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Chuong 1. Nguyén tir va hat nhan - Chapter 1. Atoms and nuclei

Muc tiéu chwong — Chapter objectives

 Udc lugng bac do 16n khdi lugng, dién tich va kich thudc cia proton, neutron,
electron, nguyén tur va hat nhan.
Estimate orders of magnitude for the mass, charge and size of the proton, neutron, electron,
atom and nucleus.

« Tinh nguyén tir khdi trung binh tir khéi lwong va d6 giau dong vi, va nguoc lai tim do
giau tir nguyén tir khoi.
Calculate the relative atomic mass from isotopic masses and abundances, and find
abundances from the relative atomic mass.

« Tinh d6 hut khi, niang lugng lién két, nang lugng lién két riéng va dung dudng cong €
theo A dé giai thich phan hach, nhiét hach téa nang lugng.
Calculate mass defect, binding energy and binding energy per nucleon, and use the ¢ against
A curve to explain why fission and fusion release energy.

« Viét phuong trinh phan rd a, B, ¥, bét electron, v; dung N = No-27T va R = AN cho
mot va hai chat phong xa.
Write equations for o, -, B*, electron capture and y decay,; use N = Ny:2~"" and R = AN for
one and two radionuclides.

« Tinh ning lugng cta phan tng hat nhan (ca chia dong ning), tuéi mau theo ti 1¢ hat
nhan me va con, va doc dé vé d@)ng vi danh du trong y hoc.
Calculate the energy of nuclear reactions (including the split of kinetic energy), the age of a
sample from the parent to daughter ratio, and handle medical tracer problems.

1.1. Thanh phén, khéi lwong va Kich thuéc ciia nguyén tiv — Composition, mass

and size of the atom

Nguyén tir trung hoa c¢6 hat nhan mang di¢n duong & tam va cac electron ¢ xung quanh.
Hat nhan gdm proton (p) va neutron (n), goi chung 13 nucleon. Proton mang dién tich +e,
neutron khong mang dién, electron mang —e, voi e = 1,602:107" C.

A neutral atom has a positively charged nucleus at its centre and electrons around it. The

nucleus consists of protons (p) and neutrons (n), together called nucleons. The proton carries
charge +e, the neutron is uncharged and the electron carries —e, where e = 1.602-10~ C.

Hat Ky hi¢u Dién tich Khdi lwong (kg) Khdi lwong (u)
Particle Symbol Charge Mass (kg) Mass (u)

Proton | 1,6726-107% 1,00728
o P 1.6726-107%7 1.00728
1,6749-10°% 1.00866
1 5 R
Neutron on 0 157491027 onss
Electron 0 e e 9,109-10° 0,000549
- 9.109-107% 0.000549
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Khéi lwong proton va neutron gan bang nhau, mdi hat nang hon electron khoang 1,8-10
lan. Vi vay khéi luong cua nguyén tir tip trung ¢ hat nhan: phan cia electron nho hon
0,06 % khbi luong nguyén tir, ké ca véi 'H.
The proton and neutron have almost equal masses, and each is about 1.8-10° times heavier than

the electron. The mass of an atom is therefore concentrated in the nucleus: the electrons account
for less than 0.06 % of it, even in 'H.

PINH NGHIA 1.1 (S6 hi¢u nguyén tir, nguyén t6) / DEFINITION 1.1 (Atomic number,
element) — S5 hiéu nguyén tir Z ctia mot nguyén tir 1a s6 proton trong hat nhan, ciing 1a s6
electron cuia nguyén tir trung hoa. Nguyén t6 hoa hoc 14 tip hop cac nguyén tir c6 ciing sd
hiéu nguyén ttr.

The atomic number Z of an atom is the number of protons in its nucleus, and also the number of
electrons in the neutral atom. A chemical element is the set of atoms with the same atomic number.

Ban kinh nguyén tir ¢& 107 m = 1 A (tir khoang 0,3 dén 3 A tuy nguyén t6). Ban kinh
hat nhan ¢& 1075 m, don vi riéng 1a femtomet (1 fm = 107> m, con goi 1a fermi). Ti sb
hai ban kinh ¢& 10* dén 10°.
The atomic radius is of the order of 107" m = 1 A (roughly 0.3 to 3 A, depending on the

element). The nuclear radius is of the order of 10~1° m, measured in femtometres (1 fin = 10~1°
m, also called the fermi). The ratio of the two radii is of the order of 10 to 10°.

TINH CHAT 1.2 (Ban kinh hat nhan) / PROPERTY 1.2 (Nuclear radius) — Hat nhan c6
s6 khdi A dugc coi 1a qua ciu ¢ ban kinh rv = ro- A" v&i 1o ~ 1,2 fm. Thé tich hat nhan ti 1¢
vO1 A nén mat do nucleon gﬁn nhu nhau & moi hat nhan.

A nucleus of mass number A is treated as a sphere of radius ry = ro-A"> with ro = 1.2 fin. The nuclear
volume is proportional to A, so the density of nucleons is nearly the same in every nucleus.

In = ro-Al/3 (1.1)

NHAN XET / REMARK — Day la quy luét thuc nghiém, do bang tan xa electron va hat o
trén hat nhan. N6 dang cho A tir vai chuc trd 1€n; v6i hat nhan nhe nhu 2H sai 1éch 16n hon.
Hat nhan chi chiém c& 1074 thé tich nguyén tir (vi du 1.1) nhung chira trén 99,9 % khdi
lugng.

This is an empirical rule, measured by scattering electrons and o. particles from nuclei. It holds for A

from a few tens upwards; for light nuclei such as *H the deviation is larger. The nucleus fills only
about 10~"* of the atomic volume (Example 1.1) but holds over 99.9 % of the mass.

Vi DU 1.1 (Bic d9 16n) / EXAMPLE 1.1 (Orders of magnitude) — Hat nhan %Zn c6 ban
kinh theo cong thirc (1.1) véiro = 1,2 fm. Nguyén tir Zn c6 ban kinh 1,35 A. (a) Tinh r«. (b)
Tinh ti s6 ban kinh nguyén tir va ban kinh hat nhan. (¢) Tinh phan thé tich nguyén tir do hat
nhan chiém. (d) Néu hat nhan dugc phéng to thanh qua ciu ban kinh 4,8 mm thi nguyén tir c6
ban kinh bao nhiéu?

The *Zn nucleus has the radius given by (1.1) with ro = 1.2 fin. A Zn atom has radius 1.35 4. (a) Find
rn. (b) Find the ratio of the atomic radius to the nuclear radius. (c) Find the fraction of the atomic
volume taken by the nucleus. (d) If the nucleus is enlarged to a sphere of radius 4.8 mm, what is the
radius of the atom?

Tai li€u nay dugc bién soan boi doi ngii cuia website: https://globalmarket.vin
Trang 6



Hoéa hoc 10 cho Ga choi / Olympiad Chemistry for Grade 10

Loi giai. / Solution.

1.LA=64nén A =4varn=12"4=4,8 fm.
A=64,s0A" =4andry=12 x4 =4.8 fn.

2.P6i 1,35 A=1,35-10"""m va 4,8 fm = 4,8-107'5 m. Ti s ban kinh =
1,35-107194,8-10715 = 2,8-10".
Convert 1.35 4 = 1.35:10"" m and 4.8 fm = 4.8:10~"° m. The radius ratio is
1.35-10719/4.8-10°7° = 2.8-10".

3. Thé tich ti 18 véi lap phuong ban kinh, nén phan thé tich do hat nhan chiém la
(1/28.125)* = 4,5-10°14,
Volume scales with the cube of the radius, so the nuclear fraction is (1/28,125)° =~ 4.5-10~17,

4. Phong to 4,8 mm Ién tir 4,8 fm 1 gdp 10'? 1an; nguyén tir c6 ban kinh 1,35-10"%m -
102 =135 m.

Enlarging 4.8 fin to 4.8 mm is a factor of 10'°; the atom then has radius 1.35-1071" m x 10*?
=135 m.

Vay v = 4,8 fm; ti s6 ban kinh = 2,8-10% phan thé tich = 4,5-107'%; ban kinh nguyén tu
phong to = 135 m.

Hence ry = 4.8 fm; the radius ratio = 2.8-107; the volume fraction = 4.5-10~ "%, the enlarged atom
has radius =~ 135 m. W

LOI HAY GAP / COMMON MISTAKE — Lin A véi fm: 1 A = 103 fim, khong phai 10 fm.
Khi so sanh thé tich phai 1ap phuong ti s6 ban kinh chir khéng ding ti s6 ban kinh.

Mixing up A and fin: 1 A = 10° fin, not 10° fim. Volumes compare as the cube of the radius ratio, not
the radius ratio itself.

1.2. Nguyén t0, dﬁng vi va nguyén twr khoi trung binh - Elements, isotopes and

relative atomic mass

PINH NGHIA 1.3 (S6 khéi, nuclide) / DEFINITION 1.3 (Mass number, nuclide) — S6
khéiA=Z+Nla téng s6 nucleon, véi N 12 s6 neutron. Mot loai hat nhan xéac dinh boi cap
(Z, A) goi 1a nuclide, ky hiéu #zX, chiang han 3!;sP. Chi s Z thudng dugc luoc di vi ky hiéu
nguyén t6 di xac dinh Z.

The mass number A = Z + N is the total number of nucleons, where N is the number of neutrons. A
kind of nucleus fixed by the pair (Z, A) is a nuclide, written X, for example ' ;sP. The subscript Z is
often dropped because the element symbol already fixes it.

PINH NGHIA 1.4 (Pong vi) / DEFINITION 1.4 (Isotopes) — Cac ddng vi cia mot nguyén
t6 1a nhitng nuclide ¢6 ciing Z va khac N (khac A). Nuclide cung A khac Z goi 1a ddng khéi,
cung N khéc Z goi 12 ddng neutron.

Isotopes of an element are nuclides with the same Z and different N (different A). Nuclides with the
same A and different Z are isobars; those with the same N and different Z are isotones.

Céac dong vi cia mot nguyén td co cung ciu hinh electron nén cé tinh chat hoa hoc gan
nhu giéng nhau. Khac biét nho dén tir khoi luong: tdc do khuéch tan, tbe do phan ung va
cac hang sd vat 1y ctia D20 khac HO. Tinh chat hat nhan (c6 phong xa hay khong, chu
ky ban huy) khac nhau rd rét gitta cac dong vi.
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Isotopes of one element have the same electron configuration, so their chemical properties are
nearly identical. The small differences come from mass: diffusion rates, reaction rates and the
physical constants of D20 differ from those of H>O. Nuclear properties (radioactive or not, half-
life) differ sharply between isotopes.

PINH NGHIA 1.5 (Pon vi khoi hrgng nguyén tir) / DEFINITION 1.5 (Atomic mass unit)
— Pon vi khdi luong nguyén tir u bang 1/12 khdi lwong ciia mot nguyén tir '2C. Theo dinh
nghia, khdi lugng nguyén tir '2C dang bang 12 u, va 1 u = 1,6605-102" kg =~ 931,5 MeV/c%
The atomic mass unit u is 1/12 of the mass of one °C atom. By definition the mass of a '°C atom is
exactly 12 u, and 1 u = 1.6605-10"%" kg = 931.5 MeV/c’.

Khéi lugng nguyén tir ciia cac nuclide khac khong phai s nguyén: 'H nang 1,007825 u,
160 ning 15,994915 u. Co6 hai nguyén nhan: m, khac ms, va mot phan khéi lugng chuyén
thanh nang lugng lién két (muc 1.3). S6 khéi A 1a s6 nguyén; khéi lugng nguyén tir chi
Xap xi A u.

The atomic masses of other nuclides are not integers: 'H is 1.007825 u and 150 is 15.994915 u.
There are two reasons: my differs from m,, and part of the mass is converted into binding energy
(Section 1.3). The mass number A is an integer, the atomic mass is only approximately A u.

PINH NGHIA 1.6 (Nguyén tir khoi trung binh) / DEFINITION 1.6 (Relative atomic
mass) — Nguyén tir khéi trung binh ctia mot nguyén t6 1a trung binh c6 trong s6 theo s6
nguyén tir ctia khdi luong cac dong vi. Néu dong vi i o khdi lwong Mi (u) va chiém phan sd
nguyén tir x; voi X x; = 1 thi Ar =X x;-M.

The relative atomic mass of an element is the mean of its isotopic masses weighted by the number
fraction of atoms. If isotope i has mass M; (u) and number fraction x; with X x; = 1, then A, = X x;-M,.

Ar=2xM;, Zxi=1 (1.2)

Phé khéi ghi sb ion theo ti sd khdi lugng trén dién tich: ion dugc tao ra, gia tdc rdi léch
trong tlr trudng, ion nhe 1éch nhiéu hon. Chiéu cao pic ti 1& v6i sd ion nén cho d6 giau
dong vi. V&i don chat hai nguyén tir X> ma X c¢6 hai dong vi do giau p va q =1 — p, hai
nguyén tu trong phan tir chon déng vi ddc 1ap, nén ba pic (hai nhe, mot nhe mdt nang, hai
nang) cé cuong do ti 1¢ nhu sau.

A mass spectrum records the number of ions against the mass to charge ratio: ions are formed,
accelerated and then deflected in a magnetic field, the lighter ones more strongly. Peak height is
proportional to the number of ions and so gives the isotopic abundance. For a diatomic element
X> whose X has two isotopes of abundance p and q = 1 — p, the two atoms in a molecule choose
isotopes independently, so the three peaks (two light, one light and one heavy, two heavy) have
intensities in the following ratio.

p2:2pq:q? (1.3)

PHAN TICH / ANALYSIS — Hai an (hai d6 giau) can hai phuong trinh: tong bang 1 va
trung binh c6 trong s bang A,. Dung khéi lugng dong vi dé cho, khong ding s6 khdi. Trude
khi tinh, wéc lwgng: A gan M ciia ddng vi nao hon thi dong vi 6 chiém hon nira. S6 nguyén
tir trong mot mau di qua s6 mol ctia hop chét, roi nhan hé sb cong thirc.

Two unknowns (two abundances) need two equations: the fractions sum to I and the weighted mean
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equals A,. Use the isotopic masses given, not the mass numbers. Before calculating, estimate: the
isotope whose M is closer to A, has more than half the atoms. The number of atoms in a sample goes
through the amount of the compound, then the subscripts in its formula.

Vi DU 1.2 (Trung binh theo trong s6) / EXAMPLE 1.2 (Weighted mean) — Antimony tur
nhién gdm '2'Sb (M = 120,9038 u) va '23Sb (M = 122,9042 u), nguyén ti khéi trung binh
121,76. (a) Tinh phan trim s6 nguyén tir cia mdi dong vi. (b) Mot miu 5,00 g antimony(I1I)
sulfide Sb>S3 chira bao nhiéu nguyén tir 2*Sb? Dung A«(Sb) = 121,76; S = 32.

Natural antimony consists of >'Sb (M = 120.9038 u) and '*>Sb (M = 122.9042 u), with relative atomic

mass 121.76. (a) Find the percentage of atoms of each isotope. (b) How many '*Sb atoms are in a
5.00 g sample of antimony(I1l) sulfide, Sb»S3? Use A,(Sb) = 121.76; S = 32.

Loi giai. / Solution.
1. Goi x 13 phan sb nguyén tir ciia '2'Sb thi '2Sb 1a 1 — x, va Ar = x-Mi + (1 — x)-Ma.
Let x be the number fraction of 1?!Sb, so '>Sb has 1 — x, and A, = x-M; + (I — x)-M-.
x=(Mz2—-Ay)/ (M2— M)

2.x=(122,9042 — 121,76)/(122,9042 — 120,9038) = 1,1442/2,0004 =~ 0,5720. Vay ?!Sb
chiém 57,20 % va '2Sb chiém 42,80 %. Két qua hop 1y vi 121,76 gan 120,9 hon
122.9.
x=(122.9042 — 121.76)/(122.9042 — 120.9038) = 1.1442/2.0004 = 0.5720. So 1218p is
57.20 % and '33Sb is 42.80 %. This is reasonable because 121.76 is closer to 120.9 than to
122.9.

3. M(Sb2S3) =2-121,76 + 3-32 = 339,52 g/mol nén n = 5,00/339,52 = 0,01473 mol.
M(Sh>S3) =2 x 121.76 + 3 x 32 = 339.52 g/mol, son = 5.00/339.52 = 0.01473 mol.

4. S6 nguyén tir Sb=2 - 0,01473 - 6,022-10% = 1,774-10%2. S6 nguyén tir '2*Sb = 0,4280
- 1,774-10% = 7,59-10%1,
Number of Sb atoms = 2 % 0.01473 % 6.022-10°° = 1.774-10*°. Number of '?3Sb atoms =
0.4280 x 1.774-10°* = 7.59-10°'.

Vay 2!Sb 57,20 %, '23Sb 42,80 %; mau chia = 7,59-10%! nguyén tir '2Sb.
Hence ?1Sb is 57.20 % and '?Sb is 42.80 %, the sample contains = 7.59-10°! atoms of '?>Sh. ®

LOI HAY GAP / COMMON MISTAKE — Liy trung binh cong hai s6 khéi hoic trung binh
theo khéi lugng thay vi theo s6 nguyén tir. Do giau dong vi 1a phan sé nguyén tir, khong phai
phan khéi lugng.

Averaging the two mass numbers, or weighting by mass instead of by number of atoms. Isotopic
abundance is a number fraction, not a mass fraction.

1.3. P hut khéi va ning lwong lién két — Mass defect and binding energy
Khéi lugng cua mdt hat nhan nho hon téng khdi lugng céac nucleon riéng 1€ tao thanh no.
Phan chénh léch 1a d6 hut khéi.

The mass of a nucleus is smaller than the total mass of the separate nucleons that form it. The
difference is the mass defect.
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PINH NGHIA 1.7 (P hut khoi) / DEFINITION 1.7 (Mass defect) — Do hut khéi cua hat
nhan 47X 13 Am = Z-m, + (A — Z)'my — Mpn, v6i mna 13 khéi luong hat nhan.

The mass defect of the nucleus “2X is Am = Z-my, + (A — Z)my — Muue, Where my,. is the mass of the
nucleus.

Bang khdi luong cho khdi luong nguyén tir M (ké ca Z electron) chir khong cho khdi
lugng hat nhan, nén can dang dung duoc ngay.

Mass tables give the atomic mass M (including the Z electrons), not the nuclear mass, so a
directly usable form is needed.

Chirng minh. / Proof.

Bo qua niang lugng lién két cta electron (c& eV dén keV, nho hon ning luong lién két hat
nhan hang nghin 1an): mm =M — Z-me va M('H) = m, + me. Thay vao dinh nghia:

Neglect the binding energy of the electrons (eV to keV, thousands of times smaller than the
nuclear binding energy): mme = M — Z'me and M('H) = m, + me. Substituting into the definition:

Am =7Z-(mp+me) + (A—Z)mp— (M —Z-me + Z-me) =Z-M(H) + (A — Z)-m, —
M (1.4)

Z khéi luong electron triét tiéu, nén chi can M('H), m, va M cua nuclide.

The Z electron masses cancel, so only M('H), m, and the M of the nuclide are needed. m

PINH LUAT 1.8 (H¢ thirc khdi lwong — niing lwong (Einstein)) / LAW 1.8 (Mass—energy
relation (Einstein)) — Khi mot hé giai phong nang lugng E (nhiét, birc xa, dong ning), khdi
lwong nghi ciia hé giam Am = E/c2. Niang lugng lién két Ei cta hat nhan 13 ning luong tdi
thiéu can cung cip dé tach no thanh cac nucleon riéng 1¢ ding yén, va Ex = Am-c2 Pham vi:
moi bién doi, kiém ching thyc nghiém trong phan tng hat nhan.

When a system releases energy E (heat, radiation, kinetic energy), its rest mass falls by Am = E/c’.
The binding energy Ep of a nucleus is the minimum energy needed to separate it into free nucleons at
rest, and Ey = Am-c’. Scope: every transformation, confirmed experimentally in nuclear reactions.

Ex=Am-c? 1u-c?=9315MeV (1.5)

PINH NGHIA 1.9 (Ning lwong lién két riéng) / DEFINITION 1.9 (Binding energy per
nucleon) — Ning lugng lién két riéng & 1a nang luong lién két tinh trén mot nucleon: & =
Ew/A. Hat nhan c6 € cang 16n cang bén.

The binding energy per nucleon ¢ is the binding energy divided by the number of nucleons: ¢ = Ey/A.
The larger ¢ is, the more stable the nucleus.
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Hinh 1.1. Ning luong lién két riéng € theo s6 khdi A, tinh tir khdi luong nguyén tir ciia cac
nuclide bén (miii tén chi chiéu & ting).
Figure 1.1. Binding energy per nucleon ¢ against mass number A, from the atomic masses of stable
nuclides (arrows show the direction in which ¢ rises).

TINH CHAT 1.10 (Pwong cong ning lwgng lién két riéng) / PROPERTY 1.10 (Curve of
binding energy per nucleon) — Duong cong ¢ theo A ¢6 dang: ¢ ting nhanh tir 2H (1,11
MeV) dén “He (7,07 MeV), tang cham dén cuc dai ~ 8,8 MeV & A = 56 dén 62 (nhém st —
nickel), rdi giam dan dén = 7,6 MeV & uranium. “He va '2C cao hon c4c hat nhan ké bén.

The curve of € against A has this shape: ¢ rises steeply from *H (1.11 MeV) to *He (7.07 MeV), rises
slowly to a maximum of = 8.8 MeV at A = 56 to 62 (the iron — nickel group), then falls gradually to =
7.6 MeV at uranium. *He and "*C lie above their neighbours.

