We will often speak of the relative masses of atems and molecules—whiat we
call the atomic muss or molecalar mass, respectively,” These are based on arba-
trarily assigning the abundant carbon atom, "C, the value of cxactly 120000
unified atomic mass units (u), In terms of kilograms,

lu= 16605 = 107" kg

The atomic mass of hydrogen 15 then LINTEw, and the values for other atoms
are as listed in the pericdic table inside the back cover of this book. and also in
Appendix B. The molecular mass of o compound is the sum of atomic masses of
the uloms making up the molecules of thil compound.”

A important piece of evidence for the atomic theory is called Brownlan
mafion, named alter the bidogsl Robert Brown, who s credited with s
discovery in LE27. While he was obscrving tiny pollen grains suspended in water
under his microscope, Brown noticed that the tiny grains moved aboutl in
tortusus paths (Fig, 13-1}, even though the water appeared Lo be perfectly still,
The atomic theory easily explains Brownian motion if the furher reasonable
assumplion 1% made thal the atoms ol aniy siibslinee are |..'|:m|i1'||.:|i|||:.' 1 molion,
Then Brown's tiny pollen graims are jostled about by the vigorous barrage of
rapadly moving msolecules of water.

Im 1905, Adbert Einslein examined Brownian molion from a theoretical
point of view and was able to calculate from the experimental data the approx-
imate e and mass of aloms and molecules His caleulations showed that the
diameter of o typical atom is about 10" m.

Al the start of Chapter 10, we distinguished the three common states, or
phases, of maller—solid, liguid, pas—hbpsed on macrescopic, or “lrge-scole,”
properties. Mow let ws see how these three phases of matter differ, from the
alortie or micrescopic poinl of view, Clearly, atoims and molecules must exert
pitractive forces on ench other, For how else could o brick or a piece of aluminum
hobd together in one picce? The attractive forces between molecules are of an
electrical nature (more on this in later Chaplers). When moleciiles come oo close
together, the force between them must become repulsive (electnc repulsion
hetween their auter electrons), for bow clic could maner 1ake up space” Thus
malecubes mpintain o minimum distance from each other, In @ selid materiol, the
aliractive forces are strong enough that the atoms or molecules move only slightly
[oscallate ) aboul relatively fixed positions, ofien in an array known as @ crvsial
lattice, ns shown in Fig, 13-2a, In a lgquid, the aloms or molecules are moving
mare rapidly, or the forces between them are weaker, so that they are sufficiently
free 1o pass over one ancther, o in Fig, 13-2b, In o gos, the forees are so wenk, or
the speeds 2o high, that the molecules do not even stay close together, They move
rapidly every which way, Fug. 13=2¢, GOlling any container and occssionally
"The serms aneaic weetght and sevonke weehr ane sometimes osed for these goantitics. bl progs
wrly speaking v and Gomparing masss
YAm elemiewe oo substance, such s gold, ron, or copper, that cinnot be broken doam isoe simpler
substances by chomical means, Compaungy are substanoes made up ol clomonls, and can b braken
doww into them: exumples mre carbeon dicwdde and weter. The smallest peece of on clement & an asom;
e emiallin) pieds of & compaoand 19 & molesule Moleoaeks ard mack wp of aromd; o meokcels of waner,
fior exzmple, is made up of two atoms of hydroegen and see of coygen: ils chemicnl formula is HC8
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FGURE 12-1 Puth of & tiny particle
ipodlen graan, for example) sospemded
in wader. The straight lines connec
wlerved positions of the partbde ai
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FGURE 13-2  Avomic arrange-
menls in (n) & crystalline solidl.
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