ethyl propyl 1.37 =79 64 s s s
Hexane 0.66 -94 69 i s s
Isopropyl alcohol 0.79 —98 83 s s s
Lauric acid 0.88 43 22 i 5 s
Magnesium nitrate - 6H,O 1.63 89 330° s i s
Methyl alcohol 0.79 —98 65 s i s
Methylene chloride® 1.34 -97 40.1 i s s
Naphthalene 115 80 218 i s sp
a-Naphthol 1.10 94 288 i i s
Phenyl benzoate 1.23 71 314 i s s
Propionaldehyde 0.81 —81 48.8 s i s
Sodium acetate - 3H,0 1.45 58 123 s i sp
Stearic acid 0.85 70 291 i s sp
Thymol 0.97 52 232 sp s s
Toluene 0.87 —95 111 i s s
p-Toluidine 0.97 45 200 sp s s
Zinc chloride 291 283 732 s i s

% = soluble; sp = sparingly soluble; i = insoluble.
bToxic. Most organic compounds used in the lab are toxic.
“Boils with decomposition.

Similar calculations could be done for the compounds in Table 2.1 at any pressure
listed on the nomograph in Figure 2.5. In this experiment you will observe a boil-
ing point at a pressure other than at 760 mm Hg, and you wish to know its normal
boiling point. In order to estimate its normal boiling point, assume that, for exam-
ple, your observed boiling point is 57.0°C and the observed pressure is 650 mm
Hg. Use your observed boiling point of 57.0°C as if it were the normal boiling
point and find the correction for a pressure of 650 mm Hg. Using the nomograph,
you can see that the correction is 3.8°C. You would then add this correction to
your observed boiling point to obtain an approximate normal boiling point:

57°C + 3.8°C = 60.8°C, or 61°C

By consulting Table 2.1, you can find the compound that best fits your data; in
this example, the data are for chloroform.
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E. Unknown Identification

Your unknowns are substances contained in Table 2.1. Compare the proper-
ties that you have determined for your unknowns with those in the table.
Identify your unknowns and record your results.

Dispose of your unknowns in the appropriate marked refuse containers.

PRE LAB Before beginning this experiment in the laboratory, you should be able to an-
QUESTIONS swer the following questions:
1. List five physical properties.

2. A 122 g sample of an unknown has a volume of 1.73 cm®. What is the
density of the unknown?

3. Are the substances lauric acid and stearic acid solids or liquids at room
temperature? (See Table 2.1.)

4. Could you determine the density of zinc chloride using water? Why or
why not? (See Table 2.1.)

What would be the boiling point of hexane at 670 mm Hg?
Why do we calibrate thermometers and pipets?

Is toluene miscible with water? With ethyl alcohol? (See Table 2.1.)

© N o W

When water and bromoform are mixed, two layers form. Is the bottom
layer water or bromoform? (See Table 2.1.)

9. What solvent would you use to determine the density of zinc chloride?

10. The density of a solid with a melting point of 42° to 44°C was deter-
mined to be 0.87 + 0.02 g/mL. What is the solid?

11.  The density of a liquid whose boiling point is 55° to 57°C was deter-
mined to be 0.77 + 0.05 g/mL. What is the liquid?

12.  Which has the greater volume, 10 g of hexane or 10 g of toluene? What
is the volume of each?




Name Desk

Date Laboratory Instructor

Liquid unknown no.

Solid unknown no.

REPORT SHEET EXPERIMENT

Identification of Substances | 2
by Physical Properties

A. Solubility

Water Cyclohexane Ethyl alcohol
Naphthalene
Toluene

Liquid unknown

Solid unknown

B. Density
Solid

Final volume of liquid in cylinder mL

Initial volume of liquid in cylinder mL Diphenylamine data

Volume of solid mL

Mass of solid g Density of solid g/mL
(show calculations)

Liquid
Volume of liquid mL

Volume of liquid corrected for the
pipet correction mL

Mass of 50-mL Erlenmeyer plus
10 mL of unknown g Isopropyl alcohol data

Mass of 50-mL Erlenmeyer

Mass of liquid g Density g/mL
(show calculations)

25
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C. Melting Point of Solid Unknown

Observed melting point °C
Corrected (apply thermometer

correction to obtain) °C
Observed melting-point range °C

Corrected (apply thermometer
correction to obtain) °C

D. Boiling Point of Liquid Unknown

Barometric pressure mm Hg

Observed °C

Corrected (apply thermometer
correction to obtain) °C

Estimated true (normal) b.p. (apply
pressure correction to obtain) °C

E. Unknown Identification

Solid unknown

Liquid unknown

QUESTIONS
1. Is p-dibromobenzene a solid or a liquid at room temperature?
2. What solvent would you use to measure the density of napthalene acid?

3. Convert your densities to kg/L and compare these values with those in g/mL.

4. If air bubbles were trapped in your solid beneath the liquid level in your density determination, what
error would result in the volume measurement, and what would be the effect of this error on the calcu-
lated density?

5. Aliquid unknown was found to be insoluble in water and soluble in cyclohexane and alcohol; the un-
known was found to have a boiling point of 58°C at 670 mm Hg. What is the substance? What could you
do to confirm your answer?
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6. Aliquid that has a density of 0.80 + 0.01 g/mL is soluble in cyclohexane. What liquids may this be?

7. What is the boiling point of cyclohexane at 620 mm Hg?

Consult a handbook or the internet for the following questions and specify the source used.

8.  Osmium is the densest element known. What are its density and melting point?

9. What are the colors of CoCl, and CoCl, - 6H,0O?

10. What are the formula, molar mass, and color of potassium permanganate?

*Until recently, much confusion existed in the literature as to which is the densest metal, osmium or iridium. The currently accepted
densities are 22.588 + 0.015 g/mL and 22.562 g/mL respectively. See: Platinum Metal Rev., 1995, 39, 164.
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The Separation of a Mixture into Pure Sulbstances

The experiment is designed to familiarize you with some standard
chemical techniques and to encourage careful work in separating and weighing
chemicals.

In this experiment you will separate a mixture of three substances, sodium
chloride (NaCl), benzoic acid (CeHsCOOH), and silicon dioxide (SiO») , into pure
substances based on their solubility in water. The amount of a substance that
will dissolve in water depends on the nature of the substance and on the
temperature. Water is a polar substance so other polar substances will dissolve
in water - (“Likes dissolve Likes”). Sodium chloride is an ionic compound that is
quite soluble in water. Silicon dioxide (sand) is a large macromolecule that is
essentially insoluble in water. Benzoic acid is polar, but is much less polar than
water so it dissolves in water only to a limited extent. The solubility of these
three substances in water is given below. The solubility of each is expressed in
terms of grams of the solid that dissolves in 100 g of water. It is evident that
each of these has a different solubility/temperature relationship.

Solubility (9/100g H»0O) as a Function of Temperature

Temperature
Substance O 20 40 60 80 100
NacCl 36.00 36.00 37.00 37.00 38.00 40.00
CeHsCOOH 0.17 0.29 0.42 1.20 2.80 7.00
SiOZ 0 0 0 0 0 0

In this experiment you will use decantation and two types of filtration.
Decantation is a process of separating a liquid (called supernatant) from a solid
residue by gently pouring off the liquid from the solid. It is easier to decant when
you pour the liquid down a stirring rod as shown in the procedure section.
Filtration separates a solid and a liquid using a porous material such as filter
paper which allows the liquid to pass but retains the solid. Grauvity filtration uses
the force of gravity to achieve separation. Vacuum filtration uses the suction
created by an aspirator to speed up the separation.

Materials List: 250 mL beakers mixture wire screen ring stand
Burner stirring rod ice bath drying oven
Buchner funnel boiling chips spatula watch glass
Procedure:

1. Carefully weigh a clean dry 250-ml beaker (beaker 1) to the nearest
.001 gram. Using a spatula, transfer about 5 to 6 grams of the mixture,
which contains sodium chloride, benzoic acid, and silicon dioxide into
beaker 1. Be sure to record which unknown you have. Weigh beaker
1 containing the mixture to the nearest 0.001 g. From the two weights,
obtain the weight of the mixture. Record your results on the data



sheet.

2. Add about 50 ml of distilled water to beaker. Place beaker 1 with its
contents on a wire screen, which is resting on an iron ring connected to
aring stand. See the diagram below:

3. Heat the mixture to the boiling point
(stop heating when boiling is observed),
and stir the mixture with a stirring rod to
make sure that all soluble material is
dissolved. At the boiling point temperature,
all benzoic acid and sodium chloride should
be in solution. Thus, they have been separated from sand. (This is an
extraction process.) Take about 15 ml of distilled water in a beaker
and bring it to a boil. This boiling water will be used in step 5.