NHAN XET / REMARK - Luyc hat nhan manh c6 tim ngén ¢ vai fm, nén mdi nucleon chi
lién két v6i cac nucleon sét canh: & tang roi bdo hoa. Hat nhan nho ¢6 nhiéu nucleon & bé mat
thiéu lang giéng nén ¢ thap. O hat nhan ning, lyc diy Coulomb giita cac proton c6 tim xa,
tang gan nhu theo Z2, kéo & xudng. Hai hiéu ing nay dit cuc dai ¢ vung st — nickel. Day la
giai thich dinh tinh, khong chirng minh.

The strong nuclear force has a range of a few fim, so each nucleon binds only to its immediate
neighbours: ¢ rises and then saturates. Small nuclei have many surface nucleons that lack neighbours,
so ¢ is low. In heavy nuclei the long-range Coulomb repulsion between protons grows roughly as 7*
and pulls € down. These two effects place the maximum in the iron — nickel region. This is a
qualitative explanation, not a proof.

HE QUA 1.11 / COROLLARY 1.11 — Trong phan tmg hat nhan (s6 nucleon bao toan), ning
luong toa ra 1a Q =  Ey(san phim) — T En(chat ddu) = = Aj-gj — £ Ai-&i. Phan hach hat nhan
nang thanh cdc manh trung binh va nhi¢t hach hat nhan nhe thanh hat nhan nang hon déu lam
& taing nén Q > 0. Bién d6i di nguoc vé phia ¢ giam thi Q < 0.

In a nuclear reaction (nucleon number conserved) the energy released is Q = X Ey(products) — %
Ey(reactants) = X Aje; — X Aiei. Fission of a heavy nucleus into medium-mass fragments and fusion of
light nuclei into a heavier one both raise ¢, so Q > 0. A change that moves towards lower ¢ has Q < 0.
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Chirng minh. / Proof.

Mdi khéi lugng hat nhan bang tong khdi lugng nucleon trir Ei/c?. SO proton va sd
neutron tu do ¢ hai vé bang nhau (bao toan dién tich va sé nucleon), nén chi con cac Ex.
Proton hay neutron ty do c6 Ex = 0 nén khong doéng gop:

Each nuclear mass equals the sum of its nucleon masses minus Ey/c’. The numbers of protons

and neutrons on the two sides are equal (charge and nucleon number are conserved), so only the
Ey terms remain. A free proton or neutron has Ey = 0 and contributes nothing:

Q = Z Ei(san phdm) — X Ex(chat dau) =X Ajg—Z Airei (1.7)

PHAN TiCH / ANALYSIS — Dé cho khéi lugng NGUYEN TU nén dung dang (1.4) véi
M('H), khong dung mp. Dung my, ma quén cdng electron lam sai Z-me: v6i Z=15dala 7,7
MeV trén khoang 263 MeV. Do hut khdi ¢ 10" u trén khéi lugng ¢& 10" u, nén phai giir it
nhit 6 chit s6 thap phan cua khéi luong.

The problem gives ATOMIC masses, so use form (1.4) with M('H), not m,. Using m, and forgetting the
electrons gives an errvor Z-m.: for Z = 15 that is already 7.7 MeV out of about 263 MeV. The mass

defect is of the order of 10~" u on masses of order 10" u, so keep at least 6 decimal places in the
masses.

Vi DU 1.3 (Hut khdi tir khéi lwrgng nguyén tir) / EXAMPLE 1.3 (Mass defect from
atomic masses) — Cho M(*'P) = 30,973762 u, M('H) = 1,007825 u, m, = 1,008665 uva 1 u=
931,5 MeV/c2 Tinh d6 hut khéi, ning lugng lién két va ning lwong lién két riéng cua 3'P.
Given M(*'P) = 30.973762 u, M('"H) = 1.007825 u, m, = 1.008665 u and 1 u = 931.5 MeV/c’. Find
the mass defect, binding energy and binding energy per nucleon of *'P.

Loi giai. / Solution.
1.315P ¢c6 Z=15vaN = 16. Theo (1.4): Am =15 - 1,007825 + 16 - 1,008665 —
30,973762.
3ysPhas Z=15and N = 16. By (1.4): Am = 15 x 1.007825 + 16 x 1.008665 — 30.973762.

2.15-1,007825 =15,117375; 16 - 1,008665 = 16,138640; té)ng 31,256015. Am =
31,256015 —30,973762 = 0,282253 u.
15 % 1.007825 = 15.117375; 16 x 1.008665 = 16.138640; sum 31.256015. Am = 31.256015
—30.973762 = 0.282253 u.

3. Ex=0,282253 - 931,5 = 262,9 MeV.
Ey=0.282253 x 931.5=262.9 MeV.

4.£=262,9/31 ~ 8,48 MeV/nucleon, phit hop voi Hinh 1.1 (hat nhan ¢ A = 30 nam &
ving 8,4 dén 8,5).
€ =262.9/31 = 8.48 MeV per nucleon, consistent with Figure 1.1 (nuclei near A = 30 lie at
8.4 1t08.5).

Vay Am = 0,2823 u, Ei = 262,9 MeV, ¢ = 8,48 MeV/nucleon.
Hence Am = 0.2823 u, E»y = 262.9 MeV, ¢ = 8.48 MeV per nucleon.
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PHAN TICH / ANALYSIS — Chon cong cu theo thir tu: (1) & tir Hinh 1.1 cho Q ctia mot
phan hach; (2) d6i MeV sang J r6i nhan N cho mét mol; (3) chia cho khdi lwong mol dé ra
ning lugng trén gam. So hai qua trinh trén cling mot gam chat méi cong bang, vi nhiét hach
6 chét dau nhe.

Choose tools in order: (1) ¢ from Figure 1.1 gives Q for one fission; (2) convert MeV to J and multiply
by N4 for one mole; (3) divide by the molar mass to get energy per gram. Comparing the two
processes per gram of material is the fair test, because fusion starts from light reactants.

VI DU 1.4 (Phan hach va nhiét hach tir dwong cong £) / EXAMPLE 1.4 (Fission and
fusion from the € curve) — Puong cong ¢ Hinh 1.1 cho &(**°U) = 7,59 MeV va € = 8,5 MeV
v6i cac hat nhan c¢6 A tir 90 dén 140. (a) Uc tinh ning lugng toa khi mot hat nhan 235U phan
hach thanh hai manh (neutron ty do c¢6 Ei = 0). (b) Ly 200 MeV mdi phan hach, tinh ning
luong toa khi phan hach hét 1,00 g 235U (M = 235 g/mol) va khdi luong than d4 twong dwong
(nhiét tri 29 MJ/kg). (c) Phan tng 2H + *H — “He + 'n ¢6 Q = 17,6 MeV; tinh nang lugng toa
trén 1,00 g hdn hop chat tham gia (M(3H) = 2,014 va MCH) = 3,016 g/mol) va so véi (b).

The curve in Figure 1.1 gives e(**>U) = 7.59 MeV and e = 8.5 MeV for nuclei with A firom 90 to 140.
(a) Estimate the energy released when one U nucleus fissions into two fragments (a free neutron
has Ey = 0). (b) Taking 200 MeV per fission, find the energy released by fully fissioning 1.00 g of U
(M = 235 g/mol) and the mass of coal with the same heat (calorific value 29 MJ/kg). (c) The reaction
’H+°H —?He + 'n has Q = 17.6 MeV; find the energy released per 1.00 g of reactants (M(*H) =
2.014 and M(’H) = 3.016 g/mol) and compare with (b).

Loi giai. / Solution.
1. Sé nucleon duoc bao toan (A = 235), nén theo (1.7): Q =235 - (8,5 — 7,59) ~ 2,1-102
MeV, cung bac voi gia tri 200 MeV thudng dung.
Nucleon number is conserved (A = 235), so by (1.7): Q=235 x (8.5 — 7.59) = 2.1-10° MeV,
the same order as the 200 MeV commonly used.

2.1,00 g 23U ¢6 1,00/235 mol, tirc 1,00/235 - 6,022:10% = 2,56-10*! hat nhan. Nang
lwong = 2,56-10%! - 200 - 1,602-1071* J =8,2-10'° J.
1.00 g of U is 1.00/235 mol, i.e. 1.00/235 x 6.022-10% = 2.56-10°! nuclei. Energy =
2.56-10°" x 200 x 1.602:10° 1 J = 8.2-10"° J.

3. Khoi lugng than = 8,2:10'° J / 2,9-107 J/kg ~ 2,83-10° kg, khoang 2,8 tin.
Mass of coal = 8.2-10"° J/ 2.9-107 J/kg = 2.83-10° kg, about 2.8 tonnes.

4. Mot mol phan Gng dung 2,014 + 3,016 = 5,030 g chat dau va téa 17,6 - 1,602-107"3 -
6,022:10% =1,70-10'? J. Trén 1,00 g: 1,70-10'%/5,030 = 3,4-10"! J.
One mole of reaction uses 2.014 + 3.016 = 5.030 g of reactants and releases 17.6
1.602:1071 x 6.022-10°° = 1.70-10"? J. Per 1.00 g: 1.70-10'%/5.030 = 3.4-10"! J.

Vay phan hach = 2-102 MeV mdi hat nhan, 1,00 g 25U toéa =~ 8,2:10'° J (= 2,8 tan than);
1,00 g hdn hop deuterium — tritium toa ~ 3,4-10'" J, gép khoang 4,1 lan.
Hence fission releases = 2-10° MeV per nucleus, 1.00 g of *°U releases = 8.2:10'° J (= 2.8

tonnes of coal); 1.00 g of deuterium — tritium mixture releases = 3.4:10'! J, about 4.1 times as
much. A
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LOI HAY GAP / COMMON MISTAKE — Diing m, thay cho M(*H) khi & cho khéi luong
nguyén tir, hodc lam tron khéi luong dén 2 dén 3 chit sb thap phan: Am sai vi n6 1a hi€u cua
hai s6 gan nhau.

Using m,, instead of M(' H) when atomic masses are given, or rounding masses to 2 or 3 decimals: Am
is then wrong because it is a difference of two nearly equal numbers.

PHAI THUQC / MEMORISE — Ei = Am-c?; ¢ = Ei/A; 1 u~ 931,5 MeV/c?;, Q =3 A-g(san
phém) =X A-s(chét déu); cuc dai cia € = 8,8 MeV ¢ vung sit — nickel.

Ey =Am-c’; e = EyA; 1 u~931.5 MeV/c’; Q = X A-e(products) — X A-e(reactants); the maximum of &
~ 8.8 MeV lies in the iron — nickel region.

1.4. Cac kiéu phong xa va dinh luat bdo toan — Modes of radioactive decay and

conservation laws

PINH NGHIA 1.12 (Phéng xa) / DEFINITION 1.12 (Radioactivity) — Phong xa la qua
trinh hat nhan khong bén tu bién ddi thanh hat nhan khac hodc vé trang thai nang lugng thap
hon, kém phat ra hat hoic photon. Qu4 trinh xay ra ngau nhién cho tirng hat nhan va khong
phu thudc nhiét do, 4p suat hay trang thai hoa hoc ctia nguyén tir (trir sai khac nho & bat
electron).

Radioactivity is the spontaneous change of an unstable nucleus into another nucleus, or to a state of
lower energy, with emission of a particle or photon. It occurs at random for each nucleus and does

not depend on temperature, pressure or the chemical state of the atom (apart from small differences in
electron capture).

Kiéu Hat phat ra Bién doi Vidu
Mode Emitted Change Example

Z giam 2, A giam 4 241 237
Am — Np + “H
* He Z falls by 2, A by 4 psam A

Z tang 1, A gilt nguyén

60 60 : 10 =
. 27Co — ""sNi+ e + v
Zrises by 1, A unchanged 7 s ¢

B e, Ve
Z giam 1, A gilt nguyén

11 11 0
C— sB+"e+v
Z falls by 1, A unchanged 6 ° o ¢

B+ e+’ Ve

Bit electron

Ve va tia X Z giam 1, A gilt nguyén .
Electron ¢ g g guy Be +%1e — 3Li + ve
Ve and X-rays Z falls by 1, A unchanged
capture
Z va A gilt nguyén
y photon g nguy 137m; Ba — 137;Ba +y

Z and A unchanged

Trong phén rd f~, mot neutron trong hat nhan bién thanh proton: n — p + ¢~ + V. Trong
phan ra B*, mot proton bién thanh neutron: p — n + ¢ + ve. Neutrino ve va phan neutrino
Ve trung hoa, khéi luong gan bang khong, twong tac yéu; ching mang mot phan ning
luong va dong luong, nén dong ning electron B ¢ phd lién tuc tir 0 dén gia tri cuc dai.
Phan ra y thuong theo sau phan rd khac vi hat nhan con sinh ra ¢ trang thai kich thich,
chang han '*"™Ba (chir m 1 trang thai ban bén) sinh ra tir *’Cs.
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In = decay a neutron in the nucleus changes into a proton: n —p + e + ve. In " decay a
proton changes into a neutron: p —n + e* + ve. The neutrino ve and antineutrino ve are neutral,
almost massless and interact weakly, they carry part of the energy and momentum, so the kinetic
energy of the B particle has a continuous spectrum from 0 to a maximum. y decay usually follows
another decay because the daughter nucleus is formed in an excited state, for example *""Ba
(the letter m marks a metastable state) formed from 137Cs.

Vé kha nang xuyén: hat a bi mot to giéy chan lai, hat B di dugc vai mm trong nhém, con
photon y xuyén sau hon nhiéu va giam theo ham mii qua chi hay bé tong. Hat a nguy
hiém nhat khi chat phat o vao bén trong co thé.

In penetration, an a particle is stopped by a sheet of paper, a f particle travels a few mm in

aluminium, and y photons go much deeper and fall off exponentially through lead or concrete.
An o emitter is most dangerous when it gets inside the body.

PINH LUAT 1.13 (Pinh luit bio toan trong bién ddi hat nhan) / LAW 1.13
(Conservation laws in nuclear change) — Trong moi bién ddi hat nhén, téng s6 khoi, téng
dién tich, tong ning luong toan phan (ké ca nang luong nghi), tong dong lugng va sb lepton
dugc bao toan. SO lepton ctia e va ve bang +1, ciia e” va Ve bang —1. Khéi lugng nghi tong
cong khong bao toan.

In every nuclear change the total mass number, total charge, total energy (including rest energy),
total momentum and lepton number are conserved. The lepton number of e~ and v. is +1 and that of e*
and v, is —1. The total rest mass is not conserved.

Vi dy: trong 957Co — ©6Ni + %_je + Vi, tong s6 khdi ¢ hai vé déu 60, tong dién tich déu
27 (28 — 1+ 0). Lepton: 0 & vé trai, +1 — 1 =0 & vé phai.

Example: in °,;Co — %Ni + e + vi the mass numbers on both sides total 60 and the
charges total 27 (28 — 1 + 0). Lepton number: 0 on the left, +1 — 1 = 0 on the right.

HE QUA 1.14/ COROLLARY 1.14 — Néu nuclide 'z, X bién thanh A2,Y sau x phén i a, y-
phan rd B~ va y+ phéan ri p* (hodc bt electron) thi Aj — Ay =4x va Zi — Zo =2x — y- + y+. Tir
hai du mut chi xac dinh duge x va hiéu VY-~ V.

If the nuclide *'7,X becomes *'2.Y after x a decays, y- - decays and y+ f* decays (or electron
captures), then A; — A> = 4x and Z;, — Z> = 2x — y- + y+. From the two end points only x and the
difference y- — y+ can be found.

A1—Ar=4x, 71— 712 =2x—y-+y+ (1.8)

PHAN TiCH / ANALYSIS — Chi phan rd o doi s6 khdi, mdi 1an giam 4, nén tim x trudc tir
hiéu s6 khéi. Rdi dung dién tich dé tim hiéu y- — y+. Dé cho thém thong tin (chi c6 B, hodc
thtr tu phan rd) mai tach dugc tung y.

Only o decay changes the mass number, by 4 each time, so find x first from the mass number
difference. Then use the charge to find y- — y+. The individual y values follow only if the problem adds
information (only [~ occurs, or the order of decays).

VI DU 1.5 (Pém phan ri bing bao toan) / EXAMPLE 1.5 (Counting decays by
conservation) — Nuclide 2!9sPu bién thanh 29 Th qua x phén 14 o, y- phan rd f~ va y+ phan
rd B*. (a) Tim x va y- — y+. (b) Chudi that chi c6 a va B, theo tht ty B, a, o, P, a. Viét nim
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phuong trinh, ghi hat nhan trung gian (ding bang tudn hoan dé dat tén theo Z).

The nuclide **! 9,Pu becomes **’oyTh through x o decays, y- ~ decays and y+ B* decays. (a) Find x and
y- — v+ (b) The real chain has only a.and [, in the order 5, a, a, -, o. Write the five equations and
name the intermediate nuclides (use the periodic table to name them from Z).

Loi giai. / Solution.

1. S6 khoi: 241 —229 =12 =4x nén x = 3.
Mass number: 241 — 229 = 12 = 4x, sox = 3.

2.Pbiéntich: 94 -90=4=2 -3 —y-+y+, suy ray- — y+ = 2. Nghiém khong am nho
nhat 12 y- =2, y+ = 0; cac nghiém (3, 1), (4, 2)... ciing thoa nén can dit kién thém.
Charge: 94 — 90 =4 =2 x 3 —y- + y+, so y- — y+ = 2. The smallest non-negative solution
isy-=2,y+ =20, (3, 1), (4, 2) and so on also fit, so extra information is needed.

3. Vi chudi that (3 phanra o, 2 phanra ), Z 1an luot 94, 95 (Am), 93 (Np), 91 (Pa),
92 (U), 90 (Th) va A lan luot 241, 241, 237, 233, 233, 229.
For the real chain (three o decays, two i~ decays), Z runs 94, 95 (Am), 93 (Np), 91 (Pa), 92
(U), 90 (Th) and A runs 241, 241, 237, 233, 233, 229.

2419,Pu — 2419sAm + 0_1e + Ve
24195Am —> 23793Np + 4, He
23793Np — 23391Pa + 4,He
23391Pa — 23392U + 0_1e + Ve
2339,J — 22990 Th + 4,He

Vay x =3, y- — y+ = 2; chudi that c6 3 phan rd o va 2 phan 1a B~
Hence x = 3 and y- — y+ = 2; the real chain has 3 o decays and 2 ~ decays. W

96 A
WA

°
\ 241py
(]

Nel
W
1

Ne)
=
1

37N
° p

Nel Nel
[ 3] (98)
1 1

Ned
—_
1

Z (sé proton / proton number)

233U
[ ]
\ +3Pa
[ J
29Th

O
(=]
L

o

_ﬂ*

e}
Nl
1

138 140 142 144 146 148
N (s6 neutron / neutron number)
Hinh 1.2. Chudi tir plutonium-241 dén thorium-229 trén mat phang (N, Z): phéan ri a dich (-2,
—2), phan rd B~ dich (—1, +1) (vi du 1.5).
Figure 1.2. The chain from plutonium-241 to thorium-229 on the (N, Z) plane: an o. decay moves (=2,
—=2), a f decay moves (—1, +1) (Example 1.5).
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TINH CHAT 1.15 (Niing lwgng cac kiéu phan ri) / PROPERTY 1.15 (Energy of the
decay modes) — Vi M 1a khdi lwong nguyén tir trung hoa cia hat nhan me (P) va hat nhan
con (D), nang luong giai phong: Qq = [M(P) — M(D) — M(*He)]c?, Qp- = [M(P) — M(D)]c?,
Qec = [M(P) — M(D)]c?, Qg+ = [M(P) — M(D) — 2m¢]c?. Phan ra chi xdy ra tu phat khi Q > 0.
Véi mec? = 0,511 MeV, 2mec? = 1,022 MeV.

With M the neutral atomic mass of the parent (P) and daughter (D), the energy released is: Q, =
[M(P) = M(D) = M(*He)]’, Qp- = [M(P) = M(D)]¢’, Qrc = [M(P) — M(D)]¢’, Qp+ = [M(P) — M(D)
— 2m,]c’. Decay occurs spontaneously only if Q > 0. With m.c’ = 0.511 MeV, 2m.c’ = 1.022 MeV.

Chirng minh. / Proof.

Viét khéi luong hat nhan qua khdi lugng nguyén tir: mp, = M — Z-me (b6 qua ning luong
lién két electron). V&i B*, hat nhan me c6 dién tich Z con hat nhan con Z — 1 va hat thoat
ra 1a positron khéi luong me:

Write nuclear masses through atomic masses: Mupe = M — Z-me (neglecting electron binding

energy). For f* the parent nucleus has charge Z, the daughter Z — 1, and the emitted particle is
a positron of mass me:

Qp+/c2=[M(P) — Z:m¢] — [M(D) — (Z — 1)-me] — me = M(P) — M(D) — 2me

Véi B hat nhan con ¢6 Z + 1 nén electron cia nguyén tir con bu ding electron phat ra, va
cac me triét tiéu. Bét electron: hat nhdn me nhan thém mét electron, cac me cling tri¢t tiéu.
Vi a, hai electron cuia nguyén tir “He bu hai electron ma nguyén tir con du ra.

For B~ the daughter has Z + 1, so the electron of the daughter atom compensates the electron
emitted and the m. terms cancel. In electron capture the parent nucleus takes up an electron and
the m. terms cancel as well. For a, the two electrons of the ?He atom account for the two extra
electrons of the daughter atom. W

PHAN TICH / ANALYSIS — Cung bang khdi lugng nguyén tir nhung p* bi trir thém 2mec?
= 1,022 MeV con bét electron thi khong. Vi thé ¢o hat nhan chi bét electron duoc. Tinh hiéu
M(P) — M(D) trudc, ddi ra MeV rdi so véi 1,022 MeV.

From the same atomic mass table, " loses an extra 2m.c’ = 1.022 MeV while electron capture does
not. Some nuclei can therefore only capture an electron. Compute M(P) — M(D) first, convert to MeV,
then compare with 1.022 MeV.

