Chapter 23 - Nuclear Chemistry

C_heml:aimd‘:b_hg : leactons in which. elements maindmin Tair dowhtyy
ard intract only Hhrough elechionic changes (chongaa in. e vumber of
ouler elechons i), ]

Nucleon, reactions mvolee
0) charges in Hhe composihon, of nuclei
(@) release (naually) of Memerdows amounts of envgy
(8 hansmuchation. of clements  ( eloment 3 — eloment o )

Recal He charactrwtics of the nuclius of an adom; the nuclus makes up
only avery Small past of e toial volume - but & eontuno mostof T
mass of am atom Aenca it is vewy dowe.  (Rulhafods expt - CA'5)

IWis brown noo that fhuw o many subadmuic partico in e muclive —

hef just profona and nuhons - That help overtome The coulombic
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Nuclion reachons am T vesult of the inshbdity of The nuclus of an adpm.
The more unstable fo rucluw is, e facke it ild dacouy or dacompose,
ard release mdiattm. (!oﬂioadr.‘uuﬁ)-

Nuclean csfa.b].ﬁ:, can be relaked fo T mdio of fle number of ruchons o
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Mereover, there are magic numbers which appear Ho impart excsphonal
shbliy . Nuclide wih o number of pofme & o number of reuhms
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Abowe am odomic number of 20, mest shible nuclides have f mbio >1

Nudti whose. 7 rochies M outsite “the bawd of stbdity emit
porhicdis) andfor elochomagratic mys i oder Ho et back b
ﬂo.bo.vdofshbdﬂif Thee ruclie lyong oulside Hre band of
s{nbi.ﬂ_di, are Codled mdivachive and wndirge Spontameous
lndiooctuoe. dm"&




Common. Radicactwe, Emissions
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 Lets look at He woys in which huclites outsde o band of shibiity
refurn to the bond of stabudiy .
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Nde : to balamee nuclear reachons ,
3, maws numbers of reactants = S-mamnMMobeducﬁ
51 afomic numbtrs of reactunts = 5. adomic numbs of producs
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T Nuclei, witt. Atomic Number (AN) > §3
' adl one rodicactive
many decay by alpha emussion.

26 222 4
B (or ;O()

Radiadion. can be dedected in many ways  ( Sectim 30-8)
I photographic dotection
2. delection. by flunestonce using seontilladm coundr, — vere roudine
3. clod chamber -
4. qas iizadion Counders (eg "Gu?u- Midler counter )
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USA . Aprk 2%, 1986
Homeowners at peril
from deadly radon gas

houses.
Elghteen months ago Watras, of Bayertewn, Pa., set off
radiation monitors as he waiked into a nuciear power plant.
He also set off a wave of concern that radon — radioactive

ground rock formations into miilions of homes.
“I just kept thinking “What have I done to my kids? ” said

Watras, 35, a engineer and father of two. “My
00 lived 12 of his first 15 months in that envi-
ronment.’ have we done to him?”

commercial uranium opera-

work foun-
dation ‘

The EPA aiso is sampiing the USA to determine the enor-
mity of Estimates range from a miliion to sev-
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Ina 1.0 L somple of air, the cmcanhatim of Rn- 222 was measwad
| fo be 200 dpm ( duoirkgratmma per mumide .

(7000 dpm/i. is hgh #)

At 3(0)  How momy atoms molss, gmma o-fmkl\. does Thio m;msmt?

Or better yet, use the
equations we've used
before:

In (A/A0) = -kt

Where ty» = 0.693/k

rale of decay = __%Q_ = kA

200er= R A

* maat )Cnd He e comtarnt ko n punute”
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T3 (inmin) 3.92d » 24 bowy x Qe

= . 2% 107 i

A = 200 dpm
126 %1074 !

= L59x10°
“ 159 %10° afoms one i Fo, samole (/1)

[.39% 10% odoma | -
A@r) = oa3x 169 cdom/mele = 2442107 moles reden

A (g = 210" e < 222 Toel = 5.86%10°% g in ) UG
Saample. -

(b) Whak %o{mRn. hao decayed owvay - offer 8.00 daye?
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235 Y% of Rn remaino
1.5 % of Rin hmd.QCa.?nd away.
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L s present 'mbuxﬂdw modriol and keeps Pmdxh»q more..
Uses of Rodionuclides

There ang many prachaal applications o mcicnuclides beause Hhey
decoy at broum vt Rats of decay are indipondont of exfunal
. -fadmsm oo ConContatum., Yomperatun, presswne , atalyst e,
Thise uetude .
Cl_)__z_nd-_ioadﬁre, dm‘t}q
(@ redio carbon doting : chict < $D,000 yaans old