4. Decant the liquid while it is hot into another 250 ml beaker (beaker 2).
Use Hot Hands to hold the hot beaker. Do not let the sand get into
beaker 2 or wait too long before decanting. Use a glass rod to aid the
decantation process. See figure below:

5. To dissolve as much benzoic acid and sodium chloride as possible,
wash the sand in beaker 1 with about 10 ml or less of boiling water and
decant the washing into beaker 2.



6. Place beaker 2 in an ice bath to let it cool. Observe carefully how the
benzoic acid crystallizes out of the solution. Set beaker 2 aside to
ensure maximum crystallization.

7. Place your beaker of sand in the drying oven so that it can dry
completely before weighing. Make sure you mark the beaker with a
grease pencil so you can identify it with your initials or some other
mark. Leave the beaker in the oven until you have finished the rest of
the lab to insure it is fully dried. When you take it out of the oven let it
cool, and weigh. You should move on to the next step and come back
to weigh the beaker at the end of the experiment.

8. Assemble the Buchner funnel with a filter flask. See the figure below.

FIG 23.4. Buchner funnel and flask for
filtration under reduced pressure

Filter paper

Buchner
funnel
(porcelain) Small holes in integral

platform in the funnel

—> To vacuum pump

Buchner
Flask

9. Connect a piece of vacuum rubber tubing from the water aspirator to
the filter flask. Vacuum rubber tubing is used so that it will not collapse
when the pressure is reduced.

10. Place the proper size of filter paper in the Buchner funnel and wet it
with distilled water using a wash bottle. This allows the filter paper to
sit down on the grating. Make sure to weigh your filter paper before
doing so.

11. Turn on the water aspirator. Make sure to turn it on just enough to
have proper suction occurring.

12. Pour the contents of beaker 2 (benzoic acid crystals) into the Buchner
funnel.

13. Wash the solid (benzoic acid) with about 5ml or less of distilled ice
water to ensure that the benzoic acid is free of sodium chloride.



14. Continue to suction until the liquid no longer drips from the funnel.

15. Disconnect the rubber tubing from the filter flask before turning off the
water aspirator. This prevents the water from backing up into the filter
flask. The filtrate (the liquid collected) is often the desired material.

16. Using a spatula transfer the suction dried benzoic acid onto a pre-
weighed marked watch glass. Place the filter paper and watch glass
into the drying oven for a few minutes to dry. When dry, take it out and
let it cool before weighing.

17. To a large beaker add three or four pieces of black boiling chips. Then
weigh the beaker to the nearest 0.001g.

18. Transfer the filtrate (liquid) from the filter flask into the large beaker
you just weighed in #17. Using a wash bottle rinse the filter flask with
as little water as possible. Add the washings to the beaker. Place the
beaker (which now contains sodium chloride and water) on a wire
screen, which is resting on a iron ring. Start to heat the solution gently
with a burner so that the liquid does not boil over. Later, reduce the
flame to avoid overheating, which may cause splattering of solid
sodium chloride or shatter your beaker. When the water is evaporated
entirely, let the sodium chloride dry, and the beaker cool before
weighing. Weigh the beaker and its contents to the nearest .001 g and
calculate the weight of sodium chloride.

19. Calculate the percentage of each substance in the mixture by using
the following formula:
%component = grams of component (salt or benzoic acid or sand) x 100
Total grams of mixture




Name:

Lab Partner's Name

Date:

REPORT SHEET: SEPARATION OF A MIXTURE

A. Record Identity of unknown
1.
. Weight of beaker 1 and mixture
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. Weight of mixture

. Weight of beaker 1 and dry sand

. Weight of dry sand

. Weight of filter paper

. Weight of watch glass

. Weight of watch glass, filter paper, and benzoic acid.
. Weight of benzoic acid

Weight of beaker 1

. Weight of large beaker and boiling chips

. Weight of beaker, boiling chips and sodium chloride
. Weight of sodium chloride

. Percentage of sand in mixture

. Percentage of benzoic acid in mixture

. Percentage of sodium chloride

. Total percentage of sample recovered

QUESTIONS:

1.

Based on the data provided in the introduction, graph the solubility of benzoic
acid as it changes with temperature.

. From your graph, determine the number of grams of benzoic acid that will

dissolve in 100 grams of water at 25 degrees C.

. If a solution is made up by mixing 6.0 g of benzoic acid in 1.00 L of water at 42

degrees C, would the solution be saturated? Would you expect to see solid on
the bottom of the container?

. From an 11.65 g sample containing sodium chloride, benzoic acid, and silicon

dioxide, 3.64 g of NaCl, 1.56 g of CsgHsCOOH and 5.92 g of SiO», were
recovered. Calculate the percentage of sodium chloride in the sample.



Paper
Chromatography:
Separation of
Cations and Dyes

To become acquainted with chromatographic techniques as a method of sep- [ QB}ECT IVE ‘
aration (purification) and identification of substances. ‘

Apparatus :
petri or evaporating dishes (2)  4-in. watch glasses (2) APPARATUS
paper chromatography 12.5-cm Whatman #1 filter paper | AND CHEMICALS
strips scissors LA
600-mL beaker 50- or 100-mL graduated cylinder
capillary pipets (6) sample vials (3)
6-in. glass stirring rod paper clips (3)
metric ruler
Chemicals
0.5 M Cu(NOg3), 0.5 M Fe(NOg3)3
0.5 M Ni(NOs3), solvent (90% acetone, 10%
15 M NH; 6 M HC], freshly prepared)
1% dimethylglyoxime isopropyl alcohol
in ethanol unknown solutions
black felt tip pen

Chromatography (from the Greek chroma, for color, and graphein, to write) is L kA
a technique often used by chemists to separate components of a mixture. In DISCUSSION
1906, the Russian botanist Mikhail Tsvett separated color pigments present
in leaves by allowing a solution of these pigments to flow down a column
packed with an insoluble material such as starch, alumina (Al,O3), or silica
(S5i0,). Because different color bands appeared along the column, he called
the procedure chromatography. Color is not a requisite property to achieve
separation of compounds by this procedure. Colorless compounds can be
made visible by being allowed to react with other reagents, or they can be
detected by physical means. Consequently, because of its simplicity and effi-
ciency, this technique has wide applicability for separating and identifying
compounds such as drugs and natural products. Chromatography is also
widely used in analyses such as detecting the use of steroids by competitive
athletes or by forensic scientists involved in criminal investigations.

The basis of chromatography is the partitioning (that is, separation arising
from differences in solubility) of compounds between a stationary phase and
a moving phase. Stationary phases such as alumina (Al,O3), silica (SiO,), and
paper (cellulose) have enormous surface areas. The molecules or ions of the
substances to be separated are continuously being adsorbed and then re-
leased (desorbed) into the solvent flowing over the surface of the stationary
phase. This brings about a separation of the components—that is, they will
travel with different speeds in the moving solvent because there are generally
different attractions between these components and the stationary phase.
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In paper chromatography, a small spot of the mixture to be separated is
placed at one end of a strip of paper, and solvent is allowed to move up the
paper, through the spot, by capillary action. The solvent and various compo-
nents of the mixture each travel at different speeds along the paper. In this
experiment, Fe>*, Cu®*, and Ni?* will be separated with a solvent that con-
sists of a mixture of acetone, water, and hydrochloric acid. A diagram of a
portion of a typical chromatogram strip is shown in Figure 10.1.

The identity of components in a mixture can be deduced by comparing a
chromatogram of the unknown with chromatograms of mixtures of compo-
nents suspected to be present in the unknown. An additional aid in identifi-
cation of a compound is its Ry value, which is defined as the ratio of the
distance traveled by a compound to the distance traveled by the solvent. For
example, for Cu®* (see Figure 10.1),

Ry(Cu) = 2 [
s

The Ry value of a compound is a characteristic of the compound, the sup-

port, and the solvent used, and it serves to identify the constituents of a mix-

ture. An estimate of the relative amount of each of the constituents in a

mixture can be made from the relative intensities and sizes of the various

bands in a chromatogram.