Vi DU 1.6 (Hai diéu kién ning lwong) / EXAMPLE 1.6 (Two energy conditions) — Cho
M(1'C)=11,011433 u, M("'B) = 11,009305 u, mec® = 0,511 MeV va 1 u=931,5 MeV/c?. (a)
Viét phuong trinh phan rd B* va bit electron ctia ''C thanh ''B. (b) Tinh Q cua ting kiéu. (c)
Cho biét dong ning cuc dai cua positron (b6 qua dong ning gidt cta hat nhan con).

Given M("'C) = 11.011433 u, M("'B) = 11.009305 u, mec> = 0.511 MeV and 1 u = 931.5 MeV/c’. (a)
Write the B decay and electron capture of "' C into "'B. (b) Find Q for each mode. (c) State the
maximum kinetic energy of the positron (neglect the recoil energy of the daughter nucleus).

Loi giai. / Solution.
HeC — 5B + % 1e + ve

11gC + 9_1e — 115B + ve
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1. M(P) —M(D)=11,011433 — 11,009305 = 0,002128 u, tirc 0,002128 - 931,5 = 1,982
MeV.
M(P) — M(D) = 11.011433 — 11.009305 = 0.002128 u, i.e. 0.002128 x 931.5 = 1.982 MeV.
2. Bit electron: Qec=1,982 MeV. Phanra B™: Qp+=1,982 -2 - 0,511 = 0,960 MeV. Ca
hai duong, nén ca hai kiéu déu xay ra duoc.
Electron capture: Qec = 1.982 MeV. p* decay: Qp+ = 1.982 — 2 x 0.511 = 0.960 MeV. Both
are positive, so both modes can occur.

3. Positron nhan dong nang 16n nhat khi neutrino mang ning lugng gan 0: Timax = Qp+ =
0,960 MeV.

The positron gets the most kinetic energy when the neutrino carries almost none: Tnax = Qp+
=0.960 MeV.

Vay Qrc = 1,98 MeV, Qp+ = 0,960 MeV va dong nang cuc dai cua positron = 0,960 MeV.
Hence Qrc = 1.98 MeV, Qp+ = 0.960 MeV and the maximum positron kinetic energy is = 0.960
MeV. m

LOI HAY GAP / COMMON MISTAKE — Quén trir 2mec? khi tinh Q ctia phan ri B*, hoic
trir nham vao bit electron va p~. Dau cta Q quyét dinh kiéu phan ra c6 xay ra hay khong.
Forgetting to subtract 2m.c’ in Q for B decay, or subtracting it wrongly for electron capture and 5.
The sign of QO decides whether the mode can occur.

NHAN XET / REMARK — Phan neutrino va neutrino khong thé bo khoi phuong trinh: thiéu
chung thi s6 lepton khong bao toan. Khi dém s6 khdi va dién tich c6 thé bo qua chung vi
chung mang A=0vaZ=0.

The antineutrino and neutrino cannot be dropped from an equation: without them lepton number is

not conserved. When counting mass number and charge they can be ignored, since they have A = 0
and Z = 0.

1.5. Dinh luat phan ra phong xa — The law of radioactive decay

DINH LUAT 1.16 (Dinh luit phan ra phong xa) / LAW 1.16 (Law of radioactive decay)
— MOi hat nhan cia mot nuclide phong xa ¢ ciing x4c sudt phan ri trong mot don vi thoi
gian, ky hiéu A (hang s6 phan rd), khong phu thudc tudi ctia hat nhan va diéu kién bén ngoai.
H¢ qua la s6 hat nhan chua phan ra giam theo ham mii: N = No-e ™. Pham vi: mau c6 s6 hat
nhan 16n (v6i vai hat nhéan thi dao dong théng ké 16n).

Every nucleus of a radioactive nuclide has the same probability of decaying per unit time, written A
(the decay constant), independent of the age of the nucleus and of external conditions. The
consequence is that the number of undecayed nuclei falls exponentially: N = Ny-e *. Scope: samples
with a large number of nuclei (with only a few nuclei the statistical fluctuation is large).

Hang s6 A co6 don vi nghich ddo thoi gian (s™', ngay™"). Dang ham mil dugc phat biéu
khong chimg minh; né 1a nghiém ciia diéu kién sb hat nhan mét di trong khoang thoi gian
ngan ti 18 voi N,

The constant ). has units of inverse time (s !, day™!). The exponential form is stated without

proof; it is the solution of the condition that the number of nuclei lost in a short interval is
proportional to N.
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HE QUA 1.17 / COROLLARY 1.17 — Chu ky ban huy T 13 thoi gian dé sé hat nhan giam
mot nira. Khi d6 A = In 2/T va N = No-27VT. Thoi gian séng trung binh [a t=1/A=T/In 2 =
1,443-T.

The half-life T is the time for the number of nuclei to halve. Then ). = In 2/T and N = No-2™"". The
mean lifetime is t = 1/2. = T/In 2 = 1.443-T.

Chirng minh. / Proof.
Tait=T c6 N=No/2, nén e =1/2, suy ra AT = In 2. Viét laj e M = e ("D VT = VT,
Att =T, N = No/2, so e *T = 1/2, hence AT = In 2. Rewriting e " = ¢ (" JVT = 21T

N = No-e®=Ng-2-YT, A=In2/T (1.9)
|

PINH NGHIA 1.18 (P9 phong xa) / DEFINITION 1.18 (Activity) — D6 phong xa R ciia
mot mau 1a sé phan rd trong mot gidy: R = AN. Pon vi SI 1a becquerel (Bq, 1 Bq = 1 phan
rd/s); don vi cii 1a curie, 1 Ci=3,7-10'° Bq. ViR ti I¢ v6i Nnén R = Ry-27VT.

The activity R of a sample is the number of decays per second: R = AN. The SI unit is the becquerel

(Bq, 1 Bq = 1 decay/s); the old unit is the curie, 1 Ci = 3.7-10'"" Bq. Since R is proportional to N, R =
R().Z*I/T.

R=AN=(In2/T)-N, R=Rp2tT (1.10)

Hinh 1.3. S6 hat nhan con lai theo t/T: mdi chu ky ban hity giam mét nira. Khung nho: cling
duong cong trén thang logarit 1a duong thang.
Figure 1.3. Nuclei remaining against t/T: halving every half-life. Inset: the same curve on a logarithmic
scale is a straight line.

NHAN XET / REMARK - Sau 10 chu ky con 2719~ 0,098 % s6 hat nhén; sau 20 chu ky con
¢ 1076, Theo cong thirc N khong bao gid bang 0, nhung mot mau hiru han c¢6 diém cudi: véi
No = 10?° hat nhan thi sau ¢& 66 chu ky (log210?° = 66,4) ky vong con khoang mot hat nhan.
After 10 half-lives 27" = 0.098 % of the nuclei remain, after 20, about 10°°. By the formula N never

reaches 0, but a finite sample has an end point: with Ny = 10°° nuclei, after about 66 half-lives
(log>107° = 66.4) one nucleus is expected to remain.
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PHAI THUQC / MEMORISE — N = Ny-27T; A = In 2/T; R = AN; d6i T sang gidy khi can R
theo Bq; 1= T/In 2.
N =Ny2"T: ) =1In2/T: R = AN; convert T to seconds when R is needed in Bq; ©=T/n 2.

VI DU 1.7 (P9 phéng xa va s6 hat nhan) / EXAMPLE 1.7 (Activity and number of
nuclei) — Mot liéu diéu tri *'T c6 d6 phong xa 3,70-108 Bq (10,0 mCi) lic chudn bi. T = 8,02
ngay; M(**'I) = 131 g/mol. (a) Tinh A theo s™!. (b) Tinh s6 nguyén tir va khéi luong 3' trong
lidu. (c) Tinh d6 phong xa sau 16,0 ngay. (d) Sau bao lau d6 phong xa con mot phan nghin gia
tri ban dau?

A therapeutic dose of *'I has an activity of 3.70-10° Bq (10.0 mCi) when prepared. T = 8.02 days;
M) = 131 g/mol. (a) Find . in s™'. (b) Find the number of atoms and the mass of "*'I in the dose.
(c) Find the activity after 16.0 days. (d) After what time is the activity one thousandth of its initial
value?

Loi giai. / Solution.
1.T=28,02 - 86.400 s = 6,929-10° s nén A = 0,6931/6,929-10° = 1,000-10 ¢ s ".
T=28.02x86400s =6.929-10° s, so A = 0.6931/6.929-10° = 1.000-10" % s~ .
2. N =R/A=3,70-10%1,000-107° = 3,70-10'* nguyén tir. Khéi luong =
3,70-10'%/6,022-10% - 131 =8,05-10% g, c& 80 ng.
N =R/ =3.70-1031.000-10"° = 3.70-10'* atoms. Mass = 3.70-10"/6.022-10% x 131 =
8.05-10°% g, about 80 ng.
3. 16,0 ngay = 1,995 chu ky. R =3,70-10% - 27195 = 9,28-107 Bq.
16.0 days = 1.995 half-lives. R = 3.70-10% x 27199~ 9.28-10" Bq.
4.2"T=10"nént=T - 1log21000 = 8,02 - 9,966 = 79,9 ngay.
27T =103 50t =T x log21000 = 8.02 x 9.966 = 79.9 days.
Vay A= 1,00-107° s7'; lidu chira ~ 3,70-10' nguyén tir, = 8,05-107 g; sau 16,0 ngay R =
9,28-107 Bq; sau = 79,9 ngay R con mdt phan nghin.
Hence /. = 1.00-107% s, the dose holds = 3.70-10' atoms, = 8.05-107% g, after 16.0 days R =
9.28:107 Bq; after = 79.9 days R is one thousandth. W

TINH CHAT 1.19 (Phén ra néi tiép) / PROPERTY 1.19 (Sequential decay) — Hat nhan
me P (hing s6 A1) phan ra thanh hat nhan con D (hing sb A2), D phén ri tiép; lic dau chi co
No hat nhan P. Khi d6 Np = No-Ai/(A2 — Mi)-(e ™ — e7™Y). Np dat cuc dai tai tmax = In(Aa/A1)/(A2
— ), va & thoi diém d6 Rp = Rp.

A parent P (constant 4;) decays to a daughter D (constant A;), which decays further; at first there are
only Ny nuclei of P. Then Np = Ny-Ai/(h> — A1)-(e ™" — e *'). Np has a maximum at tma: = In(As/21)/(%2 —
A1), and at that moment Rp = Rp.

Np = No:A1 / (A2 — A1) (et — e722t), tmax = In(A2/A1) / (A2 — A1) (1.11)
Cong thirc (1.11) 1a nghiém cta hé hai phuong trinh phan ra ndi tiép; & day phat bicu
khong chiing minh. Diéu kién Rp = Rp tai cuc dai c6 thé suy ngay: Np cuc dai nghia la D
sinh ra bang D mat di, tirc A Np = A2Nbp.
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Formula (1.11) solves the pair of sequential decay equations, it is stated here without proof. The
condition Rp = Rp at the maximum follows at once: Np is at a maximum when D forms as fast as
it decays, that is AiNp = 2Np.

PHAN TICH / ANALYSIS — D6 thi In R theo t ciia mot chat 1a duong thang. Hon hop hai
chat cho tong hai ham mii: & thoi gian dai chét ¢6 chu ky ngan da tét, chi con chét chu ky dai
nén DUOI d6 thi 1a duong thang. Lam theo thir ty: tach dudi dé tim T» va Ry(0); i vé t =0
dé suy R1(0); trir phan da biét & thoi diém som dé tim T).

The graph of In R against t for one species is a straight line. A mixture of two gives a sum of two
exponentials: at long times the short-lived species has died out and only the long-lived one is left, so
the TAIL of the graph is a straight line. Work in this order: use the tail to find T> and R»(0), go back to
t = 0 to get Ri(0), subtract the known part at an early time to find T.

Vi DU 1.8 (Tach hai thanh ph?m phan rd) / EXAMPLE 1.8 (Separating two decay
components) — Mot mau chtra hai chét phong xa doc 1ap, khong phan ra thanh nhau, hoat do
téng do dugc 1000 Bq lic t =0, 433 Bqluct=6h, 50,1 Bq luc t =36 h va 25,0 Bq lic t =48
h. (a) Tim chu ky ban hity T; < T» va hoat d6 ban d4u ctia hai chat. (b) Tai thoi diém nao hoat
d6 cua hai chat bang nhau?

A sample contains two independent radioactive species that do not decay into each other. The total
activity measured is 1000 Bq att = 0, 433 Bgatt =6 h, 50.1 Bq att = 36 h and 25.0 Bq at t = 48 h.
(a) Find the half-lives T; < T> and the initial activities of the two species. (b) At what time are the
activities of the two species equal?

Loi giai. / Solution.
1. O t=36 h va 48 h chi con chit 2. Hoat do giam tur 50,1 xuéng 25,0 trong 12 h, tuc
gan dang mot nira, nén T2 =~ 12 h.
At t = 36 h and 48 h only species 2 remains. The activity falls 50.1 to 25.0 in 12 h, almost
exactly half, so T>= 12 h.

2. Lui vé t = 0: Ry(0) = 50,1 - 23612=50,1 - 8 ~4,0-10% Bq, nén Ry(0) = 1000 — 400 ~
6,0-102 Bq. Kiém tra: & 36 h phan chét 1 chi con khoang 600/2'2~ 0,15 Bq, bo qua
duoc.

Going back to t = 0: Ry(0) = 50.1 x 23912 = 50.1 x 8§ = 4.0-10° Bg, so R;(0) = 1000 — 400 =
6.0-10° Bq. Check: at 36 h species 1 contributes only about 600/2'? = (.15 Bq, which can be
neglected.

3. Tait=6h: Ro =400 - 27512 =283 Bq, nén Ri(6) = 433 — 283 = 150 Bq. Ti sb
150/600 = 1/4=2"%" suyra 6/T1=2vaTi=3,0 h.
Att=6h: Ry =400 x 2°%12 = 283 By, so Ri(6) = 433 — 283 = 150 Bg. The ratio 150/600 =
1/4 = 279", giving 6/T; = 2 and T; = 3.0 h.
4. Hoat d6 bang nhau: 600 - 273 =400 - 272 nén 27 =2/3,t=4 - log21,5~2,3 h.
Equal activities: 600 x 273 = 400 x 27712, 50 27" = 2/3 and t = 4 % log>1.5= 2.3 h.
Vay T1 = 3,0 h, T2 = 12 h, Ri(0) = 6,0-102 Bq, R2(0) = 4,0-10? Bq; hoat do hai chét bang
nhau lac t= 2,3 h.
Hence T; = 3.0 h, T>= 12 h, Ri(0) = 6.0-10° Bg, R2(0) = 4.0-10° Bq; the two activities are equal
att=23h N

Tai li€u nay dugc bién soan boi doi ngii cuia website: https://globalmarket.vin
Trang 21



Hoéa hoc 10 cho Ga choi / Olympiad Chemistry for Grade 10

téng / total
107 7 ——= chét 1 /species 1

——— chét2/species 2

0 10 20 30 40 50 60
t(h)
Hinh 1.4. Hoat d¢ tong ctia hai chit phong xa trén thang logarit (vi du 1.8): dudi 1a dudng thing
cua chit chu ky dai; chdm den 14 s liéu do.
Figure 1.4. Total activity of two radioactive species on a logarithmic scale (Example 1.8): the tail is the
straight line of the long-lived species; black dots are the measurements.

LOI HAY GAP / COMMON MISTAKE - Tinh R theo Bq v6i T dé nguyén ngay hoic
nam: A phai theo s~!. Mot 151 nita 14 viét N = No-¢ VT, 1an chu ky ban hity T v6i thoi gian song
trung binh .

Calculating R in Bq with T left in days or years: ). must be in s~'. Another error is writing N = Ny-e ",
mixing up the half-life T with the mean lifetime t.

1.6. Phan &rng hat nhin va nang lwgng phan wng — Nuclear reactions and reaction

energy

Phan (mg hat nhan nhan tao 13 phan g trong d6 hat nhan bia bi ban bang hat (a, proton,
neutron, hat nhan nhe) dé tao hat nhan mai. Ky hiéu rut gon X(a, b)Y nghia la bia X, hat
tGi a, hat bay ra b, san phdm Y. Cac phuong trinh sau déu bao toan sé khdi va dién tich.
An artificial nuclear reaction bombards a target nucleus with a particle (o, proton, neutron,
light nucleus) to form a new nucleus. The short notation X(a, b)Y means target X, incoming
particle a, outgoing particle b, product Y. The following equations all conserve mass number
and charge.

147N + ©2He — 1780 + 11H, 2713Al + *2He — 3015P + 1on
3015P — 3014Si + 041e + ve, 5927C0 + lon — 6927Co

Hai phuong trinh cudi cho thiy hat nhan tao ra c6 thé phong xa: 3°P phan ra p*, con °Co
(chu ky 5,27 ndm) phan 1 B~ roi phat hai tia y ¢ 1,2 va 1,3 MeV dung trong xa tri. Ban
neutron vao bia dé tao ddng vi phong xa 1a cach diéu ché phan 16n ddng vi y hoc.

The last two equations show that the product can itself be radioactive: 3°P decays by B*, and

Co (half-life 5.27 years) decays by B~ and then emits two y rays of about 1.2 and 1.3 MeV used
in radiotherapy. Irradiating a target with neutrons is how most medical radioisotopes are made.
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DINH NGHIA 1.20 (Niing hrgng phan tng) / DEFINITION 1.20 (Reaction energy) —
Nang luong cta phan tmg hat nhan A + B — C + D 1a Q = (ma + mg — m¢ — mp)c?. Q > 0:
phan tng téa ning luong; Q < 0: phan tng thu ning luong. Q ciing bang dé ting tong dong
nang: Q = XT(sau) — XT(trudc). Khi sb proton hai vé bang nhau va khong c6 positron hay
electron riéng, dung khdi lugng nguyén tir (véi proton viét thanh 'H).

The energy of the nuclear reaction A + B — C + D is Q = (ma + mg — mc — mp)c’. Q > 0: the
reaction releases energy; Q < 0. it absorbs energy. Q also equals the gain in total kinetic energy: Q =
2T(after) — XT(before). When the number of protons is the same on both sides and no positron or free
electron appears, use atomic masses (writing a proton as IH).

Q = (Z M(trwéce) — X M(sau))-c?, X T(sau) — X T(trwée) =Q (1.12)

Phan hach hat nhan nang va nhiét hach hat nhan nhe 1a hai phan tng téa nang luong theo
hé qua 1.11:

Fission of a heavy nucleus and fusion of light nuclei are the two reactions that release energy, as
Corollary 1.11 shows:

2359,U + 1gn — 14054Xe + 9438Sr + 2 1on, 21H + 31H — 42He + 1on

M&i phan hach sinh trung binh khoang hai dén ba neutron, c6 thé gay phan hach tiép: d6
1a phan tng day chuyén. Nhiét hach can hai hat nhan mang dién duong tién sat nhau,
vuot lyc ¢y Coulomb, nén can nhiét d6 c¢& 10 K.

Each fission releases on average two to three neutrons, which can cause further fissions: this is

the chain reaction. Fusion needs two positively charged nuclei to approach closely against the
Coulomb repulsion, which needs temperatures of about 10° K.

PHAN TICH / ANALYSIS — Hai budc, dung hai dinh luat khac nhau. Nang luong: Q tir
khdi luong. Bong lugng: neutron nhiét c6 dong nang coi béng 0 va hat nhan bia dung yén,
nén hai san pham bay nguoc chiéu véi dong luong bang nhau vé d6 16n; ma T = p2/2m nén
hat nhe hon nhan phan 16n hon ciia Q. Khéi lugng nguyén tir thay cho khéi lugng hat nhan
trong budc thir hai chi sai cd 0,01 %.

Two steps, using two different laws. Energy: O from the masses. Momentum: the thermal neutron's
kinetic energy is taken as 0 and the target nucleus is at rest, so the two products fly apart with
momenta equal in magnitude; since T = p*/2m the lighter one gets the larger share of Q. Using atomic
masses in place of nuclear masses in the second step is wrong by only about 0.01 %.

VI DU 1.9 (Ning lrgng va dong lwgng) / EXAMPLE 1.9 (Energy and momentum) —
Neutron nhiét (dong ning coi bang 0) bi '°B hép thu: 1%B + 'on — 3Li + “,He. Cho M(°B) =
10,012937 u, my = 1,008665 u, M("Li) = 7,016003 u, M(*He) = 4,002603 u, 1 u=931,5
MeV/c2. (a) Tinh Q. (b) Tinh dong ning ctia "Li va cua hat a (co hoc ¢6 dién).

A thermal neutron (kinetic energy taken as 0) is absorbed by '’B: "’sB + 'yn — ";Li + *;He. Given
M(B) = 10.012937 u, m, = 1.008665 u, M('Li) = 7.016003 u, M(*He) = 4.002603 u, 1 u = 931.5
MeV/c’. (a) Find Q. (b) Find the kinetic energies of "Li and of the a particle (classical mechanics).

Loi giai. / Solution.
1. S6 proton hai vé bang nhau (5 va 3 + 2) nén ding khéi luong nguyén tir. Tong khoi
lugng trude: 10,012937 + 1,008665 = 11,021602 u; sau: 7,016003 + 4,002603 =
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11,018606 u.

The number of protons is the same on both sides (5 and 3 + 2), so atomic masses may be
used. Mass before: 10.012937 + 1.008665 = 11.021602 u; after: 7.016003 + 4.002603 =
11.018606 u.

2. A=0,002996 unén Q = 0,002996 - 931,5 = 2,79 MeV > 0.
The difference is 0.002996 u, so Q = 0.002996 x 931.5=2.79 MeV > 0.