-]

C = N+ < 5730 gons

(b) unamuium - lead dakirg ©  obecti seotl bullion years old
L —>->> %p|, 'li = 4.5 x)0° year
wed o dbamine age of Ye earth ot 4.6 % 107 yran.
(2) madiéol wato © rodicockin. hacso . aciwnbon , “Co heahmant 5 anc
(3) reseonch. :



Q) ogalaa.l}w\o.l UALY !nwhqu.ﬁ/;q rwchuent uptake
(8) uwdwhiol wes

Arhhicial Tromsmutation of Elemends ( Nuclear bombaxdmest)

The fiut antfiially onduced nuclion reaction hagpened in (IS by Rutferfad.

)| 9
;N v ,He — :H t I:O

The abbrewaded ﬁw\ of Thia reachm is
] . 17
:N (:_0" , -'P)so

|.__bomboadment wih poschit lons

Po&iﬂt ona H h dz\og.m nﬁm +1 chuge
°‘H dewderium N TP chorge

cion)

2He helum “hucliua  +2 change

problom : sunee fhe nucluw is Fosf'wtlof choqed, agumideo.lo{
gy s requed o bomboad it with & postwely chagad iom.
Cyclohmo and Linean accaltiatns are hud.

mt 223 P

e#wm s % - ‘?H" + Q a'HE-
e a2 "7 ]
nMo + ,H - qﬂ_c-. LN 4 |

2 Newhon bembosdmend

Suner neuhons have no chage , They need not be accelunakd
o produce bombadment PEadrm Neutono can be produced

I~ wuclan reachors.



Typw of reachons
@ -@af' nuchonw - have h{?}\ kume hic enmngis — Couwe Suﬁs:tf(au,
Pl to be eqeckd

Hg ) 3 o
bONd + on - “Pm *-13

(b)) slw rewtons are captued by te nuclous
, - |

201 °
WHQ t oh ""‘gb”? 0 ta (n, ) rachn

Nuclear Fission and Fusim.

nuackon -F:Au’m 1 The process im which o hea.w-( nuckuo (AN. > ?O)‘
sphit umfo nucki of wmitrmedals mases and one or mee reudions
are emitld. Edg.

U o - PU] - f:";Sm *;:2»\ + Hon+

shad-liod Ny o 2wgy

ruclion fusion. #epmm%wh’mwwucmw
o preduce o hawian hucluw . Eg

3 4 I
%H’ H —> He + on o+

Where does thic energy that is Produmd come ﬁm? ANSWER: in. bk
tochio , the produch hawe o fobl rmass Hat is slghtty Lezo fram
The swm of e masses of actanlts. le Ha s o decraet in 1raso
that accompamus Yo reachim.  This diffounce ix. mads bedweon
poducls and e reachnts - is o the erugy
refloased n e nuclian reachim b.; E = me? (EA(\SM ecbwoJUn)



H 15 am expormental fact That He maswo of an adom 15 ALWAYS less Hhan
fhe Sum o the mawses of & cmshiuent particles. The dforance in macats

s Hhe Mass DEFICIENCY or DEFELT ..
moss defct = (swm of manses of all e, P and n°) - (actual mass of atrm,
hs moas defect isc?tdualm't to the envigy requued fo bud the elachims

potnw ard newhims fogeher, — called the NUCLEAR BINDING ENERGY
using  E = me?.

Exampl:  Caleudols foo 1L whose atomic weight is 34.9%89 amu

(o) moso defect © UL there w17 promo, 17 elachms, 18 reuchams

the sum of moaeo = (R p o+ 1FXLO0F3 = (2129 am
ofamds:m ¥ & : [13x000055: 00093
et I8 n° :  19x 1.O0%7 - 8.1Skk
35.2800 amau

buf the actual moass s only 34.96%9 amu.
“mass defect = 35.2900 - 34.9L89
= 0.22|l omu /o:h‘m. of 35CL

(9 ruckion bndng enongy ( Trol) 5 envgy requad 4o spmate Ll
o™ odme imto b padTs,

m&&d = 0.321 g /mole of "CL by defmtkim. of ama.

E = me? ) E: ernqy (I)
- (3201 16" h)(3oo=10 N m: m(h@
- 283 10° :r/m | c: spad of Dokt
= 2895 10° kT /mol (300% 10° ™4 )

Ne& s s o lof of enngy



Ancther way o expuss ruclin. bindig exvay is in Ml por nucluom.
(mega. elechom volts)  The Conversim. it (quien. when naades)
s 93| MeV/m. Eom E=me?)