The three ions studied in this experiment will be discerned in the follow-
ing manner: Fe®' in water imparts a red-brown or rust color and thus will
produce a rust-colored band on the paper. Although Cu?" is blue, the color is
faint and not easily detected, especially if copper is present in small
amounts. In aqueous solution, however, Cu?* reacts with NH; (from ammo-
nium hydroxide) to form a complex ion, [Cu(NH3),]**, which is deep blue
and therefore readily observed. Finally, Ni** reacts with an organic reagent,
dimethylglyoxime, to produce a strawberry-red color. The following reac-
tions will occur during the development process on the paper:

Fe3+ + 30H- —» Fe(OH),

Faint yellow Rust colored

Cu2+ + 4NH; —> [Cu(NH;)4J2+
Pale blue Deep blue

o o)
H,C NOH H3C\ | | /CH3
C/ C=—— N\ /N ==C
Ni2+ + 2NH; + 2 | N l g l + 2NH,*
Pal C
ale green / \ C=—=N N=—= C\
H,C NOH Hc” | | CH,

Strawberry red
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A FIGURE 10.1

There are two simple ways of performing this experiment: either by circular
horizontal chromatography or by ascending chromatography using paper
strips. One half of the class should perform this experiment using one tech-
nique, and the other half should use the other technique. The two techniques
can then be compared in terms of time required, separation, and ease of
identification.

Make six capillary pipets (2 in. long) by drawing out 6-mm glass tubing.
Your instructor will demonstrate how this is done, or you can obtain the cap-
illary tubes from your instructor.

Obtain an unknown; you will analyze this at the same time you are con-
ducting the experiment on the known solutions. Your unknown may contain
one, two, or three of the ions being studied. Record the colors of the known
solutions on your report sheet (1).

Do not pour the chemicals down the drain. Dispose of them in the desig-
nated receptacles.

A. Horizontal Circular Technique

Cut a wick about 1 cm wide on a piece of 12.5-cm Whatman # 1 filter paper,
as shown in Figure 10.2. Avoid touching the filter paper with oily hands.
Trim about 1 cm from the end of the wick so that the filter paper will fit into
the petri dish. Mark the center of the paper with a pencil dot (do not use a

Capillary pipet

with solution

Spot
Filter paper ’

Fold

T e

A FIGURE 10.2
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pen). Place the cut filter paper on top of another piece of filter paper or paper
towel, which will serve as an absorbing pad. Using the following technique,
“spot” the filter paper at the center directly on the pencil dot seguentially
with 1 drop of each of the known solutions of Cu?*, Ni?*, and Fe" (let the
spot dry completely between applications). Pour a small quantity (only 1 to
2 mL) of Cu*" solution into a clean sample vial and fill your capillary pipet
by dipping the end into the solution. Allow the solution to rise by capillary
action. Withdraw the pipet and touch the inside of the vial with the tip of the
pipet to remove the hanging drop. Spot the filter paper on the pencil dot by
touching it with the capillary held perpendicular to the paper. Allow the so-
lution to flow out of the capillary until a spot having about a 5- to 7-mm di-
ameter is obtained. Dry the filter paper completely by waving it in the air. In
the same way, apply a single drop of the Ni** and then the Fe®* solution to
the same spot; be certain that the paper is dry before making each applica-
tion. Spot a second piece of filter paper that you have prepared for chro-
matography with 1 drop of your unknown solution in the same manner.

Place two petri (or evaporating) dishes on your desktop away from direct
sunlight or heat. Fill the dishes with the solvent mixture to a depth of 5 to
7 mm. (CAUTION: Acetone is highly flammable! Keep it away from open
flames.) Carefully place the (dry) spotted filter papers on the rims of the
petri dishes with the wicks bent down into the solvent (Figure 10.3). Cau-
tiously place a 4-in. watch glass on top of each filter paper; be careful not to
push the papers into the solvent. The purpose of the cover is to prevent un-
even evaporation of the solvent from the paper by providing an enclosed at-
mosphere that is saturated with solvent vapor. These conditions permit the
solvent to travel across the paper in a more uniform manner; this is neces-
sary for effective separation of the ions. Do not disturb the systems while the
chromatograms are developing. When the solvent front has nearly reached
the edge of each dish (15 to 25 min), carefully remove the watch glass and fil-
ter paper. Immediately mark the position of the solvent front with a pencil.
Because the solvent evaporates quickly, this marking must be made as soon
as possible. Allow each paper to dry by fanning the air with it.

Which of the known ions do you detect without resorting to the use of any
other reagents (or development) (2)? Is there any difference between the ring
front of this ion and the solvent front (3)? Mark the ring front of this ion.

Developing Reactions IN THE HOOD, pour about 5 mL of 15 M ammo-
nia into a clean, shallow dish and rest the filter paper containing the knowns
on top of the dish. Do not permit the paper to dip into the solution. What
color develops (4)? What ion does this indicate (5)? Mark the ring front.

To detect the third ion, dip a new piece of filter paper into a 1% solution of
dimethylglyoxime; then, using the new piece as a brush, paint the test filter
paper. As an alternative procedure, you may spray the paper with a

Watch glass

Solvent

Petri dish

A FIGURE 10.3




dimethylglyoxime-containing aerosol. What color develops (6)? What ion
does this indicate (7)? Mark the ring front.

Measure the distance to each of the ring fronts in millimeters (8). Calcu-
late the Ry values for the three known ions (9) using Equation [1].

Repeat the above sequence of developing reactions with paper containing
your unknown. What ions are present in your unknown (10)? Record the dis-
tances in millimeters to the ring fronts (11) and calculate the R 7 values (12).

Relative amounts of the components of a mixture can be determined by
using the methods employed in this experiment. Prepare a mixture of these
ions in the following manner: Mix together 5 mL of the Fe?* and 5 mL of the
Niz* solutions, and then add 2 or 3 drops of the Cu?* solution as a trace con-
taminant. Apply 1 drop of this mixture to a prepared piece of filter paper.
Run and develop the chromatogram. Record your observations (13). Com-
pare your results with those of someone who performed the experiment
using the other technique (14).

Dyes You may believe that food coloring consists of one substance or that
the black ink in felt-tip pens is a single substance. Spot a piece of filter paper
heavily with a black felt-tip pen (such as a Flair pen). Make the spot quite
dark to be sure that enough ink has been transferred to the paper. Obtain a
chromatogram, using as the solvent a solution prepared by diluting 10 mL
of isopropyl alcohol with 5 mL of water.

Attach all the dry, developed chromatograms to your report sheet.

B. Ascending Strip Technique

Obtain a piece of chromatography paper strip about 50 cm long. Cut this into
15-cm strips and mark each strip with a pencil dot. Label as diagrammed in
Figure 10.4. You will be running three chromatograms simultaneously by
this technique: the known, the unknown, and the trace Cu®*. Place the de-
veloping solvent to a depth of 10 to 12 mm in the bottom of a 600-mL beaker
(Figure 10.5). Spot the strips as described above for the circles: one strip with
the three knowns, one strip with the unknown solution, and one strip with
the solution containing a trace of Cu®". Attach the labeled ends of the strips
to a 6-in. glass rod by folding the ends over the rod and clipping the paper
together using paper clips (Figure 10.5). Place the rod with the three strips at-
tached across the top of the beaker. Be certain that the spots on the strips are
completely dry before you place the strips in the beaker. Make sure that the
strips touch neither one another nor the walls of the beaker and that the bot-
tom of each strip is resting in the solution. Cover the beaker carefully with a
watch glass. Do not disturb the beaker while the chromatograms are devel-
oping. When the solvent front has nearly reached the union of the folded
part of the paper, carefully remove the watch glass and the glass rod with the

Pencil mark spot Label

|
4 ] 1
2 cm‘—l lcm

15 cm

A FIGURE 10.4
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Name Desk

Date

10.
11.

12.
13.

14.

S A

Laboratory Instructor

Unknown no. or letter

REPORT SHEET

Paper Chromatography:
Separation of Cations
and Dyes

Color of solutions: Cu?* Fe3* NiZ*

Ion requiring no development

Yes No

Ammonia develops a color.

The ion that causes the color of (4) is

Dimethylglyoxime develops a color with (7)

Ring front distances for knowns in mm are: solvent mm;

Fe¥" mm; Cu®* mm; Ni%" mm.

Ry values (show calculations at end of report): Fe®* ; Cu?t

EXPERIMENT
10

ion.

Ni2+

Ions present in unknown

Ring front distances for unknown

R £ values for unknown

Observation on relative amounts

Comment on the relative merits of the two techniques.