3. Pong luong ban dau bang 0 nén pri = pa = p. V6i T = p¥(2m): To/Tri = mpi/my, va T,
+ TLi=Q.
The initial momentum is 0, so pri = pa = p. With T = p*/(2m).: To/Tri = mri/ma, and Ty + Tri =
0.
Te=Qmui / (mLi+ my), TLi=Q'ma/ (ML + Mq)

4. Te=2,79 - 7,016/(7,016 +4,003) = 1,78 MeV; Tri = 2,79 - 4,003/11,019 = 1,01 MeV.
T, =279 x7.016/(7.016 + 4.003) = 1.78 MeV; Tri = 2.79 x 4.003/11.019 = 1.0 MeV.

Vay Q = 2,79 MeV; hat 0. mang ~ 1,78 MeV va 'Li mang = 1,01 MeV.
Hence Q = 2.79 MeV; the a particle carries = 1.78 MeV and ’Li carries = 1.01 MeV. ®

NHAN XET / REMARK — Phan tmg nay duoc dung trong liéu phap bit neutron cia boron:
hop chat chira 1°B tap trung ¢ khéi u, neutron nhiét chiéu vao gy phan tmg, va hai san phdm
nang chi di dugc c& dudong kinh mot té bao nén ning luong toéa ngay tai chd.

This reaction is used in boron neutron capture therapy: a '’B compound concentrates in the tumour,
thermal neutrons are directed at it, and the two heavy products travel only about one cell diameter, so

the energy is deposited on the spot.

LOI HAY GAP / COMMON MISTAKE — Lin d4u ciia Q: Q 1a khéi lwong trudce trir khéi
lwong sau. Phan tmg thu ning lugng (Q < 0) can hat téi c6 dong ning 16n hon |Q|, vi mot
phan dong ning phai & lai thanh dong ning ctia san pham.

Confusing the sign of Q: Q is mass before minus mass after. An endothermic reaction (Q < 0) needs
an incoming particle with kinetic energy greater than |Q|, because part of that energy must remain as
kinetic energy of the products.

1.7. Pinh tudi bing dong vi va ing dung y hoc — Isotopic dating and medical

applications

Nguyén tic dinh tudi: mot hé dong, tai thoi diém t = 0 bat dau gilr nguyén cac hat nhan,
thi ti 1¢ hat nhan phong xa con lai hodc ti 1& hat nhan con tich lily cho biét thoi gian da
tréi qua. Vi '4C, sinh vat sdng trao d6i véi khi quyén nén giir ti 1¢ '4C/'2C cuia khi quyén;
sau khi chét '*C chi giam theo dinh luat 1.16, nén t = (T/In 2)-In(No/N). Véi khoang vat,
ta do ca hat nhan me va hat nhan con.

The principle of dating: in a closed system that begins to retain its nuclei at t = 0, the fraction of
radioactive nuclei left, or of daughter nuclei accumulated, gives the elapsed time. For ''C, a
living organism exchanges with the atmosphere and keeps its 1*C/"*C ratio,; after death '*C only
decreases according to Law 1.16, so t = (T/In 2)-In(No/N). For minerals, both the parent and the
daughter nuclei are measured.
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H¢ Chu ky ban hay Vit liéu phu hop
System Half-life Suitable material

3. vat li¢u hitu co dén cd vai chuc nghin nam
5,7-10° nam

e 5 organic matter up to some tens of thousands of
5.7-10° years
vears
0Ky 40A L 1,25-10° nam khoang vat chtra K, da nii lira
1.25-10° years K-bearing minerals, volcanic rock
YRb —> ¥y 4,97-10'° nam d4 c6, can hiéu chinh ¥’Sr ban dau
4.97-10" years old rocks, with a correction for initial *’Sr

PINH LY 1.21 (Céng thirc tudi me — con) / THEOREM 1.21 (Parent — daughter age
formula) — Mot khodng vat dong kin, lic hinh thanh khong chira hat nhan con D. MOi hat
nhan me phan r sinh ra D véi xac suat b (hé s6 nhanh; b = 1 néu chi c6 mot kiéu phén r3).
Néu hién c6 P hat nhan me va D hat nhan con thi tudi t = (1/A)-In[1 + D/(b-P)].

A closed mineral contains no daughter nuclei D when it forms. Each decaying parent nucleus gives D
with probability b (the branching fraction; b = 1 if there is only one mode). If P parent nuclei and D
daughter nuclei are present now, the age is t = (1/4)-Inf1 + D/(b-P)].

Chirng minh. / Proof.
S6 hat nhan me da phan rd 1a Po — P = P-(e™ — 1), vi P = Po-e ™. M6t phan b trong sd d6
thanh D:

The number of parent nuclei that have decayed is Py — P = P-(e" — 1), since P = Pye ™. A
fraction b of them became D:

D=b-P-(ef—1) = t=(1/A)-In[l+ D/(b-P)] (1.13)

NHAN XET / REMARK - Ba diéu kién can dang: hé dong (khong mét hay nhan P, D), luc
dau khong c6 D hoic biét luong D ban dau dé trir, va chu ky ban hay hop véi tudi can do,
khoang tir mot phan mudi dén vai chuc chu ky. Ngoai khoang d6 ti 1& do dwoc qua gan 0 hodc
qua gan gii han nén sai sb trong ddi 16n.

Three conditions must hold: the system is closed (no gain or loss of P or D), there is no D at the start
or the initial D is known and subtracted, and the half-life suits the age being measured, from about a
tenth of a half-life to a few tens. Outside that range the measured ratio is too close to 0 or too close to
its limit and the relative error is large.

PHAN TICH / ANALYSIS — Dé cho ti 1& con/me hién tai va hé s6 nhanh, nén dung thing
(1.13). Thir tu: tinh A tr T, tinh D/(b-P), 14y In, chia A. Kiém tra bac d6 16n: ti 1& nhé thi In(1 +
X) ~ X va tudi chi vai phan mudi chu ky.

The problem gives the present daughter to parent ratio and the branching fraction, so use (1.13)
directly. Order: find A from T, compute D/(b-P), take the logarithm, divide by A. Check the order of
magnitude: for a small ratio In(1 + x) = x and the age is only a few tenths of a half-life.
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Vi DU 1.10 (Tudi tir ti 1é con/me) / EXAMPLE 1.10 (Age from the daughter to parent
ratio) — Mot mau khoang vat dong kin chira “°K va “°Ar véi sé nguyén tir ©°Ar/*°K = 0,0150.
40K ¢6 T = 1,25-10° nam; ctr 100 hat nhan “°K phan ré thi 10,5 hat nhan tao “°Ar (bét
electron), phan con lai tao “°Ca. Luc dau khoang vat khong chira “°Ar. Tinh tudi cia khoang
vat, va tudi s& sai bao nhiéu 1an néu coi moi hat nhan *°K phan ra thanh “°Ar.

A closed mineral sample contains *’K and *’Ar with the atom ratio *’Ar/’K = 0.0150. “’K has T =
1.25-10° years; of every 100 ’K nuclei that decay, 10.5 form *’Ar (electron capture) and the rest form
“Ca. The mineral held no *’Ar at the start. Find the age of the mineral, and by what factor the age
would be wrong if every “’K nucleus were assumed to decay to *’Ar.

Loi giai. / Solution.

1.A=1n2/T =0,6931/(1,25-10°) = 5,545-107'° nam™". Hé s6 nhanh b = 0,105.
A=1In2/T=0.6931/(1.25-10°) = 5.545-1071° year~!. The branching fraction is b = 0.105.

2. D/(b-P) =0,0150/0,105 = 0,1429, nén e = 1,1429 va At = In 1,1429 = 0,1335.
D/(bP) = 0.0150/0.105 = 0.1429, so &" = 1.1429 and Jt = In 1.1429 = 0.1335.

3.t=0,1335/(5,545-10"1%) = 2,41-10% nam.
t=0.1335/(5.545-1071°) = 2.41-10° years.

4.Néucoib=1: At=1n1,0150 =0,01489 va t = 2,68-107 nim, nh6 hon dung gia tri
khoang 9 1an (2,41-10%/2,68-107 = 9,0).
Ifb = 1is assumed: 2t = In 1.0150 = 0.01489 and t = 2.68-10 years, smaller than the
correct value by about a factor of 9 (2.41-10%/2.68-107 = 9.0).

Vay tudi khoang vat =~ 2,41-10% nim; bé qua hé s6 nhanh lam tudi thap hon khoang 9 1an.
Hence the age of the mineral is = 2.41-10% years; ignoring the branching fraction makes the age
about 9 times too low. W

LOI HAY GAP / COMMON MISTAKE — Quén hé s6 nhanh b khi chi mét phan hat nhan
me sinh ra hat nhan con dang do, hodc quén rﬁng khi “°Ar thoat ra 1am tudi tinh ra thép hon
tudi that.

Forgetting the branching fraction b when only part of the parent nuclei form the daughter being
measured, or forgetting that escape of "’ Ar gas makes the calculated age lower than the true age.

Pong vi danh diu dung trong y hoc dua trén hai diéu: dong vi phong xa cé tinh chat hoa
hoc nhu ddng vi bén, nén co thé xir Iy chiing nhu nhau; va birc xa cua chung do duogc tir
bén ngoai ngay ca & lugng nho. Vi vay chat chira nguyén t6 phong xa di dung vi tri ma
chat thuong di.

Medical tracers rest on two facts: a radioactive isotope has the same chemistry as a stable
isotope, so the body treats them alike; and its radiation can be measured from outside even at
small amounts. A compound carrying a radioactive atom therefore goes to the same places as
the ordinary compound.

Péng vi chon dung c6 chu ky ban hiy ¢& vai gid dén vai ngay: du dai dé ché tao, van
chuyén va do, du ngin dé hoat do trong co thé giam nhanh. '8F (T = 109,7 phut) 13 chat
phat p* dung trong chup cit 16p positron: positron gip electron va hily thanh hai photon
511 keV bay nguoc chiéu, hai dau do ghi cing lic cho biét duong di cua ching. ' (T =
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8,02 ngay) tap trung & tuyén giap vi tuyén nay hap thy iodine, va ding dé chan doan hay
diéu tri. °Co phat tia y ding trong xa tri.

The isotope chosen has a half-life of a few hours to a few days: long enough to make, transport
and measure, short enough for the activity in the body to fall quickly. "*F (T = 109.7 min) is a B*
emitter used in positron emission tomography: the positron meets an electron and annihilates
into two 511 keV photons flying in opposite directions, and two detectors recording them at the
same moment fix their line of flight. *'I (T = 8.02 days) concentrates in the thyroid, which
absorbs iodine, and is used for diagnosis and treatment. %°Co emits y rays used in radiotherapy.

NHAN XET / REMARK — Khi do thé tich mau bang pha lodng ddng vi, ndng do hoat do
ctia mau phai duoc so vdi hoat do tiém vao sau khi hiéu chinh phan ra: R = Ro-2 7" tai thoi
diém lay mau, néu khong thé tich bi danh gi4 sai.

When blood volume is measured by isotope dilution, the activity concentration of the sample must be
compared with the injected activity after correcting for decay, R = Ry-2™"" at the time of sampling;
otherwise the volume is misjudged.

Bang chién lwge — Strategy table

Diu hi¢u trong dé

Sign in the problem

Cho A va khéi lugng déng vi,

Cong cu nén thir
Tool to try

Hai phuong trinh: X x=1va A, =%

Vi du
Example

hoi do giau M Vidu 1.2

) p ] 1 E le 1.2
szen Ay and isotopic masses, asked Two equations: £ x = 1 and A, = S x-M xample
for abundances
Cho khdi lugng nguyén tir, hoi

a idul.

Eichogc e Am =Z-M('H) + N-my — M Vidy 1.3
Given atomic masses, asked for Ep Example 1.3
ore
So nang lugng phan hach, nhi¢t Q=X A-g(sau) — X A-g(trudc), roi
hach d6i sang J/g Vidu 1.4
Comparing fission and fusion 0 =2 A-g(after) — X A-g(before), then | Example 1.4
energy convert to J/g
Cho dau va cudi chudi, hoi s6 Bio toan sd khoi roi dién tich: 4x va
phan ra 2Xx —y-+y+ Vidu 1.5
Given the start and end of a chain, Conserve mass number, then charge: Example 1.5
asked for the decays 4x and 2x — y- + y+
Hat nhén c6 thé phén ri p* hay So M(P) — M(D) vé&i 2mec? = 1,022
chi bét electron MeV Vidul.6
Can a nucleus decay by " or only Compare M(P) — M(D) with 2m.c’ = Example 1.6
by capture 1.022 MeV
Cho sb hat hay khéi luong, hoi
Bq R =AN véi T doi ra gidy Vidu 1.7
Given the number of atoms or the R = AN with T in seconds Example 1.7

mass, asked for Bq
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Diu hi¢u trong dé

Sign in the problem

Cong cu nén thir

Tool to try

Vi du
Example

Do thi In R khong thang
The In R graph is not straight

Hai hat nhan ding yén tao hai

hat, hdi dong nang

Two nuclei at rest form two
particles, asked for kinetic energies

Téch dudi cua chat chu ky dai, roi

trur

Take the tail of the long-lived species,

then subtract

chia Q

O from the masses, then equal p to

share Q

Cho ti 1¢ con/me trong khodng

vt

t = (1/2)In[1 + D/(bP)]

Given the daughter to parent ratio

in a mineral

Thuéat ngir

Term (Vietnamese)

Tiéng Anh

English

Vidu 1.8
Example 1.8

Q tir khdi luong, rdi p bang nhau dé

Vidu 1.9
Example 1.9

Vidu 1.10
Example 1.10

Giai thich ngin
Short definition

Nucleon

S6 hiéu nguyén tir
86 khéi

Nuclide

Dong vi

Dong khéi

Pon vi khéi luong
nguyén tur

Nguyén tir khdi trung
binh

Phé khéi

D6 hut khdi

Nucleon

Atomic number

Mass number

Nuclide

Isotope

Isobar

Atomic mass unit

Relative atomic mass

Mass spectrum

Mass defect

proton hodc neutron trong hat nhan
a proton or neutron in the nucleus

sO proton Z trong hat nhan
the number Z of protons in the nucleus

tong sd nucleon A=Z + N
the total number of nucleons A =7 + N

loai hat nhan xac dinh béi Z va A
a kind of nucleus fixed by Z and A

nuclide cung Z khac A
nuclides with the same Z and different A

nuclide cung A khac Z
nuclides with the same A and different Z

u, bang 1/12 khéi lugng nguyén tir 1>C
u, one twelfih of the mass of a '>C atom

trung binh khéi lwong dong vi theo sb
nguyén tir
the mean isotopic mass weighted by atoms

s0 ion theo ti s0 khoi lugng trén dién tich
ion count against mass to charge ratio

tong khodi lugng nucleon trir khdi lugng hat
nhan

total nucleon mass minus nuclear mass
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Thuéat ngir Tiéng Anh Giai thich ngin

Term (Vietnamese) English Short definition

nang lugng tach hat nhan thanh nucleon

Ning luong lién két Binding ener
& luong & &y energy to separate a nucleus into nucleons
Ning luong lién két Binding energy per nang luong lién két chia cho A
riéng nucleon binding energy divided by A
hat nhan nang v& thanh cac manh trung
Phan hach Fission binh o )
a heavy nucleus splits into medium-mass
fragments
on . hat nhan nhe hop thanh hat nhan nang hon
Nhiét hach Fusion N . op ; 5
light nuclei join into a heavier one
, o hat nhén ty bién doi va phat birc xa
Phoéng xa Radioactivity i i . P .
spontaneous change of a nucleus with emission
P hat nhan nhan mét electron cia 16p vo
Bat electron Electron capture i o P
the nucleus takes in a shell electron
X4c sudt phan rd ciia mgt hat nhan trong
Héng s6 phan ra Decay constant mot d@ Vi ﬂ,lm glan , .
probability of decay of one nucleus per unit
time
N . thoi gian dé s6 hat nhan giam mot nira
Chu ky ban huy Half-life L8 e j
time for the number of nuclei to halve
A 1 . 6 phan rd mdi gidy, iB
D6 phong xa Activity sO phan rd moi giay .don vi Bq
decays per second, unit Bq
A e z ddng vi phong xa ding dé theo doi mot chat
Dong vi danh dau Tracer & V1 phong x¢ & j

a radioactive isotope used to follow a substance

1.8. Bai tw luyén — Practice problems
Mirc 1 — Hoc sinh gioi cf'lp tinh — Level 1 - Provincial olympiad

Bai 1.1/ Problem 1.1 — Brom ty nhién gdm Br (M = 78,9183 u) va 'Br (M = 80,9163 u);
nguyén tir khéi trung binh 79,904. (a) Tinh phan trim sé nguyén tir ciia mdi dong vi. (b) Pon
chat Br, cho ba pic & s6 khdi 158, 160, 162 trén phd khdi. Coi hai nguyén tir trong phan tir
chon dong vi doc 1ap, tinh ti 16 cuong do ba pic (theo phan trim téng).

Natural bromine consists of Br (M = 78.9183 u) and *'Br (M = 80.9163 w); its relative atomic mass
is 79.904. (a) Find the percentage of atoms of each isotope. (b) Elemental Br; gives three peaks at
mass numbers 158, 160, 162 in the mass spectrum. Taking the two atoms in a molecule to choose
isotopes independently, find the intensity ratio of the three peaks (as percentages of the total).

Bai 1.2 / Problem 1.2 — Cho M(*2C) = 12,000000 u, M(**C) = 13,003355 u, m, = 1,008665 u,
M('H) = 1,007825 u, 1 u=931,5 MeV/c2. (a) Tinh ning luong t6i thiéu dé tich mot neutron
khoi 13C. (b) Tinh € ctia 1*C va so sanh véi két qua (a).
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Given M(*>C) = 12.000000 u, M(°C) = 13.003355 u, m, = 1.008665 u, M('"H) = 1.007825 u, 1 u =
931.5 MeV/c. (a) Find the minimum energy needed to remove one neutron from >C. (b) Find & of >C
and compare with (a).

Bai 1.3 / Problem 1.3 — Chu ky ban huay ciia 3P 1a 14,3 ngay. (a) Tinh phan hat nhan con lai
sau 30,0 ngay. (b) Sau bao 1au d6 phong xa con 5,00 % gia tri ban dau? (c) Tinh do phong xa
ban dau cua 1,00 pg 32P (M = 32 g/mol).

The half-life of **P is 14.3 days. (a) Find the fraction of nuclei left after 30.0 days. (b) After what time
is the activity 5.00 % of its initial value? (c) Find the initial activity of 1.00 ug of *>P (M = 32 g/mol).

Mirc 2 — Hoc sinh gioi quéc gia — Level 2 — National olympiad

Bai 1.4 / Problem 1.4 — Cho M("Be) = 7,016929 u, M("Li) = 7,016003 u, mec?> = 0,511 MeV,
1u=931,5MeV/c2 T('Be) = 53,2 ngay. (a) Viét phuong trinh phan rd B* va bit electron cia
"Be thanh "Li. (b) Tinh Q ciia ting kiéu va cho biét kiéu ndo xay ra dugc. (c) Tinh d6 phong
xa cua 1,00 ug 'Be (M = 7,017 g/mol).

Given M("Be) = 7.016929 u, M("Li) = 7.016003 u, m.c’ = 0.511 MeV, 1 u = 931.5 MeV/c*, T('Be) =
53.2 days. (a) Write the B~ decay and electron capture of 'Be into 'Li. (b) Find Q for each mode and
say which can occur. (c) Find the activity of 1.00 ug of 'Be (M = 7.017 g/mol).

Bai 1.5/ Problem 1.5 — Nhanh ?H + ?H — *He + 'n ¢6 M(*H) = 2,014102 u, M(°*He) =
3,016029 u, m, = 1,008665 u, 1 u=931,5 MeV/c?. (a) Tinh Q. (b) Trong nudc ty nhién ¢t
10.000 nguyén tir hydrogen c6 1,56 nguyén tir deuterium. Gid su toan bd deuterium trong
1,00 kg nudc (M(H20) = 18,0 g/mol) tham gia nhanh trén. Tinh ning lugng téa ra. (c) Khoi
lugng than (29 MJ/kg) c6 nhiét tuong duong.

The branch ’H +°H — 7 He + 'n has MCH) = 2.014102 u, MHe) = 3.016029 u, m, = 1.008665 u, 1
u=931.5 MeV/c’. (a) Find Q. (b) In natural water there are 1.56 deuterium atoms per 10,000
hydrogen atoms. Assume all the deuterium in 1.00 kg of water (M(H>0) = 18.0 g/mol) takes part in
this branch. Find the energy released. (c) Find the mass of coal (29 MJ/kg) with the same heat.

Bai 1.6 / Problem 1.6 — M6t nha may phan hach c6 cong suét nhiét 3,00 GW (3,00-10° W).
M&i phan hach 25U téa 200 MeV, toan b thanh nhiét. (a) Tinh s6 phan hach mdi gidy. (b)
Tinh khéi lugng 235U phan hach mdi ngay (M = 235 g/mol). (¢) Tinh khéi luong than (29
MlJ/kg) cho cung lugng nhi¢t trong mot ngay.

A fission power plant has a thermal power of 3.00 GW (3.00-10° W). Each **U fission releases 200
MeV, all as heat. (a) Find the number of fissions per second. (b) Find the mass of **’U fissioned per
day (M = 235 g/mol). (c) Find the mass of coal (29 MJ/kg) giving the same heat in one day.

Mikc 3 — Olympic qudc té — Level 3 — International olympiad

Bai 1.7 / Problem 1.7 — Co thé mot nguoi nang 70 kg chira 140 g kali. Trong kali tw nhién,
40K chiém 0,0117 % s6 nguyén tir, T = 1,25-10° nam (1 nam = 3,156-107 s), A(K) = 39,1. (a)
Tinh s hat nhan “°K va d6 phong xa do “°K trong co thé. (b) Khi Trai Dt hinh thanh cach
day 4,5-10° nam, “°K chiém bao nhiéu phan trim s nguyén tir kali? Coi sé nguyén tir cac
dong vi kali khac khong doi.

