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Land

r. WeimkenT, HALW ®MH, 11 knacc

Macc-cnekTpomeTpus www.bilimland kz

YyeOHble uenu Ha
AaHHOM ypokKe:

- BCMOMHUTb pasgen-cxemy u paboTy Macc-CnekTpomeTpa;

- MOHUMAaTb Ha 3reMeHTapHOM YpOBHe obpa3oBaHue
MOJEKYNAPHOro MOHa 1 ero nocrieaytoLee pasrnoxeHue;

- YMETb HaT! OTHOCUTENbHYIO MOSEKYISAPHYIO Maccy BELEeCcTBa,
ncxoas U3 ero Macc-cnektpa (yrnpoLeHHbIn);

- YMeTb npeanonaratb CTPYKTYpY BeLLecTBa COrnacHo ero macc-
CMeKTpy.

3apgaum ypoka:

cchopMmpoBaTh 3HAHWUS yYaLLMXCS O NMKax, NofydaemMblx B Macc-
CNEKTPOMETPUN.

Kputepum ycnexa:

yyalwuincs ymeeT MHTEPNpPeTMpoBaTh NMKK, NoryYyaemble B Macc-
CNEKTPOMETPUN.

A3bIKOBbIE Lenu:

MHTEepnpeTaund ydalluMncad ninkoB MaccC-CnekTpoMeTpPpUn.

MpuButue
LleHHOCTeMn:

BOCNUTaHWE akageMU4ecko YECTHOCTU, YBaXKEHUS ApYr K ApYry.

Pa3sButue
rno6anbHou
rpaXkgaHCTBEHHOCT
n:

pa3BuTnE NpPakTn4eCKNX HaBbIKOB.

MexnpeameTHble
CBA3U:

CBS3b C (PU3NKON.

HaBbliku
ncnonb3oBaHUA
UKT:

Wcnonb3oBaHne pecypcos bilimland.kz

NMpeaBaputenbHble
3HaHUA:

COCTaB 1 CTpOeHne atomMa, OTHOCUTESIbHAA aTOMHaA U
MONnEKynapHaa Macca.

Xop ypoka
3annaHm- 3annaHupoBaHHan AeATeNIbHOCTb Ha ypoke Pecypchl
poBaHHbIe
aTanbl
ypoka
Hauano Ypok 1. PasgaTtouH
ypokKa I. Opranu3zanMoHHbIA MOMEHT: CO3aHHUE OJIArOTIPUSTHOU b
3 MUH 00CTaHOBKH pa0OTHI C YUAITUMHUCS. MaTepwuan
«['oBopuTe APYr APYry KOMMMUMEHTbI».
Yyaiwmeca o6pasytoT ABa Kpyra: BHYTPEHHUIN U BHELLHWA.
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10 MUH.

2 MUH.

BHyTpeHHWIA Kpyr ABMXETCS NO YacoBOM CTperike. Yyawuecs
AenarwT apyr Apyry KOMNiemMeHThbl, O TOro MOMeHTa noka
ABWXeHne He nponaeT O4HOro Lukna.

1. MoBTOpPEHME NPOMOAEHHOrO MaTepuana:
Akmueumu: xapTo4ku (npunoxexHune 1)
dPopma AeATeNnbHOCTU: MHANBUOYANbHbLIN
OuyeHuesaHue: B3auMOOLEHMBaHNE, KOMMEHTapUN y4nTers
OnddepeHumauma: B3anmHoe obyyeHue.

MocTaHoBKa Lenein obyyeHus u 3agay ypoka nepeg
yyalmmMmcs.

CepeguHa
ypoka
15 MuH.

10 MUH.

1. O3HakoMJIeHHE ¢ HOBLIM MaTEepPHAJIOM.

®dopmbl u MemoOhbI: Gecena.