Calculations for R¢’s (9) and Ry’s (12):

ATTACH CHROMATOGRAMS
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NOTES AND CALCULATIONS




Analysis of Analgesics

Analgesics are drugs used for pain relief. A common example is aspirin. Since
these drugs are so readily available, it is not uncommon for persons to suffer overdoses
(either intentional or unintentional.) When a person is admitted to the hospital
emergency room with a drug overdose, it is necessary to identify the drug in order to
provide appropriate treatment. This analysis can be done on a blood sample. The same
technique can be used to study the drug directly, as we will do in this experiment.

Analgesic tablets of many different types are available. These may contain one or
more of the following compounds: aspirin (acetylsalicylic acid), phenacetin (p-
acetophenotidin), acetaminophen (4-acetamidophenol) and caffeine. The following table
shows the ingredients of several different types of analgesic tablets.

Ingredients of Some Analgesic Tablets

Brand Aspirin  Phenacetin  Acetominophen Caffeine
Anacin + - - +
Anacin-3 - - + +
Bayer Aspirin + - - -
Revco APC + + - +
Excedrin + - + +
Tylenol - - +

Since different types of analgesics contain different ingredients, it is possible to
identify a tablet by determining its active constituents. This can be fairly easily done by
using the technique of thin-layer chromatography. (TLC) This technique can be used in
many other applications as well. Like all chromatographic techniques, TLC involves a
mobile phase and a stationary phase. The stationary phase in this case is a plate coated
with silica gel. When one end of this plate is placed in a solvent, (the mobile phase), the
solvent travels up the plate (in the same manner that water is drawn up a piece of paper
by capillary action). In TLC, a small amount of the sample is placed on the plate and the
solvent is allowed to travel up the plate. As the solvent moves, it carries the constituents
of the spot with it, but carries some of them further than others. In general, the more
attracted one constituent is to the solvent, the further it will move.

When the TLC plate is placed in the solvent, it is important to have the spots
above the level of the solvent. It is also necessary to remove the plate from the solvent
before the solvent reaches the top of the plate.

If TLC is performed on colored substances, colored spots appear on the
chromatogram. The compounds that you are studying in this experiment are all colorless
so a slightly different technique is used. The stationary phase is coated with silica gel
that has been impregnated with a fluorescent indicator. When your finished
chromatogram is viewed under UV light it will be colored everywhere except where the
constituents of the analgesic tablets are present.

For this analysis you will compare the components of your tablet with standard
solutions (0.1 g/ml) of aspirin, phenacetin, acetaminophen, and caffeine. Each of these
solutions will be spotted on your plate along with a solution of your tablet. When the



plate is developed, each compound will have traveled a different distance and will be
separated on the plate. If there is a spot from your tablet at the same distance from the
bottom as the spot for acetaminophen, for example, you can tell that acetaminophen is
present in your analgesic tablet.

Procedure:

Obtain a TLC plate that is about 5 cm by 12 cm.

Prior to putting your sample on the TLC plate it is necessary to separate the
analgesics and caffeine from the binders and inorganic components of the tablet. Using a
clean mortar and pestle, grind the tablet into a fine powder. Transfer the powder to a
piece of weighing paper. Loosely block the narrow end of a Pasteur pipet with a small
amount of glass wool. Pour the powder into the pipet. Slowly add 5 ml of methanol,
dropwise to the top of the pipet and collect the solvent as it flows through the pipet.

Place small spots of your tablet sample and of the four standard solutions on your
TLC plate as demonstrated by your instructor. It is important to keep the spots of sample
as small as possible. With a pencil, mark five equal spaces about 5 mm from the bottom
of the plate. Be sure to record in your lab notebook which spot is which. When all five
spots have been placed on the TLC plate, view the plate under UV light. All five spots
should appear dark. If they do not, add more solution to those spots.

An 800 ml beaker will be used as a developing tank. The developing solvent in
this experiment is ethyl acetate. Place enough solvent in the tank so that the depth is
about 3 mm. Place the TLC plate in the developing tank with the dull side facing up.
Make sure that the solvent does not cover the sample spots. Let the plate remain in the
tank until the solvent level nearly reaches the top of the plate. At this time, remove the
plate and mark the position of the solvent front. This must be done right away as the
solvent will dry very quickly and the line will disappear.

Let the developed plate dry for several minutes and then view the plate under UV
light. The compounds will appear as dark spots on a light background. With a pencil,
draw a circle around each spot. Compare the position of the components of the unknown
sample to the position of the spots for the standards to determine which compounds are in
the unknown.

On your data sheet, draw a representation of your developed TLC plate and label
the spots. Once you have identified the components of your tablet, determine the brand
of the analgesic tablet.



Report Sheet: Name:

Analysis of Analgesics Partner’s Name:

Date:

1. What is the identity of your unknown analgesic?

2. Write out the structures of the four possible compounds and identify the
functional groups present in each:

a. aspirin (acetylsalicylic acid acetate)

b. phenacetin (p-acetophenotidin)

c. acetaminophen (4-acetamidophenol)

d. caffeine



3. Using the Merck Index, or other appropriate resources, determine the LDs of
each compound in question 2 (if more than one type of animal is given, chose one
and label the value accordingly).

4. What is meant by LDsg?

5. Assuming that the LDs, for humans for aspirin is the same as that given in the
Merck Index for mice, calculate how many 325 mg aspirin tablets would be
necessary to reach the LDs, for someone who weighs 150 pounds.



Chemical Formulas

To become familiar with chemical formulas and how they are obtained.

Apparatus
balance 250-mL beaker
Bunsen burner and hose evaporating dish
50-mL graduated cylinder ring stand and ring
wire gauze stirring rod
crucible and cover clay triangle
carborundum boiling chips or

glass beads
Chemicals
granular zinc copper wire
powdered sulfur 6 M HCl1

Chemists use an abbreviated notation to indicate the exact chemical composi-
tion of compounds (chemical formulas). We then use these chemical formulas
to indicate how new compounds are formed by chemical combinations of
other compounds (chemical reactions). However, before we can learn how
chemical formulas are written, we must first acquaint ourselves with the
symbols used to denote the elements from which these compounds are
formed.

Symbols and Formulas

We use one or two letters (with the first letter capitalized) to denote a chem-
ical element. These symbols are derived, as a rule, from the first two letters
or first syllable of the element’s name.

Many elements are found in nature in molecular form; that is, two or more
of the same type of atom are tightly bound together. The resultant “package”
of atoms, or molecule, as it is termed, behaves in many ways as a single dis-
tinct object or unit. For example, the oxygen normally found in air consists of
molecules that contain two oxygen atoms. We represent this molecular form
of oxygen by the chemical formula O,. The subscript in the formula tells us
that two oxygen atoms are present in each oxygen molecule.

Compounds that are composed of molecules are called molecular com-
pounds, and they may contain more than one type of atom. For example, a
molecule of water consists of two hydrogen atoms and one oxygen atom and
is represented by the chemical formula H;O. The absence of a subscript on
the O implies there is one oxygen atom per water molecule. Another com-
pound composed of these same elements, but in different proportions, is

| DISCUSSION
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hydrogen peroxide, H,O,. The physical and chemical properties of these
two compounds are very different. We shouldn’t be surprised, for they are
two different substances.

Chemical formulas that indicate the actual numbers and types of atoms in
a molecule are called molecular formulas, whereas chemical formulas that in-
dicate only the relative numbers of atoms of a type in a molecule are called
empirical formulas. The subscripts in an empirical formula are always the
smallest whole-number ratios. For example, the molecular formula for hy-
drogen peroxide is H,O;, whereas its empirical formula is HO. The molecu-
lar formula for glucose is CgHj50g; its empirical formula is CH,O. For many
substances the molecular formula and empirical formula are identical, as is
the case for water, H,O, and sulfuric acid, H,SOy.

Atomic Weights

It is important to know something about masses of atoms and molecules.
With a mass spectrometer we can measure the masses of individual atoms
with a high degree of accuracy. We know, for example, that the hydrogen-1
atom has a mass of 1.6735 X 1072* g and the oxygen-16 atom has a mass of
1.674 X 1072* g. Because it is cumbersome to express such small masses in
grams, we use a unit called the atomic mass unit, or amu. An amu equals
1.66054 X 10~ g. Most elements occur as mixtures of isotopes. The average
atomic mass of each element expressed in amu is also known as its atomic
weight. The atomic weights of the elements listed both in the table of ele-
ments and in the periodic table inside the front and back covers of this book,
respectively, are in amu.

Formula and Molecular Weights

The formula weight of a substance is merely the sum of the atomic weights of
all atoms in its chemical formula. For example, nitric acid, HNOj3, has a for-
mula weight of 63.0 amu.