The body of a 70 kg person contains 140 g of potassium. In natural potassium *’K makes up 0.0117 %
of the atoms, T = 1.25-10° years (1 year = 3.156:10" s), A(K) = 39.1. (a) Find the number of *’K
nuclei and the activity due to *’K in the body. (b) When the Earth formed 4.5-10° years ago, what
percentage of the potassium atoms was *’K? Take the numbers of atoms of the other potassium
isotopes as unchanged.
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Bai 1.8 / Problem 1.8 — 2*'Pu (T = 14,3 ndm) phéin ra B~ thanh >*' Am (T = 432,6 nidm), coi la
100 % va bo qua moi san pham sau 24! Am. Lic ddu mau chi c6 24!Pu. (a) Viét phwong trinh
phan rd cua 2*'Pu. (b) Tim thoi diém lugng 2*'Am dat cuc dai. (c) Tim ti sb

N(*' Am)/No(2*'Pu) tai thoi diém d6. (d) Tim ti s6 d6 phong xa cua 24'Am luc d6 véi do
phong xa ban dau ctia 24!Pu.

1 py (T = 14.3 years) decays by f~ into ' Am (T = 432.6 years), taken as 100 %, and all products
after **' Am are ignored. At first the sample holds only **' Pu. (a) Write the decay equation of **' Pu. (b)
Find the time at which the amount of **' Am is greatest. (c) Find the ratio N** Am)/Ny(**' Pu) at that
time. (d) Find the ratio of the activity of **' Am at that time to the initial activity of ** Pu.

Bai 1.9 / Problem 1.9 — Cho khéi lwong nguyén tir (u): %0 15,994915; 328 31,972071; 28Si
27,976927; 3Ni 55,942128; 4°Ca 39,962591; ’Ne 19,992440; 1 u=931,5 MeV/c?. (a) Tinh
Q cua %0 + %0 — 28 va 28Si + 28Si — 35Ni. (b) Chi dung duong cong ¢ (Hinh 1.1), du doan
dau va do 16n cua Q cho *°Ca — 2 2Ne, rdi kiém bang khdi luong (coi ddy 1a phép tinh hinh
thirc vé nang luong). (c) Giai thich cac ddu cua Q & (a) va (b) bang dudng cong &.

Given atomic masses (u): '°0 15.994915; %S 31.972071; *3Si 27.976927; F°Ni 55.942128; *’Ca
39.962591; *’Ne 19.992440; 1 u = 931.5 MeV/c’. (a) Find Q for 0 + '°O — %S and *5Si + 5Si —
INi. (b) Using only the ¢ curve (Figure 1.1), predict the sign and size of Q for **Ca — 2 *’Ne, then
check with the masses (treat this as a formal energy calculation). (c) Explain the signs of Q in (a) and
(b) with the & curve.

1.9. Loi gidi bai tw luyén — Solutions to practice problems

Bai 1.1 — Problem 1.1

1. Goix la phﬁn s6 nguyén tir Br: x = (80,9163 — 79,904)/(80,9163 — 78,9183) =
1,0123/1,9980 = 0,5067. Vay ’Br chiém 50,67 % va %' Br chiém 49,33 %.
Let x be the number fraction of ”Br: x = (80.9163 — 79.904)/(80.9163 — 78.9183) =
1.0123/1.9980 = 0.5067. So °Br is 50.67 % and ' Br is 49.33 %.

2. Theo (1.3) v6i p = 0,5067, q = 0,4933: pic 158 (hai "Br): p*> = 0,2567; pic 160 (mot

Br, mot ¥'Br): 2pq = 0,4999; pic 162 (hai 3'Br): ¢> = 0,2434.
By (1.3) with p = 0.5067, q = 0.4933: peak 158 (two "’Br): p> = 0.2567, peak 160 (one "°Br,
one 8'Br): 2pq = 0.4999; peak 162 (two %'Br).: ¢° = 0.2434.

Vay 7Br 50,67 %, 3'Br 49,33 %; cuong do ba pic 158 : 160 : 162 = 25,7 % : 50,0 % :

24,3 %.

Hence ”Br is 50.67 %, 3'Br is 49.33 %, the intensities of peaks 158 : 160 : 162 are = 25.7 % :

50.0%:24.3%. m

Bai 1.2 — Problem 1.2

1. Tach mét neutron: *C — '2C + n. Nang lugng can 1a (M('2C) + m, — M(**C))c? =
(12,000000 + 1,008665 — 13,003355)-931,5 =0,005310 - 931,5~ 4,95 MeV.
Removing a neutron: ’C — 2C + n. The energy needed is (M(>C) + m, — M('3C))c? =
(12.000000 + 1.008665 — 13.003355) x 931.5 = 0.005310 % 931.5~=4.95 MeV.

2.8Cc6Z2=6,N=7:Am=6-1,007825+ 7 - 1,008665 — 13,003355 = 6,046950 +
7,060655 — 13,003355 =0,104250 u nén Ex = 0,104250 - 931,5~97,1 MeV vae=
97,1/13 = 7,47 MeV/nucleon.
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BChasZ=6,N=7:4m =6 x 1.007825 + 7 x 1.008665 — 13.003355 = 6.046950 +
7.060655 — 13.003355 = 0.104250 u, so E» = 0.104250 % 931.5= 97.1 MeV and ¢ =
97.1/13 = 7.47 MeV per nucleon.

3. Niang luong tach neutron cudi (4,95 MeV) thap hon nhiéu so véi & (7,47 MeV):
neutron thr bay 1a neutron 1¢, khong ghép cip dugc trong >C nén lién két yéu hon
mic trung binh cua cac nucleon da ghép cap.

The energy to remove the last neutron (4.95 MeV) is well below € (7.47 MeV): the seventh
neutron is unpaired in 3C and is bound more weakly than the average of the paired

nucleons.
Viy can ~ 4,95 MeV dé tach mot neutron khoi 1°C, con € = 7,47 MeV/nucleon.

Hence = 4.95 MeV is needed to remove one neutron from 3C, while ¢ = 7.47 MeV per nucleon.
|

Bai 1.3 — Problem 1.3

1. Sau 30,0 ngay: N/No = 27300143 = 272098 ~ 0 234 tirc 23,4 %.
After 30.0 days: N/Ny = 27300143 = 272098 = (). 234, i.e. 23.4 %.
2.27"T=0,0500nén t=T - log220 = 14,3 - 4,322 = 61,8 ngay.
27T =0.0500, sot =T x log:20 = 14.3 x 4.322 = 61.8 days.
3.N=1,00-10"/32 - 6,022:10%* = 1,88-10'°. T=14,3 - 86.400 = 1,236-10° s nén A =
5,61:-107s'vaRo=AN=5,61-10"- 1,88-10'* = 1,06-10'° Bq.
N =1.00-10"/32 x 6.022-103 = 1.88-10"0. T = 14.3 x 86,400 = 1.236-10° s, so A =
561107 s and Ry = AN = 5.61-1077 x 1.88:10'0 = 1.06-10"° Bg.
Vay con = 23,4 % sau 30,0 ngay; d6 phong xa con 5,00 % sau = 61,8 ngay; Ry =
1,06-10'° Bq.

Hence = 23.4 % remains after 30.0 days, the activity is 5.00 % after = 61.8 days; Ry~ 1.06-10"°
Bg. m

Bai 1.4 — Problem 1.4
74Be — 73Li + %41e + Ve
74Be + 0_1e — 73Li + ve

1. M(P) —M(D) = 7,016929 — 7,016003 = 0,000926 u, tirc 0,000926 - 931,5 = 0,863
MeV. Bit electron: Qec = 0,863 MeV > 0. Phan ra *: Qp+ = 0,863 — 1,022 =-0,159
MeV <0.

M(P) — M(D) = 7.016929 — 7.016003 = 0.000926 u, i.e. 0.000926 x 931.5 = 0.863 MeV.

Electron capture: Qrc = 0.863 MeV > 0. p* decay: Qp+ = 0.863 — 1.022 = —0.159 MeV < 0.
2. Chi bat electron xay ra dugc; phan rd B* bi cAm vé ning luong.

Only electron capture can occur, B* decay is forbidden by energy.

3.N=1,00-10%/7,017 - 6,022-10** = 8,58-10'6. T = 53,2 - 86.400 = 4,596-10° snén A =
1,508-107s ' vaR =AN = 1,29-10'° Bq.

N=1.00-1057.017 x 6.022-10%° = 8.58:10'°. T = 53.2 x 86,400 = 4.596-10° 5, s0 ). =
1.508:1077 s~ and R = AN = 1.29-10' Bgq.
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Vay "Be chi phan ra bang bat electron (Qgc = 0,863 MeV, Qg+ = —0,159 MeV); 1,00 ug
c6 R~ 1,29-10'° Bq.

Hence "Be decays only by electron capture (Qpc = 0.863 MeV, Qp+ = —0.159 MeV),; 1.00 ug has
R~129-10""Bq. m

Bai 1.5 — Problem 1.5

21H + 2:H — 3;He + 1on

1. S6 proton hai vé déu 2 nén dung khdi lugng nguyén ti: A =2 - 2,014102 — 3,016029
—1,008665 = 0,003510 u, Q =0,003510 - 931,5 = 3,27 MeV.

The number of protons is 2 on both sides, so atomic masses may be used: A =2 % 2.014102
= 3.016029 — 1.008665 = 0.003510 u, Q = 0.003510 x 931.5~3.27 MeV.

2. n(H,0) = 1000/18,0 = 55,6 mol nén n(H) = 111,1 mol van(D) = 111,1 - 1,56:107* =
0,01733 mol, tirc 1,044-10?? nguyén tir. Mdi phan ung dung hai nguyén tir D nén c6
5,22-10*! phan tng.
n(H>0) = 1000/18.0 = 55.6 mol, so n(H) = 111.1 mol and n(D) = 111.1 % 1.56-10% =
0.01733 mol, i.e. 1.044-10?° atoms. Each reaction uses two D atoms, so there are 5.22-10°'
reactions.

3. Nang lugng = 5,22-10%' - 3,27 - 1,602-107 3 J = 2,73-10° J.

Energy = 5.22:10°! x 3.27 x 1.602:10° 3 J= 2.73-10° J.
4. Khbi lwong than = 2,73-10°/2,9-107 =~ 94 kg.
Mass of coal = 2.73-10°/2.9-107 = 94 kg.
Vay Q = 3,27 MeV; 1,00 kg nudc toa = 2,73-10° J, twong duong = 94 kg than.
Hence Q = 3.27 MeV; 1.00 kg of water releases = 2.73-10° J, equivalent to = 94 kg of coal. W

Bai 1.6 — Problem 1.6

1. Nang lugng mdi phan hach: 200 - 1,602-107"% = 3,204-10"" J. S5 phan hach mbi
gidy: 3,00-10°/3,204-107'' = 9,36-10",
Energy per fission: 200 % 1.602-1013 = 3.204-10~ ! J. Fissions per second.:
3.00-10°/3.204-107"1 = 9.36-10"°.

2. Mot ngay ¢6 86.400 s: 9,36:10" - 86.400 = 8,09-10%* phan hach, tirc
8,09-10%4/6,022-10% = 13,4 mol, khoi lugng 13,4 - 235~ 3,16-10% g.

One day has 86,400 s: 9.36-10" x 86,400 = 8.09-10°* fissions, i.e. 8.09-10°%/6.022-10°° =
13.4 mol, mass 13.4 x 235=3.16:10° g.

3. Nhiét trong mot ngay: 3,00-10° - 86.400 = 2,59-10'* J. Khéi lugng than =
2,59-10'%/2,9-107 ~ 8,9-10° kg, tirc khoang 8,9-10° tan.
Heat in one day: 3.00-10° x 86,400 = 2.59-10'* J. Mass of coal = 2.59-10"%/2.9-10" = 8.9-10°
kg, i.e. about 8.9-10° tonnes.

Vay ~ 9,36-10" phan hach mdi gidy; =~ 3,16 kg U mdi ngdy; than twong duong =
8,9-10° tan.

Hence = 9.36:10% fissions per second; = 3.16 kg of **U per day; equivalent coal = 8.9-10°
tonnes. A
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Bai 1.7 — Problem 1.7

1. n(K) = 140/39,1 = 3,58 mol nén s6 nguyén tir K = 3,58 - 6,022-10% =2,156-10**.
N(*K) =2,156-10** - 1,17-107* = 2,52-10%.
n(K) = 140/39.1 = 3.58 mol, so the number of K atoms is 3.58 x 6.022-10°° = 2.156-10*".
N#K) =2.156-10°* x 1.17-107% = 2.52-10°°.

2.T=1,2510°-3,156-107 = 3,945-10'° s nén A = 0,6931/3,945-10'¢ = 1,757-1017 s°1,
R=AN=1,757-10"" - 2,52:10*° = 4,4-103 Bq.
T=12510°%3.156:107 = 3.945-100 5, so . = 0.6931/3.945-10'° = 1.757-10""7 s 1. R = AN
=1.757-107"7 x 2.52-10°° = 4.4-10° By.

3. Thoi gian 4,5-10° nam bang 3,6 chu ky, nén *°K khi d6 nhiéu gap 2*° = 12,13 1an hién
nay. Goi tong s6 nguyén tir kali hién nay 1a 1 thi °K hién nay la x = 1,17-107%,
The time 4.5-10° years is 3.6 half-lives, so *’K was then 2°° = 12.13 times its present
amount. Let the present total number of potassium atoms be 1, so *’K now is x = 1.17-107.

f=x-236 /(1—x+ X.23,6)
4.f=1,17-10* - 12,13/(1 = 1,17-10*+ 1,17-10* - 12,13) = 1,419-1073/1,001302 =
1,417-1073, tirc 0,142 %.
f=1.17-107% < 12.13/(1 — 1.17-107% + 1.17-107* x 12.13) = 1.419-1073/1.001302 =
1.417-1073, i.e. 0.142 %.
Viy co thé c6 = 2,52-10% hat nhan “K véi d6 phong xa ~ 4,4-10° Bq; khi Trai Pat hinh
thanh *°K chiém = 0,142 % sb nguyén tir kali.
Hence the body holds = 2.52-10°° “°K nuclei with an activity of = 4.4-10° Bq; when the Earth
Jformed *’K made up = 0.142 % of the potassium atoms. W

Bai 1.8 — Problem 1.8
2419,Pu — 24195sAm + 9_1e + Ve

1.0 =0,6931/14,3 = 4,847-10 2 nam™*; A2 = 0,6931/432,6 = 1,602-1073 nam™*. O day A
> \2; cong thire (1.11) vin ding vé6i vai trd me — con nhu dé (me 13 24'Pu).
A1 =0.6931/14.3 = 4.847-10% year !; > = 0.6931/432.6 = 1.602-107° year!. Here ; > A>;
Sformula (1.11) still holds with the parent and daughter roles as stated (the parent is ** Pu).

2. Cyec dai ctia Np: tmax = In(Ai/A2)/(M1 — A2) = In 30,25/(4,847-1072 — 1,602:107%) =
3,4096/4,687-1072 =~ 72,7 nam. (Biéu thirc d6i xing theo hai hang sd, nén cho cing
tmax du A1 16n hon hay nho hon.)

Maximum of Np: tmax = In(A1/22)/(h1 — 22) = In 30.25/(4.847-107% — 1.602-1073) =
3.4096/4.687-1072 = 72.7 years. (The expression is symmetric in the two constants, so it
gives the same tmax Whichever is larger.)

3. Tai tmax: € M= 3326 =0,02942 va e ™' = ¢ %116 = (0,8900. Np/No = Mi/(A2 — M) -
(0,02942 - 0,8900) = (—1,0342)(—0,8606) ~ 0,890.
At tyay: €7 = €739 = 0.02942 and e > = e %1156 = 0.8900. Np/No = A1/(42 — A1) %
(0.02942 — 0.8900) = (—1.0342)(—0.8606) = 0.890.

4. Tai cyc dai Ram = Rpu(t) = Rore ™ =Ry - 0,02942 = 0,0294Ry.
At the maximum Ram = Rpu(t) = Roe ' = Ry x 0.02942 = 0.0294Ry.
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Vay luong 2*'Am cyc dai sau = 72,7 nam, bang ~ 0,890 s6 hat nhan 2*'Pu ban dau; luc do
d6 phong xa cta 2'Am = 0,0294 d6 phong xa ban dau cua 2'Pu.

Hence the amount of **'Am peaks after = 72.7 years at = 0.890 of the initial number of **' Pu
nuclei, its activity is then = 0.0294 of the initial activity of *'Pu. ®

Bai 1.9 — Problem 1.9

1650 + 1650 — 3216S, 2814Si + 2814Si — 562Ni

1. S6 proton hai vé bang nhau nén dung khoi lugng nguyén tir. Vi O + O: A=2 -
15,994915 - 31,972071 = 0,017759 u, Q =0,017759 - 931,5 = 16,5 MeV.
The number of protons is equal on both sides, so use atomic masses. For O + O: 4 = 2 x
15.994915 — 31.972071 = 0.017759 u, Q = 0.017759 x 931.5=16.5 MeV.

2.V6iSi+Si: A=2 27976927 — 55,942128 = 0,011726 u, Q =0,011726 - 931,5 =
10,9 MeV.
ForSi+ Si:A=2x27.976927 — 55.942128 = 0.011726 u, Q = 0.011726 % 931.5~= 10.9
MeV.

3. T Hinh 1.1: (*°Ca) = 8,55 MeV, £(**Ne) = 8,03 MeV. Theo (1.7): Q = 40 - (8,03 —
8,55) = —-21 MeV, am.
From Figure 1.1: ¢(*'Ca) = 8.55 MeV, ¢(*°Ne) = 8.03 MeV. By (1.7): Q= 40 x (8.03 — 8.55)
~ —21 MeV, negative.

4. Kiém bang khéi luong: A =39,962591 — 2 - 19,992440 = —0,022289 u, Q =
—0,022289 - 931,5 ~ —20,8 MeV, khép dy doan.
Check with masses: A = 39.962591 — 2 x 19.992440 = —0.022289 u, Q = —0.022289 %
931.5 = —20.8 MeV, matching the prediction.

5. Giai thich: hop hai hat nhan nhe hon ving st — nickel (A = 16 va 28) lam ¢ ting (7,98
1én 8,49 va 8,45 1én 8,64) nén Q > 0; chia *°Ca (gan dinh dudng cong) thanh hai hat
nhan 2’Ne nam thap hon 1am € giam nén Q < 0.

Explanation: joining two nuclei lighter than the iron — nickel region (A = 16 and 28) raises ¢

(7.98 up to 8.49 and 8.45 up to 8.64), so Q > 0; splitting *°Ca (near the top of the curve) into
two ?°Ne nuclei, which lie lower, lowers ¢, so O < (0.

Vay Q = +16,5 MeV (O + 0), = +10,9 MeV (Si + Si) va = —20,8 MeV (*°Ca thanh hai
2Ne); dau cta Q theo chiéu thay doi cia e.

Hence Q = +16.5 MeV (O + O), = +10.9 MeV (Si + Si) and = —20.8 MeV (*°Ca into two *°Ne);
the sign of O follows the direction of change of . W
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Chuong 2. Cau truc lop vo electron — Chapter 2. Electronic structure of

atoms

Muc tiéu chwong — Chapter objectives

« Tinh mirc nang lugng, ban kinh quy dao va budc song vach phd cuia nguyén tir
hydrogen va ion mot electron bang mé hinh Bohr.
Calculate energy levels, orbit radii and spectral-line wavelengths for hydrogen and one-
electron ions with the Bohr model.

« Dung hé thtic de Broglie va ham séng dé giai thich vi sao quy dao Bohr dugc thay
bang orbital.
Use the de Broglie relation and the wavefunction to explain why Bohr orbits give way to
orbitals.

« Suy ra bo bon sb lugng tir hop 18, s6 orbital va sb electron tdi da cua 16p va phan 16p.
Decide which sets of four quantum numbers are allowed and count the orbitals and electrons
in a shell or subshell.

« Viét cdu hinh electron ctia nguyén tir va ion dén Z = 54, gdm céc ngoai 18, va dém
electron doc than.
Write electron configurations of atoms and ions up to Z = 54, including the exceptions, and
count unpaired electrons.

« Tinh Zesr va nang luwong orbital theo quy tac Slater, uéc tinh nang lugng ion hoa.
Calculate Zey and orbital energies with Slater's rules and estimate ionisation energies.

2.1. M6 hinh Bohr cho hé mot electron — The Bohr model of one-electron systems

Nguyén tir hydrogen va cac ion chi con mot electron (He*, Li%*, Be*, ...) gdm mot hat
nhan dién tich +Ze va mot electron. M6 hinh Bohr xtr Iy hé niy bang co hoc c6 dién cong
ba dinh dé lugng tir hoa, va tai hi€n ding cac muc nang luong cung vi tri vach phé cua hé
mot electron.

The hydrogen atom and every ion left with a single electron (He', Li’*, Be’*, ...) consist of a
nucleus of charge +Ze and one electron. Bohr's model treats the pair with classical mechanics

plus three quantisation postulates, and it reproduces the energy levels and the line positions of
one-electron systems.

PINH LUAT 2.1 (Pinh dé Bohr) / LAW 2.1 (Bohr postulates) — (i) Electron chuyén dong
tron quanh hat nhan dtng yén va chi ton tai trén nhitng quy dao dimg; & quy dao dimg n6
khong birc xa. (ii) O quy dao dimg thir n, mé-men dong lugng cua electron bang n 1an h/(2n),
véin=1,2,3, ... (iii) Khi chuyén giira hai trang thai dimg c6 ning lugng E; va Er, hé phat
hoac hép thu mét photon c6 nang lugng hv = |E; — Eg. Pham vi: hé c6 dung mdt electron, hat
nhan coi la dung yén.