Néw: A nuclion s a particle makurg up The nuclus - a nauton o a
prstan. . The ruumber of nucleons in oo panhudan sotpe io
to e mans Mnkz\,(#ﬁ&%o—/?mm + neno).
9. Yhe mumber of rucleono i UL = 35.
amu | adorn, MeV
+ raclean bwd.wq ernqy = O.321 atom * 35 nuclions ¥ 93/ Tama
(MeV /nuclion) = 954 MeV /nuckean .

iS°a how ynuch gy wnlumcd lh-(pmn? AE ft}n mmadmm
i "‘;H . ?H_) 1He +:n *wqr _

Plan (Mokd Swass i reachim (amac)
(@) we comversian ",gdqn Q31 MeV/ amuc

mowp of H= 2040 ama
. 3H= 301k05

‘n= 100gF

o £ reackion, = (20MO0 +3.01608) - (4002604008 7)
= O.01%¥5 omu

AE = O.0B¥5 amu x 93! MeV fomu
= 1.5 Mey



Whetia e meaning of T ramdn 1%.5 Mel of onurgy relusasd when

fqa’mnofdud%ummuniilaimﬂafﬁu‘uum{oﬁm\}wﬂum\
ord a heuhm 7

Using covmsion fictor eV = 160 x 16" T

| Haw musch e enuq)a obin?

oh am afemic scale , Thwo l-Eo.dlm.?lodutm [£S %10 c.VxIGO*JD'QJVV
or 280x)072 J

but if’ Imol of H (+2g) ract itk H (+3 ),
hen 380% 107 Ty x b0 Ja"mw/m

- -l"r""hr!OnJ' ofeijrmpwduttd—

'Ecmﬂm#e mas of H(g) #araiu&twad fam 20°C % b"'ﬁﬁ"'

heat = (SpHf HO xtmass x 2T) + +( Htvap wp * maw)
,?‘fx IOR J" EL,? %‘C_ X masd x am-gp)ecl 1-(2250 T/? x M)
maw = (. FIx 0} g wade,

_ velume = 6F1*JOF o’ waden  (Demsity of K0 - 200)

| »HQNM.LL_ wolts, cam B beded _?m& L4 x10% T o{}m:t__ .

b

74 - el x 10 ont G () - 543?*10 ﬂ’

S USRI S S

o whidks e e, volume _*_,_;
- ot b&w H0 ﬁw;dm,_oﬁ?o_:fiﬁmsq‘_@i




If we plot b@dﬁnq&nuqq aganst mass numbens )gr auﬂehudtm
we obtuin the following:
56

.30 Fe
Bond, i Figure 23.4
Enerq : '
per rudecn \
(Mey) :
 —
Mass Nwimber

*F & fhe most shble afom sonce it hos Fhe hohot bundling enrgy
Ih foct, ol admo with. inferirediati mass numbers hae the greokat bt

Abmmlﬂ\h?kmo.ssmm, e;&u., will undirge fasim. o
produte afome with inrmediah nacs numbe.

Atoma with low e numbers, eng, will wndegfuain readid
to form adoms wfﬂx'?reoiqm end honee greattt shabilid.

Most Nuckeor reactors today use @am reactions fo ?rodw:e woepd erarqy.
(see qua. on haxt pogc)

Inside the reaclor, ervqy is reluwed when o nudduw of o heawy odom

(g U-235) is splk apant by oo Slovo mowrg rauckrn info lighen fiasion
pluo 2 or more nahons.  These rawhovs aag slowed doun

when oy pase Hour oo MODERATOR (gaapki.li, or waka) amd o uoed

to spit other U-235 nuclii . The reault is . self contuning

hickan chaun reaction that stodily reloones hemendews amounk of

energy. The @ut'ah. e of U-235 is eonholled bg Mmovurg reuhon-

absorbing control reds (wually Cd) in ¥ out of fuel come.

hA meltdoum occwms wobhen (1) fuel rodo overhead |, (2 ) the reactors wianum coe.
qoe indo umeanhiolled reaction. + ere ity (3) rodioackive molien motd Suino

thuc contoumment vewsel and entrs eanth, (4) heat b watertable (5) skam
Hses auryving radiafior.. |



small amounts of
radioactive gases

uranium fuel input
(reactor core)

{once a year)
! containment shell

emergency core
cooling system

waste heat

electrical power

I

useful energy
- 30% 10 32%

periodic removal and storage periodic remaval and storage
of radioactive wastes of liquid radioactive wastes

M*l?.l A nuclear power plamt with a pressurized weler reacior.