FW = (AW of H) + (AW of N} + 3(AW of O)
. = 1.0amu + 14.0 amu + 3(16.0 amu)
= 63.0 amu

If the chemical formula of a substance is its molecular formula, then the for-
mula weight is also called the molecular weight. For example, the molecular
formula for formaldehyde is CH,O. The molecular weight of formaldehyde
is therefore

MW = 12 amu + 2(1.0 amu) + 16.0 amu

= 30.0 amu

For ionic substances such as NaCl that exist as three-dimensional arrays of
ions, it is not appropriate to speak of molecules. Similarly, the terms molec-
ular weight and molecular formula are inappropriate for these ionic
substances. It is correct to speak of their formula weight, however. Thus,
the formula weight of NaCl is

FW = 23.0amu + 35.5 amu
= 58.5 amu




Percentage Composition from Formulas

New compounds are made in laboratories every day, and the formulas of
these compounds must be determined. The compounds are often analyzed
for their percentage composition, i.e., the percentage by mass of each element
present in the compound. The percentage composition is useful information
in establishing the formula for the substance. If the formula of a compound
is known, calculating its percentage composition is a straightforward matter.
In general, the percentage of an element in a compound is given by

(Number of atoms of element) (AW)
FW of compound

X 100

If we want to know the percentage composition of formaldehyde, CH,O,
whose formula weight is 30.0 amu, we proceed as follows:

12.0 amu
0o = X = . y
%C = 2o X 100 = 40.0%
oo = 20:0amu) o 6o
T 300 amu o
16.
%0 = —o0aMU 40 53,39,

30.0 amu

The Mole

Even the smallest samples we use in the laboratory contain an enormous
number of atoms. A drop of water contains about 2 X 10?! water molecules!
The unit that the chemist uses for dealing with such a large number of atoms,
ions, or molecules is the mole, abbreviated mol. Just as the unit dozen refers
to 12 objects, the mole refers to a collection of 6.02 X 10% objects. This num-
ber is called Avogadro’s number. Thus, a mole of water molecules contains
6.02 X 102 H,O molecules, and a mol of sodium contains 6.02 X 10 Na
atoms. The mass (in grams) of 1 mol of a substance is called its molar mass.
The molar mass (in grams) of any substance is numerically equal to its for-
mula weight.
Thus:

One CH,0 molecule has a mass of 30.0 amu; 1 mol CH,O has a mass of 30.0 g
and contains 6.02 X 10?> CH,O molecules

One Na atom has a mass of 23.0 amu; 1 mol Na has a mass of 23.0 g
and contains 6.02 X 10%*> Na atoms

It is a simple matter to calculate the number of moles of any substance
whose mass and formula we know. For example, suppose we have one quart
of rubbing alcohol (generally isopropyl alcohol) and know its density to be
0.785 g/mL and we want to know how many moles this is. First we need to
convert the volume to our system of units. Since 1 qt is 0.946 L and 1 L con-
tains 1000 mL, our quart of isopropyl alcohol is

0.946 L) ( 1000 mL

= 946 mL
&)

¢ qt)(
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We can now calculate the mass: !
946 mL X 0.785 g/mL = 743 g

We next need the chemical formula for isopropyl alcohol. This is C3H,OH.
The molecular weight is, therefore,

Weight carbon 3 X 12.0 = 36.0 amu
Weight hydrogen 8 X 1.0 = 8.0amu
Weight oxygen 1 X 16.0 = 16.0 amu
Molecular weight C3H;0H = 60.0 amu
Hence,
les of C;H,0H = (743 ¢ C HpH)(MlQE) = 12.4 mol
moles of GH/OH = (743 8 & 60.0 g CaH,0H ) — =™

Thus our quart of rubbing alcohol contains 12.4 mol of isopropyl alcohol. It
should now be apparent to you how much information is contained in a
chemical formula.

Empirical Formulas from Analyses

The empirical formula for a substance tells us the relative number of atoms
of each element in the substance. Thus, the formula H,O indicates that water
contains two hydrogen atoms for each oxygen atom. This ratio applies on the
molar level as well; thus, 1 mol of H,O contains two mol of H atoms and
1 mol of O atoms. Conversely, the ratio of the number of moles of each ele-
ment in a compound gives the subscripts in a compound’s empirical formu-
la. Thus, the mole concept provides a way of calculating the empirical
formula of a chemical substance. This is shown in the following example.

ExaMPLE 5.1

While you are working in a hospital laboratory, a patient complaining of severe

stomach cramps and labored respiration dies within minutes of being admitted. %
Relatives of the patient later tell you that he may have ingested some rat poison.

You therefore have his stomach pumped to verify this and also to determine the

cause of death. One of the more logical things to do would be to attempt to iso-

late the agent that caused death and perform chemical analyses on it. Let’s sup-

pose that this was done, and the analyses showed that the isolated chemical

compound contained, by weight, 60.0% potassium, 18.5% carbon, and 21.5%

nitrogen. What is the chemical formula for this compound?

SOLUTION: One simple and direct way of making the necessary calculations is
as follows. Assume you had 100 g of the compound. This 100 g would contain
(100 ) (0.600) = 60.0 g potassium
(100 g)(0.185) = 18.5 g carbon {
(100 ) (0.215) = 21.5 g nitrogen

Divide each of these masses by the appropriate atomic weight to obtain the
number of moles of each element in the 100 g:

1mol K
600g K<39.0 . K) = 1.54 mol K




1molC
18'5gC<12.OgC) =154 mol C

1mol N
21'5gN(14.0gN) = 1.54 mol N

Then divide each number by 1.54 to determine the simplest whole-number ratio
of moles of each element. (In general, after determining the number of moles of
each element, we determine the simplest whole-number ratio by dividing each
number of moles by the smallest number of moles. In this example all the num-
bers are the same.)

1.54

K= 154 1.00
1.54

C= 1—5"1 = 1.00
1.54

N = -1-—52 = 1.00

The ratio obtained in this case is 1.00, and we conclude that the formula is KCN.
This is the simplest, or empirical, formula because it uses as subscripts the
smallest set of integers to express the correct ratios of atoms present. Because
KCN is a common rat poison, we may justifiably conclude that the relatives’
suggestion of rat-poison ingestion as the probable cause of death is correct.

Molecular Formulas from Empirical Formulas

The formula obtained from percentage composition is always the empirical
formula. We can obtain the molecular formula from the empirical formula if
we know the molecular weight of the compound. The subscripts in the molecu-
lar formula of a substance are always a whole-number multiple of the corresponding
subscripts in its empirical formula. The multiple is found by comparing the for-
mula weight of the empirical formula with the molecular weight. For exam-
ple, suppose we determined the empirical formula of a compound to be
CH;0. Its formula weight is '

FW = 12.0 amu + 2(1.0 amu) + 16.0 amu = 30.0 amu

Suppose the experimentally determined molecular weight is 180. Then, the
molecule has six times the mass (180/30.0 = 6.00) and must, therefore, have
six times as many atoms as the empirical formula. The subscripts in the em-
pirical formula must be multiplied by 6 to obtain the molecular formula:

In this experiment, you will determine the empirical formulas of two
chemical compounds. One is copper sulfide, which you will prepare accord-
ing to the following chemical reaction:

xCu(s) + ¥S(s) —> Cu,S,(s)

The other is zinc chloride, which you will prepare according to the chemical
reaction

xZn(s) + yHCWag) —> Zn,CL(s) + %Hz(g)

The objective is to determine the combining ratios of the elements (that is,
to determine x and y) and to balance the chemical equations given above.
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PROCEDURE

A. Zinc Chloride

Clean and dry your evaporating dish and place it on the wire gauze resting
on the iron ring. Heat the dish with your Bunsen burner, gently at first, and
then more strongly, until all of the condensed moisture has been driven off.
This should require heating for about 5 min. Allow the dish to cool to room
temperature on a wire gauze (do not place the hot dish on the countertop)
and weigh it. Record the mass of the empty evaporating dish to the nearest
0.01g.

Obtain a sample of granular zinc from your laboratory instructor and add
about 0.5 g of it to the weighed evaporating dish. Weigh the evaporating
dish containing the zinc and record the total mass to the nearest 0.01 g. Cal-
culate the mass of the zinc.