(i) The electron moves in a circle around a stationary nucleus and exists only on stationary orbits,
where it does not radiate. (ii) On the n-th stationary orbit the angular momentum of the electron is n
times h/(2m), n = 1, 2, 3, ... (iii) In a jump between two stationary states of energy E; and Erthe system
emits or absorbs one photon of energy hv = |E; — E/|. Scope: exactly one electron, nucleus taken as
stationary.
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me-v-r =n-h/(2m) (2.1

HE QUA 2.2/ COROLLARY 2.2 — Quy dao dung tht n ciia h¢ mét electron di¢n tich hat
nhéan +Ze c6 ban kinh r, = n>-a¢/Z va ning lugng E, = —En-Z%/n?, trong d6 ap = 0,529 A 12 ban
kinh Bohr va Ex = 13,6 V. Mdc ning luong E = 0 ng v6i electron dimg yén & vo cuc.

The n-th stationary orbit of a one-electron system with nuclear charge +Ze has radius r, = n*a¢/Z and
energy E, = —EuZ%/n? where ay = 0.529 A is the Bohr radius and Ey = 13.6 eV. The zero of energy is
an electron at rest infinitely far away.

Chirng minh. / Proof.
Luc hat Coulomb 12 Iyc hudng tdm cta chuyén dong tron déu, véi k = 1/(4neo):

The Coulomb attraction is the centripetal force of the uniform circular motion, with k = 1/(4rey):
k-Z-e*/r?> = mev?/r (2.2)

Tir (2.1) rit v = n-h/(2n-me'1), thé vao (2.2) va giai r:
From (2.1), v = n"h/(2r-mer). Substitute into (2.2) and solve for r:

rn = n?-h?/(4n*mek-Z-e?) = n?ao/Z (2.3)

Véi ap = h¥/(4n* me-k-e?) = 0,529 A. Tir (2.2), dong niang Ex = mev¥/2 = kZe¥(2r); thé
nang E, = —kZe/r. Vay:

Here ap = h¥/(4n>mek-e?) = 0.529 A. From (2.2) the kinetic energy is Ex = mev¥/2 = kZe*/(2r) and
the potential energy is E, = —kZe*/r. Hence:

E = Ex + Ep = —k-Z-€?/(2r)

Thay r, tir (2.3): En = —(k-e*(2a0))-Z*/n?. Gia tri Exq = k-e?/(2a9) = 13,6 eV.
Substituting r, from (2.3): E, = —(k-e?/(2a9))-Z*/n° The constant Ey = k-e*/(2ay) is about 13.6 eV.

En = —En-Z2/n? (2.4)

NHAN XET / REMARK — Ning lugng E, ludn 4m: electron bi lién két. Mitrc thip nhat n = 1
1a trang thai co ban, cdc murc n > 2 1a trang thai kich thich, va khodng cach gitra hai muc ké
nhau thu hep dan khi n ting, tién t6i giéi han E = 0. Ban kinh ting theo n? con ning luong
giam theo 1/n%; ca hai déu ti 18 v6i Z (ban kinh theo 1/Z, ning luong theo Z2).

The energy E, is always negative: the electron is bound. The lowest level n = 1 is the ground state,
levels n > 2 are excited states, and neighbouring levels crowd together as n grows, towards the limit E
= (. Radius grows as n? and energy falls as 1/n?; both depend on Z (vadius as 1/Z, energy as Z3).

PHAI THUQC / MEMORISE — ao = 0,529 A; En = 13,6 €V; 1, = 0,529-n%Z (A); Ey =
—13,6-7%n? (eV).
ap=0.529 4; En=13.6 eV; r, = 0.529-n%/Z (A); E, = —13.6-Z%/n’ (V).
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2.2. Pho vach va niing lwong ion héa ciia hé mét electron — Line spectra and

ionisation energy of one-electron systems

HE QUA 2.3 (Cong thirc Rydberg) / COROLLARY 2.3 (Rydberg formula) — Photon phat
ra khi hé mot electron chuyén tir mirc n; xudng muc nr (ni > n) c6 s6 song 1/A = Ru-Z2(1/n
— 1/n?), v6i hang s6 Rydberg Ry = 1,097-107 m ™.

The photon emitted when a one-electron system drops from level n; to level ny (n; > ny has
wavenumber 1/3 = Ry-Z>(1/n? — 1/n?), with the Rydberg constant Ry = 1.097-10" m™".

Chirng minh. / Proof.
Theo dinh dé (iii) va (2.4), ning lugng photon bang hiéu hai mic:
By postulate (iii) and (2.4) the photon energy is the difference of the two levels:

h-c/A = En-Z%-(1/né — 1/ni%)

Chia hai vé cho h-c, dit Ry = En/(h-c). Bang sd: 13,6 x 1,602-107"° J / (6,626-1073* J-s x
2,998-10% m/s) = 1,097-10’ m™ .

Divide both sides by h-c and put Ry = En/(h-c). Numerically: 13.6 x 1.602-10°"° J / (6.626-103*
Js X 2.99810°m/s) = 1.097-10" m™".

1/A = Ru-Z%(1/né — 1/ni%) (2.5)
|

Céc vach cung nr hop thanh mot day: day Lyman (nf = 1, ving tr ngoai), day Balmer (n¢
= 2, chu yéu vung kha kién), ddy Paschen (nf = 3, hong ngoai gan). Trong mot diy, vach
c6 ni = n¢+ 1 co budc soéng dai nhat; giéi han diy ang véi ni — oo cho budc song ngan
nhat. Khi can ning luong photon theo eV, dung hé thirc:

Lines with the same ny form a series: Lyman (ny = 1, ultraviolet), Balmer (ny = 2, mostly visible),
Paschen (ny = 3, near infrared). Within a series the line with n; = ny + 1 has the longest
wavelength, and the series limit n; — oo gives the shortest. For a photon energy in eV use:

E (eV) - A (nm) ~ 1240 (2.6)
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Hinh 2.1. Mirc ning luong ctia nguyén tir hydrogen va cac chuyén mirc tao ba day vach.
Figure 2.1. Energy levels of the hydrogen atom and the transitions forming three line series.

PINH NGHIA 2.4 (Niing lwgng ion héa) / DEFINITION 2.4 (Ionisation energy) — Ning
luong ion hoa 14 ning lwong tdi thiéu can dé tach electron khoi hé ¢ trang thai xac dinh ra vo
cuc. V&i hé mot electron ¢ mure n: IE, = —E, = 13,6-Z%n? eV; ¢ trang thai co ban IE = 13,672
eVv.

lonisation energy is the minimum energy needed to remove the electron of a system in a given state to

infinity. For a one-electron system in level n: IE, = —E, = 13.6-Z*n? eV; in the ground state IE =
13.6-2° eV.

NHAN XET / REMARK — Mb hinh Bohr chi ding cho hé mét electron. V&i nguyén tir
nhiéu electron n6 khong tinh duoc ning lugng, vi electron day nhau. Ngay véi hydrogen, khai
niém quy dao cd ban kinh xac dinh bi co hoc lugng tir bo: trang thai co ban ciia H c6 mé-men
dong lugng quy dao bang 0, khong bang h/(27) nhu Bohr di dit ra. Cac mic ning luong Ex
thi van dung.

The Bohr model holds only for one-electron systems. For atoms with several electrons it cannot give
energies, because electrons repel one another. Even for hydrogen, quantum mechanics drops the idea
of an orbit of definite radius: the ground state of H has zero orbital angular momentum, not h/(2r) as
Bohr assumed. The energy levels E, remain correct.

PHAN TICH / ANALYSIS — Dé héi ban kinh, nang lugng hodc budc song cua ion mot
electron: dua Z va n vao (2.3), (2.4), (2.5), moi dai lugng con lai 1a phép thé s6. Vi bude
song, kiém tra két qua bang dudng vong: tinh AE rdi chia 1240 cho no.

The question asks for the radius, energy or wavelength of a one-electron ion. insert Z and n into (2.3),
(2.4), (2.5) and the rest is substitution. For a wavelength, check by the detour: compute AE and divide
1240 by it.
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Vi DU 2.1 (Bohr cho ion mét electron) / EXAMPLE 2.1 (Bohr model for a one-electron
ion) — Ion Be** ¢ trang thai n = 3. Tinh: a) ban kinh quy dao; b) ndng lugng cua electron; c)
nang luong can dé tach electron khoi trang thai nay; d) budc song photon phat ra khi electron
chuyén trn=3 vé n=2. Cho ap=0,529 A, Ry = 1,097-10’ m™".

The ion Be*" is in the state n = 3. Find: a) the orbit radius; b) the electron energy, c) the energy

needed to remove the electron from this state; d) the wavelength of the photon emitted in the jump n =
3ton =2 Takeay=0.529 4, Ry=1.097-10"m™".

Loi giai. / Solution.
Be c6 Z =4. Ap dung (2.3) va (2.4).
Be has Z = 4. Apply (2.3) and (2.4).

1.13=0,529 x 32/4 = 1,19 A.
r3=0.529 x 3%/4~1.19 4.
2.E3=-13,6 x 42/32 = 24,2 eV.
E;=—13.6 x4%/32=—-24.2 V.
3.IEs=-Ez=24,2¢V.
IE; = —E3 ~24.2eV.
4.1/A=1,097-107 x 16 x (1/4 —1/9) = 2,438-107 m!, suy ra A = 4,10-107% m.
1. =1.097-107 x 16 x (1/4 — 1/9) = 2.438:10°’ m™ ', so A= 4.10-10~ m.
Vayrs= 1,19 A, Es = 24,2 eV, IE; = 24,2 eV va L = 41,0 nm (tr ngoai).
Hencer;=~1.19A4, Es~—24.2 eV, [E3~24.2 eV and ). =~ 41.0 nm (ultraviolet). W

PHAN TICH / ANALYSIS — Chi mét 4n Z, va Z phai nguyén. Vach dau cia diy Lyman la
chuyén 2 — 1. Pua A vao (2.5) dé c6 Z2, 1di 1am tron toi s6 nguyén va kiém lai bang cach
tinh AE.

There is one unknown, Z, and it must be an integer. The first Lyman line is the jump 2 to 1. Put 1 into
(2.5) to get 72 round to an integer and check by computing AE.

VI DU 2.2 (Tim Z tir vach Lyman) / EXAMPLE 2.2 (Finding Z from a Lyman line) —
Vach dau tién cua day Lyman cuia mot ion mot electron c6 budc song 4,86 nm. Xac dinh ion
d6. Cho Ry =1,097-10" m™".

The first line of the Lyman series of a one-electron ion has wavelength 4.86 nm. Identify the ion. Ry =
1.097-10" m™".

Loi giai. / Solution.
Vach tng véin; =2, nr= 1. Theo (2.5):
The line has n; = 2, ny= 1. By (2.5):
1/A=Ru-Z*(1 — 1/4) = (3/4)-Ru-Z*
1.2>=4/(3-Ru-L) = 4/(3 x 1,097-107 x 4,86-10°) = 25,0, suy ra Z = 5.
77 = 4/(3-Ru) = 4/(3 x 1.097-107 x 4.86-10°% = 25.0, s0 Z = 5.

2. Kiém tra: AE = 13,6 x 25 x 3/4 =255 eV, A = 1240/255 = 4,86 nm. Khép dé.
Check: AE = 13.6 x25 x 3/4 =255 ¢eVand 2 = 1240/255 = 4.86 nm. This matches the data.
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Vay Z =5, ion la B¥,
Hence Z = 5 and the ion is B*".

2.3. Lwong tinh song — hat va orbital nguyén tix — Wave—particle duality and atomic

orbitals

PINH LUAT 2.5 (Gia thuyét de Broglie) / LAW 2.5 (de Broglie hypothesis) — Moi hat vi
mo c6 dong luong p = m-v déu di kém mot séng vat chat c6 bude song A = h/p. Gia thuyét
dugc x4c nhin bang nhiéu xa electron qua tinh thé; pham vi: hat c6 khéi lugng nghi, téc d6
nho hon nhiéu so véi c.

Every microscopic particle of momentum p = m-v is accompanied by a matter wave of wavelength /. =
h/p. The hypothesis is confirmed by electron diffraction in crystals; scope: particles with rest mass, at
speeds much below c.

A=h/(mv) (2.7)

Véi vat thé thuong, h qua nho nén A nhé khong do duge. Vi electron, A cing c¢& véi
khoang céch giita cac nguyén tir, vi vay hiéu tng song chi phdi chuyén dong cuia n6 trong
nguyén tur.

For an everyday object h is so small that ) is unmeasurably small. For an electron A is of the
order of interatomic distances, so wave effects govern its motion inside an atom.

HE QUA 2.6 / COROLLARY 2.6 — Quy dao Bohr thir n chira dung n budc séng de Broglie:
2nr = n-A. Diéu kién ndy twong duong dinh d (ii) caa Bohr.

The n-th Bohr orbit holds exactly n de Broglie wavelengths: 2zr = n-A. This condition is equivalent to
Bohr's postulate (ii).

Chirng minh. / Proof.

Soéng chay quanh quy dao chi khép kin duoc néu chu vi bang sé nguyén 1an budc song;
néu khong, sau mdi vong song léch pha va triét tiéu:

A wave travelling round the orbit closes on itself only if the circumference is a whole number of
wavelengths; otherwise it is out of phase after each turn and cancels:

2Tr = n-A (2.8)

Thé A = h/(me-v): 2t = n-h/(me-v), tirc me-v-r = n-h/(2x), dung 1a (2.1).
Substituting 4 = h/(mev): 2r = n-h/(mev), that is mevr = n-h/(2x), which is (2.1). &
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song dung / standing wave khong khép kin / does not close

2mr = 3\ 27r = 3,5\

Hinh 2.2. Séng de Broglie quanh quy dao: sé nguyén budc song cho song ding, s6 khong
nguyén thi song tu triét tiu.
Figure 2.2. De Broglie wave round an orbit: a whole number of wavelengths gives a standing wave, a
fractional number cancels itself.

PINH LUAT 2.7 (Nguyén ly bat dinh Heisenberg) / LAW 2.7 (Heisenberg uncertainty
principle) — Khong thé xac dinh dong thoi chinh xac vi tri va dong luong ctia mot hat vi mé:
Ax:Ap > h/(4m). Day la nguyén ly thuc nghiém cta co hoc lugng tir, khong chimg minh & day.
Position and momentum of a microscopic particle cannot both be known exactly at the same time:
Ax-Ap = h/(4rm). This is a principle of quantum mechanics, not proved here.

Ax-Ap = h/(4m) (2.9)

DINH NGHIA 2.8 (Orbital nguyén tir) / DEFINITION 2.8 (Atomic orbital) — Orbital
nguyén tir 1a ham song y mo ta trang thai cua mdt electron trong nguyén tur. Binh phuong |y/[?
tai mot diém ti 1& véi mat do xac suit tim théy electron & diém d6. Hinh biéu dién orbital 1a
vung khong gian quanh hat nhan chtra khoang 90 % xac suat.

An atomic orbital is the wavefunction y describing the state of one electron in an atom. The square
lw|? at a point is proportional to the probability density of finding the electron there. The picture of an
orbital is the region around the nucleus holding about 90 % of the probability.

VI DU 2.3 (Séng dirng trén quy dao Bohr) / EXAMPLE 2.3 (Standing wave on a Bohr
orbit) — Electron ctia nguyén tit H & n = 3. Tinh dong ndng cua no, budc soéng de Broglie, va
kiém tra rang chu vi quy dao bang 3 budc song. Cho me =9,109-1073! kg, ap = 0,529 A.

The electron of a hydrogen atom is in level n = 3. Find its kinetic energy and de Broglie wavelength,
and check that the orbit circumference equals 3 wavelengths. m, = 9.109-10 " kg, ap = 0.529 A.

Loi giai. / Solution.
Theo (2.4) va (2.2), Exk=—-E3=13,6/9= 1,511 eV.
By (2.4) and (2.2), Ex = —Es = 13.6/9 = 1.511 V.

A=h/p =h/V(2-me-Ex)

1 Ec=1,511 % 1,602:101 =2,421-1079 J; p = V(2 x 9,109-103! x 2,421-101%) ~
6,641-107% kg m/s.
Ex=1511 x1.602-107"° =2421-10"°J; p = \/(2 x 9.109-10731 x 2.421-107"°) =
6.641-107%° kg'm/s.
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2.1=6,626-107*/6,641-102°=9,98-101°m = 9,98 A, nén 31~ 29,9 A.
A=06.626107*/6.64110%=9.981071" m = 9.98 4, s0 34~ 29.9 A.

3.13:=0,529 x 9 =4,761 A, chu vi 2713 = 29,9 A.
r3=10.529 x 9 =4.761 A4, circumference 2mr3 = 29.9 4.

Vay Ex~ 1,51 eV, A~ 9,98 A va 2m'r3 = 3\ trong sai s6 lam tron.
Hence Ex~ 1.51 eV, 2= 9.98 A and 2rr3 = 3) within rounding. W

PHAN TICH / ANALYSIS — Pé cho ca ning lugng photon 13n ning lugng ion hoa: electron
bén ra mang phan ning luong du. Lap can bang ning lugng, tinh dong ning, sau d6 méi ding
A =h/(m-v). Moi dai lugng ddi sang SI trudc khi tinh v.

The data give both a photon energy and an ionisation energy: the ejected electron carries the surplus.
Write the energy balance, get the kinetic energy, and only then use /. = h/(m-v). Convert everything to

SI before computing v.

VI DU 2.4 (Quang ion héa va séng de Broglie) / EXAMPLE 2.4 (Photoionisation and the
de Broglie wave) — Nguyén tir H & n = 2 hap thu mét photon budc séng 250 nm. a) Electron
c6 bi burt ra khong, va dong ning khi bt ra 1a bao nhiéu eV? b) Tinh tdc do va budc séng de
Broglie cua electron dé. ¢) Budc song dai nhét ciia photon con ion héa duge H & n = 2. Cho
me =9,109-1073! kg.

A hydrogen atom in n = 2 absorbs a photon of wavelength 250 nm. a) Is the electron ejected, and with
what kinetic energy in eV? b) Find its speed and de Broglie wavelength. c) The longest photon
wavelength that still ionises H from n = 2. m, = 9.109-10°" kg.

Loi giai. / Solution.
1. Ephoton = 1240/250 = 4,96 eV; IE> = 13,6/4 = 3,40 eV. Vi 4,96 > 3,40 nén electron bi
but ra, voi Ex =4,96 — 3,40 = 1,56 eV.
Ephoton = 1240/250 = 4.96 eV, IE> = 13.6/4 = 3.40 eV. Since 4.96 > 3.40 the electron is
ejected, with Ex = 4.96 — 3.40= 1.56 eV.

2. Ec=1,56 x 1,602:107° =2,50-10"" J; v = V(2Ex/me) = V(2 x 2,50-107" /
9,109-1073") = 7,41-10° m/s.
Ex=1.56 x 1.602-107"% = 2.50-10°"% J; v = N(2Ew/me) = (2 x 2.50-1071° / 9.109-10%1) =
7.41-10° m/s.
3. A=h/(me'v) =6,626-1074/(9,109-1073! x 7,41-10°) = 9,8-10"' m = 0,98 nm.
A =h/(mev) = 6.626-1073%/(9.109-1073 x 7.41-10°) = 9.8:107 " m = 0.98 nm.
4. Ngudng ion hoa: Amax = 1240/3,40 =~ 365 nm.
Threshold: Jmax = 1240/3.40 = 365 nm.
Vay electron bi bt ra v6i 1,56 eV, v = 7,41-10° m/s, A = 0,98 nm; budc song dai nhét ion
hoa duoc la 365 nm.

Hence the electron leaves with 1.56 eV, v = 7.41-10° m/s and A = 0.98 nm, the longest ionising
wavelength is 365 nm. H
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2.4. Bén s lwgng tir va hinh dang orbital — The four quantum numbers and orbital
shapes

PINH NGHIA 2.9 (S6 lwong tir) / DEFINITION 2.9 (Quantum numbers) — Trang thai
ctia electron trong nguyén tir dugc xac dinh boi bdn s lugng tir. S6 lugng tir chinh n quyét
dinh 16p va phan 16n niang luong. SO lugng tir phu (orbital) 1 quyét dinh phan 16p va hinh
dang orbital. S5 lwong tir tir my quyét dinh hudng cua orbital trong khong gian. S6 lwong tir tir
spin ms cho hudng spin cua electron.

The state of an electron in an atom is fixed by four quantum numbers. The principal quantum number
n sets the shell and most of the energy. The azimuthal (orbital) quantum number [ sets the subshell and
the shape of the orbital. The magnetic quantum number m; sets the orientation of the orbital in space.
The spin quantum number my gives the spin direction of the electron.

PINH LUAT 2.10 (Quy tic gia tri s6 lwong tir) / LAW 2.10 (Quantum-number rules) —
Gia tri cho phép cua cac ) lugng t:n=1,2,3,...;v6imdin, 1=0, 1, ..., n— 1; véi mdi |,
m=-1-1+1,...,0, ..., +]; m¢=+1/2 hodc —1/2. Cac phan 16p 1 =0, 1, 2, 3 duoc goi la s, p,
d, f.

Allowed values of the quantum numbers: n =1, 2, 3, ...; foreachn, [ =0, 1, ..., n — 1, for each [, m; =
=L =1+1 ..0, .. +;mg=+1/20r —1/2. The subshells | = 0, 1, 2, 3 are called s, p, d, f.

HE QUA 2.11 / COROLLARY 2.11 — Phan 16p 1 c6 21 + 1 orbital, chira t6i da 221+ 1)
electron. Lp n c6 n? orbital va chira tdi da 2n? electron.

A subshell [ has 21 + 1 orbitals and holds at most 2(21 + 1) electrons. A shell n has n? orbitals and
holds at most 2n? electrons.