Slowly, and with constant swirling, add 15 mL of 6 M HCl to the evapo-
rating dish containing the zinc. A vigorous reaction will ensue, and hydro-
gen gas will be produced. (CAUTION: No flames are permitted in the
laboratory while this reaction is taking place, because hydrogen gas is very
explosive.) If any undissolved zinc remains after the reaction ceases, add an
additional 5 mL of acid. Continue to add 5-mL portions of acid as needed
until all the zinc has dissolved. CAUTION: Zinc chloride is caustic and
must be handled carefully in order to avoid any contact with your skin.
Should you come in contact with it, immediately wash the area with copi-
ous amounts of water.

Set up a steam bath as illustrated in Figure 5.1 using a 250-mL beaker, and
place the evaporating dish on the steam bath. Heat the evaporating dish very
carefully on the steam bath until most of the liquid has disappeared. Then re-
move the steam bath and heat the dish on the wire gauze. During this last
stage of heating, the flame must be carefully controlled or there will be spat-
tering, and some loss of product will occur. (CAUTION: Do not heat to the
point that the compound melts, or some will be lost due to sublimation.)
Leave the compound looking somewhat pasty while hot.

Allow the dish to cool to room temperature and weigh it. Record the
mass. After this first weighing, heat the dish again very gently. Cool it and

Boiling chips
in water

A FIGURE 5.1 Steam bath.




reweigh it. If these weighings do not agree within 0.02 g, repeat the heating
and weighing until two successive weighings agree. This is known as drying
to constant mass and is the only way to be certain that all the moisture is driv-
en off. Zinc chloride is very deliquescent (rapidly absorbs moisture from the
air) and so should be weighed as soon as possible after cooling.

Calculate the mass of zinc chloride. The difference in mass between the
zinc and zinc chloride is the mass of chlorine. Calculate the mass of chlorine
in zinc chloride. From this information, you can readily calculate the empiri-
cal formula for zinc chloride and balance the chemical equation for its for-
mation. Perform these operations on the report sheet.

B. Copper Sulfide

Support a clean, dry porcelain crucible and cover on a clay triangle and dry
by heating to a dull red in a Bunsen flame, as illustrated in Figure 5.2. Allow
the crucible and cover to cool to room temperature and weigh them. Record
the mass to the nearest 0.01 g.

Place 1.5 to 2.0 g of tightly wound copper wire or copper turnings in the
crucible and weigh the copper, crucible, and lid to the nearest 0.01 g and
record your results. Calculate the mass of copper.

In the hood, add sufficient sulfur to cover the copper, place the crucible
with cover in place on the triangle, and heat the crucible gently until sulfur
ceases to burn (blue flame) at the end of the cover. Do not remove the cover
while the crucible is hot. Finally, heat the crucible to dull redness for about
5 min.

Allow the crucible to cool to room temperature. This will take about 10
min. Then weigh with the cover in place. Record the mass. Again cover the

Crucible

Crucible cover

Iron ring

Clay triangle

A FIGURE 5.2 Setup for copper sulfide determination.
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PRE LAB
QUESTIONS

contents of the crucible with sulfur and repeat the heating procedure. Allow
the crucible to cool and reweigh it. Record the mass. If the last two weighings
do not agree to within 0.02 g, the chemical reaction between the copper and
sulfur is incomplete. If this is found to be the case, add more sulfur and re-
peat the heating and weighing until a constant mass is obtained.

Calculate the mass of copper sulfide obtained. The difference in mass be-
tween the copper sulfide and copper is the mass of sulfur in copper sulfide.
Calculate this mass. From this information the empirical formula for copper
sulfide can be obtained, and the chemical equation for its production can be
balanced. Perform these operations on your report sheet.

Waste Disposal Instructions All chemicals must be disposed of in the
appropriately labeled containers.

Before beginning this experiment in the laboratory, you should be able to an-
swer the following questions:

1. Give the chemical symbols for the following elements: (a) lead, (b) iron,
(c) fluorine, (e) potassium.

2. What are the formula weights of: (a) KBz, (b) NiCO3?

w

Define the term compound.

4. The molecular formula for cyclohexane is C¢H;p. What is its empirical
formula?

5. Balance the following equation: Al(s) + Cly(g) —> AlCl,(s)?
6. What is the percentage composition of CaCO3?

7. A substance was found by analysis to contain 45.57% tin and 54.43%
chlorine. What is the empirical formula for the substance?

8. What is the law of definite proportions?
9. How do empirical and molecular formulas differ?
10. What is the mass in grams of 1.73 moles CaH,?

11. Air bags in automobiles inflate when sodium azide, NaN3, rapidly de-
composes to its component elements: 2NaN3(s) —> 2Na(s) + 3Na(g)

(a) How many moles of N, are formed by the decomposition of 2.50
moles of NaNj3?

(b) How many grams of NalN3 are required to form 6.00 g of N, gas?

12. A 5.325 g sample of methyl benzoate, a compound found in perfumes,
was found to contain 3.758 g of carbon, 0.316 g of hydrogen, and 1.251 g
of oxygen. What is the empirical formula? If its molar mass is about
130 g/mol, what is its molecular formula?

13. An analysis of an oxide of nitrogen with a molecular weight of 92.02
amu gave 69.57% oxygen and 30.43% nitrogen. What are the empirical
and molecular formulas for this nitrogen oxide? Complete and balance
the equation for its formation from the elements nitrogen and oxygen.

14. How many sodium atoms are present in 0.2310 g of sodium?




EXPERIMENT

Name Desk
Date Laboratory Instructor
REPORT SHEET
Chemical Formulas | 5
A. Zinc Chloride
1. Mass of evaporating dish and zinc g
2. Mass of evaporating dish g
3. Mass of zinc g
4. Mass of evaporating dish and zinc chloride:
first weighing g
second weighing g
third weighing g
5. Mass of zinc chloride g
6. Mass of chlorine in zinc chloride g
7. Empirical formula for zinc chloride
(show calculations)
8. Balanced chemical equation for the formation of zinc chloride from zinc and HCl
B. Copper Sulfide
1. Mass of crucible, cover, and copper g
2. Mass of crucible and cover g
3. Mass of copper g
4. Mass of crucible, cover, and copper sulfide:
first weighing g
second weighing g
third weighing g
5. Mass of copper sulfide g
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6. Mass of sulfur in copper sulfide g

7. Empirical formula for copper sulfide
(show calculations)

8. Balanced chemical equation for the formation of copper sulfide from copper and sulfur

QUESTIONS

1. Can you determine the molecular formula of a substance from its percent composition?

2. Given that zinc chloride has a formula weight of 136.28 amu, what is its formula?

3. Can you determine the atomic weights of zinc or copper by the methods used in this experiment? How?
What additional information is necessary in order to do this?

4. How many grams of zinc chloride could be formed from the reaction of 3.57 g of zinc with excess HCI?
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5. Aluminum sulfide reacts with water to form aluminum hydroxide and hydrogen sulfide. (a) Write a bal-
anced equation for this reaction. (b) How many grams of aluminum hydroxide can be obtained from
10.5g of aluminum sulfide?

6. If copper(l) sulfide is partially roasted in air (reaction with O,), copper(I) sulfite is first formed. Subse-
quently, upon heating, the copper sulfite thermally decomposes to copper(I) oxide and sulfur dioxide.
Write balanced chemical equations for these two reactions.




NOTES AND CALCULATIONS




Chemical Reactions

To observe some typical chemical reactions, identify some of the productsand | OBJECTIVE

summarize the chemical changes in terms of balanced chemical equations.

Apparatus
Bunsen burner crucible and cover
6-in. test tube glass tubing
thistle tube or long-stem funnel ring stand, ring, wire triangle
droppers (2) tongs
Chemicals
0.1 M sodium oxalate, NayCyOy 0.1 M KMnQOy
10 M NaOH 0.1 M Pb(NO3),
1 M K,CrOy 6 M HCI
mossy zinc 6 M H,50,
6M NH3(LZq)* 3IM (NH4)2CO3
conc. HNOj; KMnQOy
0.1 M NaHSO; (freshly prepared) Na,COj3
2-in. length of copper wire NaySO;
2 1-in. lengths of copper wire ZnS
(14, 16, or 18 gauge)
0.1 M BaCl,

powdered sulfur

Chemical equations represent what transpires in a chemical reaction. For
example, the equation

2KCIO4(s) —— 2KCl(s) + 304(g)

means that potassium chlorate, KC1O;, decomposes on heating (A is the sym-
bol used for heat) to yield potassium chloride, KCl, and oxygen, O,. Before an
equation can be written for a reaction, someone must establish what the prod-
ucts are. How does one decide what these products are? Products are identi-
fied by their chemical and physical properties as well as by analyses. That
oxygen rather than chlorine gas is produced in the above reaction can be es-
tablished by the fact that oxygen is a colorless, odorless gas. Chlorine, on the
other hand, is a pale yellow-green gas with an irritating odor.

In this experiment, you will observe that in some cases gases are pro-
duced, precipitates are formed, or color changes occur during the reactions.
These are all indications that a chemical reaction has occurred. To identify
some of the products of the reactions, consult Table 4.1, which lists some of
the properties of the substances that could be formed in these reactions.

*Reagent bottle may be labeled 6 M NH,OH.

o Experlmeﬂt
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38 Experiment 4 ¢ Chemical Reactions

TABLE 4.1 Properties of Reaction Products

Water-soluble solids

Water-insoluble solids ~ Manganese oxyanions  Gases

KCl: white (colorless solution)

NH,CI: white (colorless
solution)

KMnQOy: purple

MnCly: pink (very pale)

Cu(NQO3),: blue

CuS: very dark blue MnOy : purple Hy: colorless; odorless
or black MnO,%": dark green NOy: brown; pungent

Cu,S: black MnO,%": dark blue odor (TOXIC)

BaCrOy: yellow NO: colorless; slight,

BaCOj3: white pleasant odor

PbCl,: white COy: colorless; odorless

MnOj,: black or brown Cly: pale yellow-green;
pungent odor (TOXIC)

50,: colorless; choking
odor (as from
matches)(TOXIC)

H,S: colorless; rotten-egg
odor (TOXIC)

PROCEDURE | A. A Reaction Between the Elements Copper and Sulfur

PERFORM THIS EXPERIMENT IN THE HOOD WITH A PARTNER. Obtain
about a 5-cm (2-in.) length of copper wire and note its properties. Observe
that its surface is shiny, that it can be easily bent, and that it has a characteris-
tic color. Make a small coil of the wire by wrapping it around your pencil, and
place the wire coil in a crucible. Add sufficient powdered sulfur to the cru-
cible. Cover and place it on a clay triangle on an iron ring for heating. THIS
APPARATUS MUST BE SET UP IN THE HOOD, because some sulfur wiil
burn to form noxious sulfur dioxide. Heat the crucible with a Bunsen burner
initially with low heat on all sides and then use the hottest flame to heat the
bottom of the crucible to red heat. CONTINUE heating until no more smok-
ing occurs, indicating that all the sulfur is burned off. Using the crucible
tongs, remove the crucible from the clay triangle without removing the cover,
and place it on a heat-resistant pad or wire gauze, not on the desktop, to cool.
After the crucible has cooled, remove the cover and inspect the substance.
Note its properties. Be sure to record your answers on the Report Sheet.

Does the substance resemble copper?

Is it possible to bend the substance without breaking it?
What color is it?

Has a reaction occurred?

LS.

Copper(ll) sulfide, CuS, is insoluble in aqueous ammonia, NHj, (that s, it
does not react with NHj3), whereas copper(l) sulfide, Cu,S, dissolves (that is,
reacts) to give a blue solution with NHj. Place a small portion of your prod-
uct in a test tube and add 2 mL of 6 M NHj in the hood. Heat gently with a
Bunsen burner.

5. Does your product react with NH3?
6. Suggest a possible formula for the product.

7. Write a reaction showing the formation of your proposed product:

Cu(s) + Sg(s) —> ?

P




Waste Disposal Instruction The copper compounds and the acids are toxic
and should be handled with care. Avoid spilling any solution, and immedi-
ately clean up (using paper towels) any spills that occur. If you spill any
solution on your hands, wash them immediately. After completing each
series of reactions and before moving on to the next series, dispose of the
contents of your test tubes in the designated receptacles. Do not wash the
contents down the sink.

B. Oxidation-Reduction Reactions

Many metals react with acids to liberate hydrogen and form the metal salt of
the acid. The noble metals do not react with acids to produce hydrogen. Some
of the unreactive metals do react with nitric acid, HNOj3; however, in these
cases gases that are oxides of nitrogen are formed rather than hydrogen.

Add a small piece of zinc to a test tube containing 2 mL of 6 M HCI, and
note what happens.

8. Record your observations.
9. Suggest possible products for the observed reaction: Zn(s) +
HCl(ag) — ?

Place a 1-in. piece of copper wire in a clean test tube. Add 2 mL of 6 M
HC], and note if a reaction occurs.

10. Record your observations.
11. Is Cu an active or an inactive metal?

WHILE HOLDING A CLEAN TEST TUBE IN THE HOOD, place a 1-in.
piece of copper wire in it and add 1 mL of concentrated nitric acid, HNO;.

12.  Record your observations.

13. Is the gas colored?

14. Suggest a formula for the gas.

15.  After the reaction has proceeded for 5 min, carefully add 5 mL of water.
Based on the color of the solution, what substance is present in solution?

Potassium permanganate, KMnQj, is an excellent oxidizing agent in acidic
media. The permanganate ion is purple and is reduced to the manganous ion,
Mn?*, which has a very faint pink color. Place 1 mL of 0.1 M sodium oxalate,
NayCy0y, in a clean test tube. Add 10 drops of 6 M sulfuric acid. Mix thor-
oughly. To the resulting solution add 1 to 2 drops of 0.1 M KMnOy and stir. If
there is no obvious indication that a reaction has occurred, warm the test tube
gently in a hot water bath.

16. Record your observations. Was the KMnO, reduced to Mn?*?

Place 3 mL of 0.1 M sodium hydrogen sulfite, NaHSO3, solution in a test
tube. Add 1 mL of 10 M sodium hydroxide, NaOH, solution and stir. To the
mixture in the test tube add 1 drop of 0.1 M KMnQOjy solution.

17. Record your observations. Was the KMnO, reduced? Identify the man-
ganese compound formed.

Add additional 0.1 M KMnOj, solution, one drop at a time, and observe
the effect of each drop until 10 drops have been added.
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18.  Record your observations.
19. Suggest why the effect of additional potassium permanganate changes
as more is added.

WHILE HOLDING A TEST TUBE IN THE FUME HOOD, add one or two
crystals of potassium permanganate, KMnQOy, to 1 mL of 6 M HCL.

20. Record your observations.
21. Note the color of the gas evolved.
22. Based on the color of the gas, what is the gas?

C. Metathesis Reactions

Additional observations are needed before equations can be written for the
reactions above, but we see that we can identify some of the products. The
remaining reactions are simple, and you will be able, from available informa-
tion, not only to identify products but also to write equations. A number of
reactions may be represented by equations of the following type:

AB + CD — AD + CB

These are called double-decomposition, or metathesis, reactions. This type of
reaction involves the exchange of atoms or groups of atoms between inter-
acting substances. The following is a specific example:

NaCl(aq) + AgNOs(aq) —> AgCl(s) + NaNOs(ag)
Place a small sample of sodium carbonate, Na,COjs, in a test tube and add
several drops of 6 M HCL

23. Record your observations.

24. Note the odor and color of the gas that forms. (See safety instructions.)

25. What is the evolved gas?

26. Write an equation for the reaction HCl(ag) + NayCOs(s) — ? (NOTE:
In this reaction the products must have H, Cl, Na, and O atoms in some
new combinations, but no other elements can be present.)

Note that H,CO3 and H,SO; readily decompose as follows:
H,COs5(aq) —— HyO() + CO4(g)

H,S503(aq) —> HyO(l) + SO,(g)
IN THE HOOD, repeat the same test with sodium sulfite, Na;SOs3.

27. Record your observations.

28. What is the gas?

29. Write an equation for the following reaction (note the similarity to the
equation above): HCl(agq) + NapySOs(s) —> ?




IN THE HOOD, repeat this test with zinc sulfide, ZnS.

30. Record your observations.
31. Whatis the gas?
32. Write an equation for the reaction: HCl(aq) + ZnS(s) — ?

To 1 mL of 0.1 M lead nitrate, Pb(NOj3),, solution in a clean test tube add a
few drops of 6 M HCl.

33. Record your observations.
34. What is the precipitate?
35.  Write an equation for the reaction Pb(NOs)(ag) + HCl(ag) —> ?

To 1 mL of 0.1 M barium chloride, BaCl,, solution add 2 drops of 1 M
potassium chromate, K,CrO,, solution.

36. Record your observations.
37. What is the precipitate?
38.  Write an equation for the reaction BaCly(ag) + KoCrOy(ag) — ?

To 1 mL of 0.1 M barium chloride, BaCly, solution add several drops of 3
M ammonium carbonate, (NH4),COj3, solution in a test tube.