Chirng minh. / Proof.
Véi 1 cho trude, my nhan céc gia tri tor —1 dén +1, te 21 + 1 gia tri, mdi gia tri 1a mot
orbital; mdi orbital c6 hai gia tri ms. Trong 16p n, 1 chay tir 0 dén n — 1, nén sb orbital 1a
tong cua cap sb cong:
For a given I, m;i runs from —l to +1, which is 21 + I values, each an orbital; each orbital has two

values of ms. In shell n, | runs from 0 to n — 1, so the number of orbitals is the sum of an
arithmetic progression:

T="1(21+1)=14+3+5+ ..+ (2n—1)=n? (2.10)

Nhéan d6i cho hai hudng spin dugc 2n? electron.

Doubling for the two spin directions gives 2n? electrons. R
Phan 16p S6 orbital S6 electron tdi da Gia tri m
Subshell Orbitals Maximum electrons Values of m

oI

s 0 1 2

p 1 3 6 -1,0,+1

d 2 5 10 -2,-1,0,+1, +2
f 3 7 14 -3,...,13
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TINH CHAT 2.12 (Hinh dang va mit nit) / PROPERTY 2.12 (Shape and nodes) —
Orbital s c6 dang cau. Ba orbital p (px, py, pz) ¢6 hai thiy d6i xtrng qua hat nhan, doc ba truc
toa d6. Nam orbital d c6 bon thiy (dxy, dxz, dyz, dx—y2) hodc hai thiy kém mot vong (dz).
Orbital (n, 1) c6 n — 1 mét nat, trong d6 1 mat nat di qua hat nhan van —1— 1 mat ntt cAu; \Vis
bang 0 trén mit nat.

The s orbital is spherical. The three p orbitals (px, py, p-) have two lobes on either side of the nucleus
along the coordinate axes. The five d orbitals have four lobes (dxy, d., d,-, dx—y:) or two lobes with a
ring (d.:). An orbital (n, l) has n — I nodal surfaces: [ pass through the nucleus and n — [ — I are

spherical; |y|? is zero on a node.
S Pz dy dz2

Hinh 2.3. Phan goc cia orbital s, pz, dxy va dz? (mit cit; xanh 1a pha dwong, cam 14 pha am).
Figure 2.3. Angular part of the s, pz, dxy and dz? orbitals (cross-section; blue is positive phase, orange

negative).

PHAN TICH / ANALYSIS — Dé dém electron theo mot diéu kién 18n sb lugng tir. Ligt ké
theo ting n va 1, loai cip vi pham quy tic gia tri, r6i dém sd orbital thoa diéu kién my; mdi
orbital cho mot electron ing v&i mg da cho.

The question counts electrons under a condition on the quantum numbers. List by n and [, drop pairs
that break the value rules, then count the orbitals that satisfy the m; condition; each orbital gives one
electron for a stated m;.

ViDU 2.5 (Pém theo sb lwgng tir) / EXAMPLE 2.5 (Counting by quantum numbers) —
a) Trong nguyén tir, t6i da bao nhiéu electron c6 dong thoin <4, my=+1 va ms = —1/22 b)
Trong 16p n = 4, ¢ bao nhiéu bd bdn s6 lwong tir (n, 1, my, ms) hop 18 voi my < 02

a) At most how many electrons in an atom can have n <4, m; = +1 and my = —1/2 at once? b) In the
shell n = 4, how many valid sets (n, [, m;, my) have m; <0?

Loi giai. / Solution.

1.Dém=+1lcanl>1.n=2:1=1 (1 orbital); n=3:1=1,2 (2 orbital); n=4:1=1, 2,
3 (3 orbital). Tong 6 orbital.
m=+1lneedsl>1.n=2:1=1(lorbital);n=3:1=1,2 (2orbitals); n=4:1=1, 2, 3 (3
orbitals). Total 6 orbitals.

2. Mbi orbital c6 diing mot electron véi ms = —1/2, nén dap s a) 1a 6 electron.
Each orbital has exactly one electron with mg = —1/2, so the answer to a) is 6 electrons.

3.Véoin=4:1=0cém =0 (1 gid tri); [=1c6-1,0(2);1=2c6-2,-1,0 (3); =3 ¢co
-3, ..., 0 (4). Tong 10 orbital.
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Forn=4:1=0hasm =0 (1 value); | =1 has —1, 0 (2); |l =2 has =2, =1, 0 (3), | = 3 has
=3, ..., 0 (4). Total 10 orbitals.
4. Mdi orbital cho hai gi4 tri ms: 10 x 2 =20 bg.
Each orbital gives two values of ms: 10 x 2 = 20 sets.
Vay a) 6 electron; b) 20 bo.
Hence a) 6 electrons; b) 20 sets. W

LOI HAY GAP / COMMON MISTAKE — Cho phép I =n (vi du ghi 3d & 16p n = 2, hay
phén 16p 2d). Phan 16p d chi c6 titn =3 va f chi co tirn = 4.
Allowing [ = n (for example writing 2d). The d subshell exists only from n = 3 and fonly from n = 4.

LOI HAY GAP / COMMON MISTAKE — Quén ring ms nhin d6i s6 trang thai: 16p n c6 n?
orbital nhung 2n? bé sb luong tir.
Forgetting that ms doubles the count: shell n has n? orbitals but 2n? sets of quantum numbers.

2.5. Nguyén 1y, quy tic va cau hinh electron & trang thai co ban — Principles,

rules and ground-state configurations

DINH LUAT 2.13 (Nguyén ly loai trir Pauli) / LAW 2.13 (Pauli exclusion principle) —
Hai electron trong cung mot nguyén tir khong thé c6 cing bo bdn s lugng tir. Hé qua: mdi
orbital chira t6i da hai electron, va hai electron d6 c6 spin ngugc chiéu.

No two electrons in the same atom can have the same four quantum numbers. Consequently each
orbital holds at most two electrons, and those two have opposite spins.

PINH LUAT 2.14 (Quy tic Hund) / LAW 2.14 (Hund's rule) — Trong cic orbital c6 ciing
nang luong, electron chiém riéng timg orbital v6i spin song song trudce, chi ghép doi khi moi
orbital dd c6 mot electron. Pham vi: cac orbital suy bién cua cing mot phan 16p.

Among orbitals of equal energy, electrons occupy separate orbitals with parallel spins first, and pair
up only when every orbital already holds one. Scope: the degenerate orbitals of one subshell.

PINH LUAT 2.15 (Nguyén ly virng bén) / LAW 2.15 (Aufbau principle) — O trang thai co
ban, electron lan luot chiém céc orbital c6 ning lugng tir thip 1én cao, mdi orbital theo
nguyén ly Pauli.

In the ground state electrons fill orbitals from lowest to highest energy, each orbital obeying the Pauli
principle.

DINH LUAT 2.16 (Quy tic Klechkowski) / LAW 2.16 (Madelung (Klechkowski) rule) —
Thir ty ning luong cac phéan 16p ting theo tong n + I; hai phan 16p cung n + 1 thi phan 16p c6 n
nho hon thip hon. Thir ty dién: 1s 2s 2p 3s 3p 4s 3d 4p 5s 4d 5p 6s 4f 5d 6p 7s 5f 6d 7p. Pay
1a quy tac thuc nghiém, c6 ngoai 1é (tinh chat 2.17).

The energy order of subshells rises with n + [; for equal n + [ the subshell with smaller n is lower.
Filling order: Is 2s 2p 3s 3p 4s 3d 4p 5s 4d 5p 6s 4f 5d 6p 7s 5f 6d 7p. This is an empirical rule with
exceptions (property 2.17).
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1=0(¢s) I=1() 1=2(d) 1=3(D

n=1 Is
1
n=2 2s 2p
2 3
n=3 3s 3p 3d
4 5 7
n=4 4s 4p 4d 4f
6 8 10 13
n=5 S5s 5p 5d 5t
9 11 14 17
n=6 6s 6p 6d
12 15 18
n=7 7s p
16 19

1,2,3,...=tha tu dién / filling order

Hinh 2.4. Cac phan 16p theo 16p n va loai I; s6 nho 1a thi tu dién theo n + I, dwdng chim nbi cac
phén 16p cung n + L.
Figure 2.4. Subshells by shell n and type I; the small number is the filling order by n + [, dotted lines join
subshells of equal n + L.

CAu hinh electron viét cac phan 10p theo n ting dan, sb electron ghi lam chi sb trén:
nitrogen 1s22s22p?, viét gon [He]2s22p>. Dang 6 orbital cho thay spin: & N, ba electron 2p
nam riéng trong ba 6, cung chiéu (1 1 1), theo quy tic Hund. Phosphorus & 3p 1a 3
electron dgc than; sulfur ¢ 3p c6 4 electron: 1| 1 1, hai electron doc than.

An electron configuration lists the subshells by increasing n with the electron count as a
superscript: nitrogen 1s°2s°2p°, abbreviated [He]2s’2p°. The orbital-box form shows spin: in N
the three 2p electrons sit in three separate boxes with parallel spins (1 1 1), following Hund's
rule. Phosphorus has 3 unpaired electrons in 3p; sulfur has 4 electrons in 3p: 1] 1 1, so 2
unpaired.

TINH CHAT 2.17 (Ngoai 1€ cAu hinh) / PROPERTY 2.17 (Configuration exceptions) —
Ngoai 18 trong diy 3d, 4d: khi cac phan 16p (n—1)d va ns gan nhau vé ning luong, nguyén tir
c6 thé chuyén mot electron tir ns sang (n—1)d dé dat d’ (ntra ddy) hodc d'° (day). Cac ngoai 18
trong pham vi Z < 54: Cr 3d°4s!, Cu 3d'%4s!, Nb 4d*5s!, Mo 4d°5s!, Ru 4d’5s!, Rh 4d35s!, Pd
44'°, Ag 4d'°5s!,

Exceptions in the 3d and 4d rows: when the (n—1)d and ns subshells are close in energy, an atom may
move one electron firom ns to (n—1)d to reach & (half full) or d'’ (full). The exceptions with Z < 54
are: Cr 3d°4s', Cu 3d'%4s’, Nb 4d*5s', Mo 4d°5s', Ru 4d’5s’, Rh 4d°5s’, Pd 4d"°, Ag 4d"’5s’.

7 Nguyén t6 Céu hinh rit gon Electron doc than
Element Short configuration Unpaired electrons

21 Sc [Ar]3d'4s?

1
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Element Short configuration Unpaired electrons
2 Ti [Ar]3d%4s> 2
23 \Y [Ar]3d’4s? 3
24 Cr [Ar]3d4s! 6
25 Mn [Ar]3d°4s? 5
26 Fe [Ar]3d¢4s? 4
27 Co [Ar]3d"4s? 3
28 Ni [Ar]3d*4s? 2
29 Cu [Ar]3d'%4s! I
30 Zn [Ar]3d!%4s? 0
39 Y [Kr]4d'5s2 I
40 7r [KrJ4d?5s? 2
41 Nb [Kr]4d*ss! 5
% Mo [Kr]4d’ss! 6
8 Te [Kr]4d’5s> 5
44 Ru [Kr]4d’5s! 4
45 Rh [Kr]4d®ss! 3
46 pd [Kr]4d!0 0
47 Ag [Kr]4d'05s' 1
48 cd [Kr]4d!05s2 0

NHAN XET / REMARK — Quy tic n + | cho thir tw dién, nhung khong phai thir tw ning
luong tuyét di trong moi nguyén tir. Danh sach ngoai 1é & tinh chat 2.17 xac dinh bang thuc
nghiém; phai thudc, khong suy ra tir quy téc.

The n + [ rule gives a filling order, not the energy order in every atom. The exceptions in property
2.17 are fixed by experiment: they must be memorised, not derived from the rule.

PHAN TICH / ANALYSIS — Céc dir kién dém theo loai electron (s, p,d)va s6 electron ddc
than. S6 electron s chia nhé g vién: dém s theo c4u hinh rat gon. Sau d6 chi can xét cac
nguyén t6 ing vién, nhé ring ngoai 1é Cr va Cu thay dbi ca s6 s 1an s6 electron doc than.

The data count electrons by type (s, p, d) and unpaired electrons. The s count narrows the candidates:
count s from the configuration. Then check only the candidates, remembering that the exceptions Cr
and Cu change both the s count and the unpaired count.
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VI DU 2.6 (Xéc dinh nguyén t6 tir cAu hinh) / EXAMPLE 2.6 (Identifying an element
from its configuration) — Nguyén tir cia nguyén t6 X (Z < 54) ¢ trang thai co ban c6 téng 7
electron thudc cac phan 16p s va c6 6 electron doc than. Xéac dinh X va viét ciu hinh electron.
An atom of element X (Z < 54) in the ground state has 7 electrons in s subshells in total and 6
unpaired electrons. Identify X and write its configuration.

Loi giai. / Solution.
1. Cac phan 16p s day trudc 4s 1a 1s, 2s, 3s: 6 electron. Tong 7 nghia 14 4s ¢6 dung 1
electron va 5s trong.

The s subshells before 4s are Is, 2s, 3s: 6 electrons. A total of 7 means 4s holds exactly 1
electron and 5s is empty.

2. Ung vién: K ([Ar]4s', 1 electron ddc than), Cr ([Ar]3d°4s', 6 electron doc than), Cu
([Ar]3d!'%4s!, 1 electron doc than).
Candidates: K ([Ar]4s!, 1 unpaired), Cr ([Ar]3d’4s’, 6 unpaired), Cu ([Ar]3d''4s', 1
unpaired).
3. Chi Cr c6 6 electron ddc than: 3d’ cho 5 va 4s' cho 1.
Only Cr has 6 unpaired electrons: 3d’ gives 5 and 4s' gives 1.
Vay X 1a Cr (Z = 24), c4u hinh 1522522p%3s23p®3d34s’.
Hence X is Cr (Z = 24), with configuration 1s°2s°2p®3s°3p®3d°4s’. m

2.6. Cau hinh ion kim loai chuyén tiép va tir tinh — Configurations of transition-
metal ions and magnetism

TINH CHAT 2.18 (CAu hinh cation) / PROPERTY 2.18 (Cation configurations) — Khi
tao cation, electron bi mét trudc hét 13 electron & 16p n 16n nhat (v6i kim loai chuyén tiép:
electron ns trude, rdi méi toi (n—1)d). Khi tao anion, electron thém vao orbital trong c6 ning
luong thap nhat.

When a cation forms, electrons are lost first from the shell with the largest n (for transition metals: ns
electrons first, then (n—1)d). When an anion forms, electrons are added to the lowest empty orbital.

Ly do nam & quy tac Slater (muc 2.7): khi 3d da c6 electron, né bi hat nhan hiat manh hon
4s nén nam thap hon 4s. Dang viét: Fe: [Ar]3d®4s? — Fe?': [Ar]3d® (khong phai 3d*4s?).

The reason lies in Slater's rules (section 2.7): once 3d holds electrons, the nucleus pulls on it
harder than on 4s, so it lies below 4s. Written out: Fe: [Ar]3d°4s’ — Fe’": [Ar]3d° (not 3d*4s°).

DINH NGHIA 2.19 (Thuin tir va nghich tir) / DEFINITION 2.19 (Paramagnetism and
diamagnetism) — Chat thuan tir bi hiit vao tir trudng vi c6 electron doc than; chit nghich tir
¢6 moi electron ghép d6i va bi ddy nhe ra khoi tir trudng. Vi ion ¢6 n electron doc than,
moment tir chi-spin 14 ps = \(n(n+2)) magneton Bohr (BM).

A paramagnetic substance is drawn into a magnetic field because it has unpaired electrons; a
diamagnetic substance has all electrons paired and is weakly repelled. For an ion with n unpaired
electrons the spin-only magnetic moment is ii; = \(n(n+2)) Bohr magnetons (BM).

us=V(n-(n +2)) (BM) (2.11)
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ViDU 2.7 (Céu hinh ion va tir tinh) / EXAMPLE 2.7 (Ion configurations and
magnetism) — Viét cau hinh electron cua cac ion Mn?*, Co?*, Cu*, V3* & trang thai khi c6 lap;
cho biét s6 electron doc than, tinh chat tir va moment tir chi-spin; xép cac ion theo moment tir
tang dan.

Write the electron configurations of the gaseous ions Mn’*, Co®*, Cu", V**; give the number of
unpaired electrons, the magnetic behaviour and the spin-only moment, rank the ions by increasing
moment.

Loi giai. / Solution.
1. Mn (Z = 25) [Ar]3d°4s%; Mn?" mat 2 electron 4s: [Ar]3d, 5 electron ddc than, s =
V35~ 5,92 BM.

Mn (Z = 25) [Ar]3d°4s?; Mn** loses the two 4s electrons: [Ar]3d°, 5 unpaired, us = 35 =
5.92 BM.

2. Co (Z =27) [Ar]3d"4s2; Co>": [Ar]3d’, 3 electron doc than (6: 1) 1| 11 1), us = V15 =
3,87 BM.
Co (Z = 27) [Ar]3d74s%; Co**: [Ar]3d’, 3 unpaired (boxes: T} 11 11 1), us =15~ 3.87
BM.

3. Cu (Z =29) [Ar]3d'%4s!; Cu* mat electron 4s: [Ar]3d'?, 0 electron ddc than, nghich
tu, ws = 0.
Cu (Z = 29) [Ar]3d"4s’; Cu" loses the 4s electron: [Ar]3d"’, 0 unpaired, diamagnetic, us =
0.

4.V (Z = 23) [Ar]3d34s%; V3*: [Ar]3d2 2 electron doc than, ps = V8 = 2,83 BM.
V (Z = 23) [Ar]3d%4s?; V3*: [Ar]3d2, 2 unpaired, iis = N8 =~ 2.83 BM.
Vay Cu* (0) < V3* (2,83) < Co?* (3,87) < Mn** (5,92 BM); chi Cu" nghich tir, ba ion cOn
lai thuan tir.
Hence Cu™ (0) < V3 (2.83) < Co’* (3.87) < Mn** (5.92 BM), only Cu" is diamagnetic, the other
three are paramagnetic. B

LOI HAY GAP / COMMON MISTAKE — Liy cdu hinh nguyén tir trung hoa dé suy ra ciu
hinh ion: Fe3* viét thanh 3d34s2. Phai bo 4s trude, duoc 3d5.
Building an ion from the neutral-atom pattern: writing Fe’* as 3d°4s>. The 4s electrons go first, giving

3d.

LOI HAY GAP / COMMON MISTAKE — Dém electron doc than bang cach dém sb
electron d ma khong 4p dung quy tic Hund: d7 ¢6 3 electron doc than chir khong phai 7, vi 4
electron da ghép doi.

Counting unpaired electrons as the number of d electrons without Hund's rule: d’ has 3 unpaired
electrons, not 7, because 4 of them are paired.

2.7. Quy tac Slater: dién tich hat nhan hiéu dung va ning luwong orbital -
Slater's rules: effective nuclear charge and orbital energy
Trong nguyén tir nhiéu electron, mdi electron bi cic electron khac che chin bét lyc hit

cua hat nhan. Lyc hut con lai tac dung 1én electron twong duong véi mot hat nhan c6 di¢n
tich thu nho.
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In a many-electron atom each electron is partly shielded from the nucleus by the others. The
remaining attraction is equivalent to that of a nucleus with a reduced charge.

DINH NGHIA 2.20 (Dién tich hat nhin hiéu dung) / DEFINITION 2.20 (Effective
nuclear charge) — Pién tich hat nhan hi€u dung ctia mét electron 1a Zer = Z — S, trong d6 S 1a
hang s chén, tong dong gop che chin cua cac electron con lai.

The effective nuclear charge of an electron is Zyy = Z — S, where S is the shielding constant, the total
shielding contributed by the other electrons.

Zett =7 —S (2.12)

PINH LUAT 2.21 (Quy tic Slater) / LAW 2.21 (Slater's rules) — Chia electron thanh cac
nhom theo thir tu (15)(2s,2p)(3s,3p)(3d)(4s,4p)(4d)(41)(5s,5p)... Vi electron dang xét:
electron & nhoém bén phai dong gop 0. Mdi electron khac cing nhém déng gop 0,35 (riéng
nhom 1s: 0,30). Néu electron xét thudc nhém ns, np: mdi electron & 16p n — 1 déng gop 0,85,
mdi electron & 16p n — 2 trd vao dong gop 1,00. Néu electron xét thudc nhom nd hodc nf: moi
electron & cac nhom bén trai dong gop 1,00.

Group the electrons in the order (1s)(2s,2p)(3s,3p)(3d)(4s,4p)(4d)(4/)(5s,5p) ... For the electron under
study: electrons in groups to the right contribute 0. Each other electron in the same group contributes
0.35 (0.30 for the 1s group). If the electron is in an ns or np group, each electron in shell n — 1
contributes 0.85 and each electron in shell n — 2 or lower contributes 1.00. If it is in an nd or nf
group, all electrons in groups to the left contribute 1.00.

TINH CHAT 2.22 (Niing lrgng orbital theo Slater) / PROPERTY 2.22 (Slater orbital
energy) — Nang luong cuia electron 1a E = —En (Zeti/nerr)?, voi nese = 1, 2, 3, 3,7, 4,0, 4,2 Gng
véin=1,2,3,4,5, 6. Nang lugng toan phﬁn cua nguyén tir udc tinh béng téng E cua moi
electron, va ning lugng ion hoa bang hiéu Eine ctia ion voi Egng clia nguyén tir. Day 1a
phuong phap ban thyc nghiém: sai l&ch tir vai phan trim (Ca, Rb) dén hang chuc phan trim
(Na, Mg, Al).

The energy of an electron is E = —Ep*(Ze/nep)?, with ney =1, 2, 3, 3.7, 4.0, 4.2 forn =1, 2, 3, 4, 5, 6.
The total energy of the atom is estimated as the sum of E over all electrons, and the ionisation energy
is the difference between E o of the ion and of the atom. This is a semi-empirical method: the error
ranges from a few per cent (Ca, Rb) to tens of per cent (Na, Mg, Al).