39. Whatis the precipitate?
40. Write an equation for the reaction (NH,),COs(aq) + BaCly(aq) —> ?

After the precipitate has settled somewhat, carefully decant (that is, pour off)
the excess liquid. Add 1 mL of water to the test tube, shake it, allow the pre-
cipitate to settle, and again carefully pour off the liquid. To the remaining
solid, add several drops of 6 M HCL.

41. Record your observations.
42. Note the odor.
43.  Whatis the evolved gas? (Recall the reaction in step 26 of this experiment.)

Before beginning this experiment in the laboratory, you should be able to an-
swer the following questions:
1. Before a chemical equation can be written, what must you know?

2.  What observations might you make that suggest that a chemical reac-
tion has occurred?

3.  How could you distinguish between NH4Cl and AgCI?
4. Define metathesis reactions. Give an example.

What is a precipitate?

Laboratory Experiments
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42 Experiment 4 ¢ Chemical Reactions
6. Balance these equations:
KBrOs(s) —— KBr(s) + Oa(g)
MnBr;y(ag) + AgNOs(ag) —> Mn(NOs)y(ag) + AgBr(s)

7.  How could you distinguish between the gases H, and NO,?

8. Using water, how could you distinguish between the white solids KCI
and PbCl,?

9. Write equations for the decomposition of H,COs(ag) and H,SO3(ag).




Name Desk

Date Laboratory Instructor

Partner’s name

REPORT SHEET
Chemical Reactions

A. A Reaction Between the Elements Copper and Sulfur

EXPERIMENT
4

5.

6.

7. Cu(s) + Sg(s) —

B. Oxidation-Reduction Reactions

8.

9. Zn(s) + HCl(agq) —

10.

11.

12.

13.

14.

15.

16.

17.

18.
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19.
20.
21.

22,

C.
23.
24.
25.
26.
27.
28.
29.
30.
3L
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

43.

Report Sheet ¢ Chemical Reactions

Metathesis Reactions

HCl(aq) + NayCO;(s) —

HCl(ag) + NaySOs(s) —

HCl(aq) + ZnS(s) —>

Pb(NOs)y(aq) + HCl(ag) —

BaCly(ag) + KyCrOy(aq) —

(NHy)2COs(aq) + BaCly(ag) —>
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QUESTIONS:

1. Complete and balance the following chemical reactions:
2HCl(aq) + Pb(NO3)y(aq) —

2HI(ag) + Ky50;5(s) —
Pb(NOs),(aq) + 2 KCl(ag) —>
Ba(NOs)z(a9) + NaxSO4(ag) —
K,COs(ag) + Ba(NO3)y(ag) —
HCl(ag) + AgNO3(ag) —

2. How could you separate gold from a mixture of zinc and gold?

3. How could you determine whether a white powder was zinc sulfide or silver nitrate using a hydrochlo-
ric acid solution? Write balanced equations.
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Water of Crystallization and
Formula of a Hydrate

Process Objectives
¢7T0o determine that a reaction is complete by heating a sample {o
constant mass.
4 To calculate the moles of the anhydrous substance and the water of
crystallization used in the experiment.

Learning Objectives
4 To determine the empirical formula of a hydrate when the formula of the
anhydrous compound is known.

Hypothesis

¢ Predict the percent accuracy of hydrate (number of waters) you
determine relation to the actual number.

Apparatus Materials
Balance, centigram sparker C.P. hydrate
crucible and cover iron ring crystals

tongs pipestem triangle magnesium suifate
ring stand spatula

burner and tubing

Pre-Lab Questions

1. Throughout the experiment, handle the crucible and cover with clean crucible
tongs only. Why?

2. Why is preheating the crucible and cover necessary for 2 to 3 minutes?

3. (a) Why is it important to have a lid on the crucible?
(b) Why do you need an opening between the lid and crucible?

4. Why is procedure #5 necessary?

5. How does this experiment exemplify the law of definite composition?



6. The following results were obtained when a solid was heated by three
different pairs of students. In each case the student observed that when they
began to heat the solid, drops of a liquid formed on the sides of the test tube.

Student Number Mass before Heating Mass after Heating
1 1.48g 1.26g
2 1.64g 1.40g
3 ‘ 2.08g 1.78g

(a) Could the solid be a hydrate? What is-your evidence?
(b) if the solid after heating has a molar mass of 208 g/mole and a formula

of XY, what is the formula of the hydrate?

7. Some tracker tins include a glass vial of drying material in the lid. This is
often a mixture of magnesium sulfate and cobalt chloride indicator. As the
magnesium sulfate absorbs moisture(MgSo,~ 1 H,0 - MgSO," 7H,0) the
indicator changes colorfrom blue to pink (CoCl, 4H,0 - CoCl, '6H,0).
When this drying mixture becomes totally pink, it can be restored be heating
in the oven. What two changes are caused by the heating?

8. Study the specific properties of the compounds listed in the foliowing table to
determine which lend themselves to this method of determining percentage
hydration. Which do not? Why?

Name of compound Loses mass when | Description of | Is it a hydrate?
heated Residue
Sodium carbonate yes white powder
sodium sulfate yes white powder
sodium aluminum sulfate yes white powder
‘potassium chioride no unchanged
magnesium chloride yes white powder
Copper sulfate yes white powder
e
Procedures L
Strategy for Determining
It is very difficult fo determine that a reaction is complete by observation
of the compounds. Only when the mass has reached a constant value
has all of the water been removed. Then constant mass can be
determined by repeating the heat-cool weigh cycle until the mass does
not change significantly. Cruaahie

Strategy for Calculating

Carefutly, quantitative techniques will improve the accurecy of your
calculations. The same balance should be used for all weighings and
the crucible should not be touched with the hands. Be sure to cool the
crucible and the contents sufficiently as heat may affect the operation

of the balance.

\\, Clay 1tiangls
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Place the crucible and cover on the triangle to be heated. Position the
cover slightly tipped, leaving only a small opening for any gases to escape.

Preheat the crucible and cover to redness.
CAUTION: Before lighting the burner, remember to confine loose clothing
and long hair, remember to handle the crucible and cover only with
tongs. THE crucible and cover are very hot after each heating.

Allow them to cool 5 Minutes. Never place a hot crucible on a
balance. When cool, determine the mass of the crucible and cover to
the nearest 0.01g. Record this mass in your Data Table.

. Using a spatula, add approximately 5g of fine magnesium sulfate
crystals to the crucible. Determine the mass of the covered crucible
and crystals to the nearest 0.01g. Record this mass in your Data Table.

. Place the crucible with the hydrate on the triangle and again position
the cover so there is only a small opening. Too large an opening may
allow the hydrate to splatter out of the crucible. Heat the crucible very
gently on a low flame to avoid splattering any of the hydrate. Increase
the temperature gradually for 2 to 3 minutes. Then heat strongly
(red-hot) for at least 5 minutes. Allow the crucible, cover, and contents
to cool for 5 minutes and then determine their mass. Enter all masses,
properly labeled, in your Data Table.

. Heat the covered crucible and contents again to redness for 5 minutes.
Allow the crucible, cover, and contents to cool and then determine

their mass. If the last two mass determination differ be no more than
0.01g, you may assume all that the water has been driven off. Other
wise repeat the process, until the mass no longer changes. This means
all the water has been evaporated. Record this constant mass in your
Data Table. The dehydrated compound left in the crucible should be
returned to your instructor, since it can be used in the preparation of
solutions.

. At the end of the experiment, clean all apparatus. Check to see that
the gas valve is compietely shut off before leaving the laboratory, and
remember to wash your hands.



Data Table

‘Mass of empty crucible and
cover g

Mass of crucible, cover,
and hydrate g

Mass of crucible, cover,
and anhydrous MgSo, after g
1% heating

Mass of crucible, cover,
and anhydrous MgSo, after g
second heating ‘

Calculations
Show your computations in the spaces provided below. Place your answers in the Calculations
Table. )

1. Calculate the mass of the anhydrous magnesium sulfate (the residue that
remains after driving off the water).

2. Calculate the moles of anhydrous Magnesium Sulfate.

w

Calculate the mass of water driven from the hydrate.

4. Calculate the moles of water driven from the hydrate.

5. The reaction for this experiment is: magnesium sulfate
MQSOA;'HHQO(S) 2> MQSO4+ nH,0
hydrate anhydrous
hydrate

n= the number of moles of water driven off per mole of anhydrous barium chloride. Determine
this mole ratio to the nearest whole number, and write the empirical formula for the Magnesium
sulfate.
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