E = —En-(Zet/ner)*  (eV) (2.13)
IE = Etsng(ion) — Etsng(nguyén tir) (2.14)

PHAN TICH / ANALYSIS — Hoi so sanh mtic ning lugng cua hai phan 16p trong cling
nguyén tir: tinh Zer cho mot electron & mdi phan 16p theo (2.12) va quy tac Slater, rdi E theo
(2.13). Chu ¥ nefr cuia 4s 1a 3,7, khac 4, va 3d dung n = 3.

The question compares two subshell energies in one atom: compute Zqy for one electron in each
subshell by (2.12) and Slater's rules, then E by (2.13). Note that ney for 4s is 3.7, not 4, and 3d uses n
=3

Vi DU 2.8 (Slater: 4s so véi 3d & K) / EXAMPLE 2.8 (Slater: 4s versus 3d in K) — V&i
nguyén tir K (Z = 19), dung quy tic Slater so sanh ning luong cua electron 4s va cta electron
gia thiét & 3d. Tir d6 cho biét electron cudi ciing ctia K vao phan 16p nao.
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For the K atom (Z = 19), use Slater's rules to compare the energy of a 4s electron with that of a
hypothetical 3d electron. Say which subshell the last electron of K enters.

Loi giai. / Solution.

1. Electron 4s trong [Ar]4s': nhom 3s, 3p (8 electron) & 16p n — 1 dong gop 0,85; 16p n —
2 (1s, 2s, 2p: 10 electron) dong gop 1,00. S=8 x 0,85+ 10 = 16,8, Zerr =19 — 16,8 =
2,2.

A 4s electron in [Ar]4s!: the 3s, 3p group (8 electrons) in shell n — I contributes 0.85 each;
shell n — 2 (1s, 2s, 2p: 10 electrons) contributes 1.00 each. S =8 x 0.85 + 10 = 16.8, Zey =
19—-16.8=22.

2. E(4s) =—13,6 x (2,2/3,7)> =~ —4,81 eV.

E(4s) = —13.6 x (2.2/3.7)*’= —4.81 eV.

3. Electron 3d gia thiét ([Ar]3d"): moi electron & cac nhom bén trai (18 electron) dong

gop 1,00; S =18, Zsr= 1,0.
A hypothetical 3d electron ([Ar]3d'): all 18 electrons in groups to the left contribute 1.00; S
=18, Zey= 1.0.
4. E(3d) =-13,6 x (1,0/3)*=~—1,51 eV.
E@3d) =—13.6 x (1.0/3)’=—1.51 eV.
Viy 4s (—4,81 eV) thap hon 3d (—1,51 eV); electron cudi cta K vao 4s, cAu hinh [Ar]4s'.
Hence 4s (—4.81 eV) lies below 3d (—1.51 eV); the last electron of K enters 4s, giving [Ar]4s’.
|

PHAN TICH / ANALYSIS — Mudn biét electron nao mat trude & Ti, tinh Zegr va E cho mot
electron 4s va mot electron 3d trong Ti ([Ar]3d?4s?). Phan 16p c6 nang lugng cao hon 1a phan
16p mat electron truée. Can than & nhom 3d, electron 4s khong che chin 3d.

To see which electron Ti loses first, compute Zyyand E for one 4s and one 3d electron in Ti
([Ar]3d’4s’). The subshell of higher energy loses its electron first. In the 3d group the 4s electrons do
not shield 3d.

Vi DU 2.9 (Slater va thir ty mit electron) / EXAMPLE 2.9 (Slater and the order of
electron loss) — V6i Ti (Z = 22, [Ar]3d?4s?) tinh Ze va ndng lugng cia mot electron 4s va
moét electron 3d theo Slater. Giai thich vi sao Ti** ¢6 cAu hinh [Ar]3d2.

For Ti (Z = 22, [Ar]3d’4s’) find Z5 and the energy of one 4s and one 3d electron by Slater's rules.
Explain why Ti*" has the configuration [Ar]3d".

Loi giai. / Solution.

1. Electron 4s: electron 4s con lai 0,35; 16p n — 1 (3s, 3p, 3d: 2+ 6 + 2 = 10 electron) 10
x 0,85 =28,5;16pn—2 trod vao 10 x 1,00 = 10. S = 18,85; Zerr = 3,15.
4s electron: the other 4s electron 0.35; shell n — 1 (3s, 3p, 3d: 2+ 6 + 2 = 10 electrons) 10
X 0.85 = 8.5, shell n — 2 and below 10 x 1.00 = 10. S = 18.85; Zefr = 3.15.

2. E(4s)=-13,6 x (3,15/3,7>=-9,86 eV.
E(4s) = —13.6 x (3.15/3.7)>= —9.86 eV.

3. Electron 3d: electron 3d con lai 0,35; 18 electron & 1s dén 3p dong gop 18 x 1,00;
electron 4s khong tinh. S = 18,35; Zr = 3,65.

Tai li€u nay dugc bién soan boi doi ngii cuia website: https://globalmarket.vin
Trang 52



Hoéa hoc 10 cho Ga choi / Olympiad Chemistry for Grade 10

3d electron: the other 3d electron 0.35; the 18 electrons from Is to 3p contribute 18 % 1.00;
the 4s electrons count 0. S = 18.35; Zey = 3.65.

4. B(3d) = —13,6 x (3,65/3)2 = —20,1 eV.
E(3d) = —13.6 x (3.65/3)2= —20.1 eV.

Vay trong Ti, 3d (—20,1 eV) thap hon 4s (—9,86 eV): hai electron 4s, & mirc cao hon, mét
trude, nén Ti*" 1a [Ar]3d2.

Hence in Ti the 3d level (—20.1 eV) lies below 4s (—9.86 eV): the two 4s electrons, being higher,
go first, so Tt is [Ar]3d°. ®

Vi DU 2.10 (Niing lwong ion héa theo Slater) / EXAMPLE 2.10 (Ionisation energy by
Slater's rules) — Dung quy tic Slater u6c tinh ning lwong ion héa thir nhit va th hai cia Li
(1s22s'), so v6i thuc nghiém 5,39 eV va 75,64 e¢V. Hai két qua cho biét gi vé s6 electron hoa
tri cua Li?

Use Slater's rules to estimate the first and second ionisation energies of Li (1s°2s') and compare with

experiment, 5.39 eV and 75.64 eV. What do the two results say about the number of valence electrons
of Li?

Loi giai. / Solution.

1. Li: electron 2s ¢c6 S =2 x 0,85 = 1,70, Zssr = 1,30. E(2s) = —13,6 x (1,30/2)>* = =5,75
eV. Bo electron 2s khong d6i E cua 1s, nén IE; = 5,75 eV (thuc nghiém 5,39 eV, 1éch
khoang 7 %).

Li: the 2s electron has S =2 x 0.85 = 1.70, Zey = 1.30. E(2s) = —13.6 % (1.30/2)?’= —5.75
eV. Removing it does not change E of 1s, so IE; = 5.75 eV (experiment 5.39 eV, about 7 %

off)-
2. Li" (1s?): mdi electron 1s ¢6 S = 0,30; Zer = 2,70; Ewng = 2 x (—13,6 x 2,70?) ~ —198,3
eV.

Li* (1s°): each s electron has S = 0.30; Zefr = 2.70; Etorar = 2 % (—13.6 x 2.70%) = —198.3
ev.

3. Li** (1s!): hé mot electron, E =—13,6 x 32=—-122,4 e¢V.1E, =—122,4 — (—198,3) =
75,9 eV (thuc nghi¢m 75,64 eV).
Li** (Is!): a one-electron system, E = —13.6 x 3> = —122.4 eV. I[E; = —122.4 — (—198.3) =
75.9 eV (experiment 75.64 eV).

Vay IE; = 5,75 eV, IE2 = 75,9 eV. Budc nhay IE»/IE; = 13 cho thiy electron thir hai nam
¢ 16p trong, nén Li chi c6 1 electron hoa tri.

Hence IE; = 5.75 eV and IE> = 75.9 eV. The jump IE2/IE; = 13 shows that the second electron
sits in an inner shell, so Li has only 1 valence electron. W

NHAN XET / REMARK — Slater cho két qua tot voi K, Ca, Rb nhung 1éch nhiéu véi Na,
Mg, Al va phi kim chu ky 3. Mot han ché ctia phuong phap: n6 gan chung Zeg cho electron s
va p cung 16p, nén bod qua viée orbital s xuyén sdu vao gan hat nhan hon orbital p.

Slater's rules work well for K, Ca and Rb but deviate strongly for Na, Mg, Al and the period 3 non-
metals. One limitation: the method gives s and p electrons of the same shell a common Zey, and so
ignores that an s orbital penetrates closer to the nucleus than a p orbital.
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LOI HAY GAP / COMMON MISTAKE — Tinh hing s6 chin cho electron nd ma van cho
electron ns, np cung 16p che chin 0,85. V&i nd, nf: moi electron & nhém bén trai, ké ca ns, np
cung 16p, dong gop 1,00.

Computing S for an nd electron while still giving the ns, np electrons of the same shell 0.85. For nd
and nf, every electron in the groups to the left, including ns and np of the same shell, contributes 1.00.

LOI HAY GAP / COMMON MISTAKE — Diing n thay cho nesr khi n > 4: 4s phai ding nefe
= 3,7, khong phai 4.
Using n instead of ney for n > 4. 4s needs ney = 3.7, not 4.

Bang chién lwgee — Strategy table

PHAI THUQC / MEMORISE — Thir ty dién: 1s 2s 2p 3s 3p 4s 3d 4p 5s 4d 5p 6s 4f 5d 6p
7s. Khi tao ion duwong cta kim loai chuyén tiép, electron ns bi l4y truéc electron (n — 1)d.
Ngoai 1€ thuong gap: Cr, Cu, Mo, Ag (d’s!, d'%?).

Filling order: Is 2s 2p 3s 3p 4s 3d 4p 5s 4d 5p 6s 4f 5d 6p 7s. When a transition metal forms a cation,

the ns electrons are removed before the (n — 1)d electrons. Common exceptions: Cr, Cu, Mo, Ag (d’s’,
d'’s’").

Diu hi¢u trong dé Cong cu nén thir Vi du
Sign in the problem Tool to try Example

lonmotelectron, chon, Z, 5 41 5 4y (2.5) va hé thire 1240

a 2.1,2.2
hodic 2 o (2.3), (2.4), (2.5) and the 1240 relation ’
One-electron ion, given n, Z or
Electron bi but ra, hi toc do,

A Can bang nang lugng, roi A = h/(m-v) 23.2.4
Ejected electron, asks for speed  Energy balance, then A = h/(m-v) R
or A
Pém electron theo n, 1

em ? cetron theo 1, 1, i, Ms Liét ké (n, 1), loai cap sai, d&m orbital
Counting electrons by n, I, my, 2.5

List (n, 1), drop invalid pairs, count orbitals

ms

Tim nguyén td tir 6 electron  CAu hinh rat gon, thu g vién, xét

s, p, d, doc than ngoai I¢ 26

Find an element from s, p, d and = Short configuration, narrow candidates,

unpaired counts check exceptions

Céu hinh ion, tir tinh B6 ns trude, Hund, pis = V(n(n+2)) 27

Ion configuration, magnetism Remove ns first, Hund, u; = \/(n(n+2)) '

So sanh mirc nang lugng hai

phan 16p g luong Zir theo Slater, E = —13,6(Zcti/Netr)? 2829
Slater Zog, E = —13.6(Zeg/nep)? T

Compare two subshell energies R (Zey/nep

Udc tinh IE, budc nhay IE Hiéu Eéne ctia ion va nguyén tir 510

Estimating IE, IE jump Difference of Eioii of ion and atom '
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Tiéng Anh

English

Giai thich ngin
Short definition

Thuéat ngir

Term (Vietnamese)

mo hinh hé¢ mot electron c6 quy dao dung
luong tir hoa

M6 hinh Bohr Bohr model _ , .
one-electron model with quantised stationary
orbits

~ \ . . quy dao ma electron khong buc xa
tat t

Qmy ez i SUEEET @ orbit on which the electron does not radiate

L . ban kinh quy daon=1 cua H, 0,529 A
Bin kinh Bohr Bohr radius radius of the n = 1 orbit of H, 0.529 4

3 I Ry =1,097: 10"m™!
Hang so6 Rydberg Rydberg constant Ry = 1.097-10" m!
Diy Lyman Lyman series cac vach chuyén vé n = 1, tir ngoai

lines ending at n = 1, ultraviolet

nang lugng tach electron ra vo cuc

Nang luong ion hoa o
energy to remove an electron to infinity

Ionisation energy
A =h/(m-v) cta hat vi mo

Budc song de Brogli
© Song de Broglie A = h/(m-v) of a microscopic particle

de Broglie wavelength

gi61 han d6 chinh xac dong thoi ctia x va p

Nguyén Iy bét dinh Uncertainty principle
guyeny ) yP P limit on knowing x and p together
. N . . ham séng ciia mot electron trong nguyén tu
Orbital nguyén tir Atomic orbital : g. o . & gty
wavefunction of one electron in an atom
P L Principal quantum n, xac dinh 16p electron
SO lugng tir chinh patd i Jop

S6 lugng tir tir

number

Magnetic quantum
number

n, fixes the electron shell

my, hudng cua orbital
my, orientation of the orbital

mat ma |y|? bang 0

Mat nut Nodal surface )
surface where |y|? is zero
A 1 Tt e . Pauli exclusion khéng hai electron cing bdn sé luong tir
Nguyén ly loai trir Pauli . g 8 -
principle no two electrons share four quantum numbers
£ spin song song trudc khi ghép doi
Quy tac Hund Hund's rule p & . & . ghep
parallel spins before pairing
A1y~ N o dién electron tir muc thap 1én cao
Nguyén ly viing bén Aufbau principle p

filling from the lowest level upwards

electron chiém riéng mot orbital

Electron ddc than . .
electron alone in an orbital

Unpaired electron

c6 electron ddc than, bi tir truong hut

Thuéan tu
) has unpaired electrons, drawn into a field

Paramagnetic
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Thuéat ngir Tiéng Anh Giai thich ngin
Term (Vietnamese) English Short definition

S trong Zesr=7Z — S
SinZy=72-S

Hang s6 chin Shielding constant

Pién tich hat nhan hiéu ) dién tich hat nhan ma electron cam nhan
Effective nuclear charge .
dung nuclear charge felt by an electron

2.8. Bai tw luyén - Practice problems
Mirc 1 — Hoc sinh gioi cf'lp tinh — Level 1 - Provincial olympiad

Bai 2.1/ Problem 2.1 — Mot ion mét electron & muc n = 3 ¢6 nang lugng —122,4 eV. a) Xac
dinh ion. b) Tinh ning luong ion héa tir trang thai co ban. ¢) Tinh ban kinh quy daon =1 (A)
va budc séng cua vach 2 — 1 (nm). Cho ap = 0,529 A, Ry =1,097-10" m ™.

A one-electron ion in level n = 3 has energy —122.4 eV. a) Identify the ion. b) Find the ionisation
energy from the ground state. c) Find the radius of the n = 1 orbit (4) and the wavelength of the line 2
to 1 (mm). ap=0.529A4 Ry =1.097-10" m™".

Bai 2.2 / Problem 2.2 — Viét cAu hinh electron (dang diy du hodc rat gon [khi hiém]) ctia Mo
(Z =42), ion Ag* (Z = 47) va ion Co*" (Z = 27) & trang thai khi. Cho s electron doc than,
tinh chat tir, va moment tir chi-spin ctia Co3".

Write the electron configuration (full or noble-gas abbreviated) of Mo (Z = 42), the ion Ag" (Z = 47)
and the ion Co®" (Z = 27) in the gas phase. Give the number of unpaired electrons, the magnetic
behaviour, and the spin-only moment of Co’".

Bai 2.3 / Problem 2.3 — a) B sb lugng tr (n, 1, mi, ms) nao sau day hop 1¢: (3, 3, 0, +1/2); (4,
2,-3,+1/2); (2, 1,0,—1/2); (5, 0,0, 0)? b) Lép n =5 chira tdi da bao nhiéu electron, trong do
bao nhiéu electron ¢6 1 =3? c¢) Lop n = 4 c6 bao nhiéu electron véi m; = 0?

a) Which of these sets (n, [, mi, my) is valid: (3, 3, 0, +1/2); (4, 2, =3, +1/2); (2, 1, 0, —1/2); (5, 0, 0,
0)? b) How many electrons can the shell n = 5 hold, and how many of them have | = 3? ¢) How many
electrons of the shell n = 4 have m; = 0?

Mikc 2 — Hoc sinh giéi qudc gia — Level 2 — National olympiad

Bai 2.4 / Problem 2.4 — Mot mau khi chira ion N®* bi kich thich 1én n = 5 rdi phat xa vé moi
muc thép hon. a) Co tdi da bao nhiéu vach, bao nhiéu vach thudc day két thic 6 n=1? b)
Tinh budc song dai nhit va ngin nhat trong cac vach do, va ning luong photon tmg v6i vach
ngan nhat. Cho Ry = 1,097-10" m™*.

A gas sample containing N°" ions is excited to n = 5 and emits in drops to every lower level. a) What
is the largest number of lines, and how many belong to the series ending at n = 1?7 b) Find the longest
and shortest wavelengths among them, and the photon energy of the shortest. Ry = 1.097-10" m™".

Bai 2.5/ Problem 2.5 — Nguyén tu hydrogen Rydberg ¢ n = 100. Tinh: a) ban kinh quy dao
(um) va ning luong lién két (meV); b) budc song, tan sb cta photon khi electron chuyén tir n
=100 xudng n = 99 va ving phd ciia n6. Cho ap= 0,529 A, h = 6,626-1073* J-s, ¢ = 2,998- 108
m/s.

A Rydberg hydrogen atom is in n = 100. Find: a) the orbit radius (um) and the binding energy (meV);
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b) the wavelength and frequency of the photon emitted in the drop from n = 100 to n = 99 and its
spectral region. ap = 0.529 A, h = 6.626:107* J-s, ¢ = 2.998-10° m/s.

Bai 2.6 / Problem 2.6 — Nguyén tir cia nguyén t6 X (Z < 54) & trang thai co ban ¢ 24 orbital
chira electron (ké ca orbital chi c6 mét electron) va 5 electron ddc than. a) Ching minh bang
vét can rang X 1a duy nhét, va xac dinh X. b) Viét cau hinh ion X2* va X7, sb electron doc
than ctia mdi ion.

An atom of element X (Z < 54) in the ground state has 24 orbitals containing electrons (counting
orbitals with a single electron) and 5 unpaired electrons. a) Show by exhaustive search that X is
unique, and identify X. b) Give the configurations of X** and X’* and the number of unpaired
electrons in each ion.

Mirc 3 — Olympic quf')c té — Level 3 — International olympiad

Bai 2.7 / Problem 2.7 — Duing quy tac Slater (netr = 3,7 cho n = 4) udc tinh nang lugng ion
héa thr nhit va thi hai cia Ca (Z =20, [Ar]4s?). So voi thye nghiém 6,11 eV va 11,87 eV,
tinh sai 1éch twong d6i, va giai thich vi sao IE, > IE; du ca hai déu tach electron 4s.

Use Slater's rules (ney = 3.7 for n = 4) to estimate the first and second ionisation energies of Ca (Z =
20, [Ar]4s®). Compare with experiment, 6.11 eV and 11.87 eV, give the relative deviations, and
explain why IE> > IE; although both remove a 4s electron.

Bai 2.8 / Problem 2.8 — Ap dung mé hinh Bohr vé&i khéi lugng riit gon p = m;-mo/(m; + my)
thay cho me: E; =—13,6-(Wme)/n? eV, r, = n*-ap*(me/p). Cho my, = 206,77 me, mp, = 1836,15
me. a) Positronium (e~ va e*): tinh Ey, r1 va budc séng vach 2 — 1. b) Hydrogen muon (u~ va
proton): tinh p/me, E; va 11 (pm); r1 nhé hon ban kinh Bohr bao nhiéu 1an?

Apply the Bohr model with the reduced mass u = m;-my/(m; + mz) in place of m.: E, = —13.6-(w/me)/n?
eV, ra = n*ap(mJ/w). Take m, = 206.77 me, my = 1836.15 me. a) Positronium (e” and e"): find Ei, r/
and the wavelength of the 2 to 1 line. b) Muonic hydrogen (1~ and a proton): find w/m., E; and r;
(pm),; by what factor is r; smaller than the Bohr radius?

Bai 2.9 / Problem 2.9 — Ning lugng trao ddi ti 18 véi s6 cdp electron cung chiéu spin: N, =
C(n1, 2) + C(ny, 2). Vi mdi cdp ciu hinh sau, tinh N, (chi tinh c4c electron d va s ngoai cing)
va cho biét N. c6 ung ho ciu hinh thuc nghiém khéng: a) Cr: 3d%4s! so voi 3d*4s%; b) Cu:
3d1%4s! so voi 3d%4s%; ¢) Pd: 4d!0 so véi 4d®5s2. Két luan vé gia tri cua tidu chi nay.

Exchange energy is proportional to the number of pairs of electrons with the same spin: N, = C(ny, 2)
+ C(ny, 2). For each pair of configurations below calculate N, (counting only the outer d and s
electrons) and say whether N, supports the observed configuration: a) Cr: 3d°4s' against 3d*4s’; b)
Cu: 3d"°4s" against 3d°4s’; c) Pd: 4d"° against 4d°5s’. Draw a conclusion about this criterion.

2.9. Loi giai bai tu luyén — Solutions to practice problems

Bai 2.1 — Problem 2.1
Ez = —13,6-Z2/9 =—-122,4¢eV

1.72=122,4 x9/13,6 =81, nén Z =9: ion 1la F3".
72=122.4 %x9/13.6 =81, so Z = 9: the ion is F*".

2.IE=13,6 x81=1101,6eV =1,10-10°eV.
IE=13.6 x81=1101.6eV=1.10-10°¢V.
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