Ob6bAcHeHMe yyawmmces:

° IIOBCACHUC SapH)KGHHBIX YJacCTHIl B BHGKTpI/I‘-IeCKOM U MAarHuTHOM
noJie;

° COOTHOIIICHHUEC OTKJIOHCHHS SapﬂHCGHHOﬁ YJaCTHUIbl B MArHUTHOM
I10JIC K MaCCE€ U 3ap;my YaCTUIbI, a TAKXKC K CUJIC MAarHUTHOI'O
noJd,

* Kak paboTaeT Macc-CIeKTPOMETP;

° YTO TAaKOC MaCC-CHeKTp;

° IIOHATHUA 62130BOFO IuKa, MOJIeKyJISIpHOFO HOHAa, OCKOJIOYHOI'O
HOHA, OTHOCUTCIIBHOT'O co;[epncaHmI;

° MaCC-CHGKTpLI 3JICMCHTOB C TOYKU 3peHI/I$I paCHp0CTpaHeHHOCTI/I
B IIPUPOLE;

* oO0mIMe MPU3HAKH MACC-CIIEKTPOB OPTraHMUYECKUX COSTUHCHHIA.

http://bilimland.kz/ru/content/lesson/10203-

mass spektroskopiya 1

+ Kak MCMonb30BaTb MacC-CNeKTpbl, YTOObI onpeaennTb
OTHOCUTESbHYH MOSIEKYNAPHYIO Maccy COEAUHEHNS;

¢ YCTOMYMBOCTb OCKOJSTOYHbIX MOHOB;

« Kak onpeaenuTb Hanbonee BEPOATHLIN XapakTep
dparmeHTaumm;

« KaK OnpeaenuTb CMEKTPbI XNop- 1 6poMcoaepKaLmx
COEUNHEHUN;

+ Kak MCMNonb30BaTb MacC-CNeKTpbl, YTOObI onpeaennTb
OpraHM4yeckme CoeanHEHNS.
http://bilimland.kz/ru/content/lesson/11425-
mass_spektroskopiya 2

2. 3akpensieHHE H3YYEHHOTQ
®PopmbI u MemoObI: 3a0aHus 13 bilimland.kz

Pecypcol
bilimland.kz

Pecypcol
bilimland.kz
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Ha pUCYHKe NOKa3saHo PacnpeaeneHHe nyuKa NONOKATENEHbIX HOHOB HA
TPu nyuKa A, B u C 8 Macc-cneKTpomeTpe. PacnpeaenuTe nyukw Ha:

nepnenauynapHoe

P MaruuTHoe none
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[ 207 (ommsuposanmsii atom dropa)
[=] 127" (rommsmposanman monexyna dropa)
[--+] 2°F;" (asamasi uonnsuposannsii avom dropa)
[7] 192" asam owrsnposanva wanexyns drope)
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WHOH 4acTH ycTpOiCTEa.
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Vicnapese oSl NP BHICOKO/H TeMMEpaTYpe 1 HH3KOM

nasneH
[] o6patorka curmanos perextopa.

[ veopesue nonoxurenssix onos s snexrpuseckom none.
[ Baoa nposs s cnexrponerp

[ Pasnenene womos ¢ pasuei m/z Ha eckonsio nykoe,

[ Mewars wacc-cnexrpa & suae roaguea sasuchvoc conepxann
O OTHOWEHYA M)/Z HOHOS,

[ moeotpasosase welimpanssix atomos u monexyn nposs

5 MONOKATETLHO S2PAXEHHSIE PALHKATsHSIE HOHS.

[ O6nenuere nonowsumensisix uoros c snexrposamm, uro
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HaliyTe SbICOTY HaHGONEE WHTEHCHBHBIX THKOB B MaCC-CreKTpe
wonaTana CHs CHal, HCNOMs3ya nokasaiia AeTekTopa
Macc-CIeKIpOMETpa, H OTBeTbTe Ha BONpoCsl. ONpeRenTe sHaueHHn
€ TONHOCTHO A0 Uemix wHcen.
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Tox | OTHOCHTENBHOE  onynapi HoHon, 623085
(W) - conepaue %o 1o crecrpa?

Ia O Her

29 32
Kakes cossb paspusaecs
1 44 | ] onpouecce gparmentann

5 crexrpoMeTpe?

16 ws [ ] CH c Ol

Macc-criextp wogratta CHaCHal
(Hauonee MiTeHCHBHHIE NAKH)

P T (BT (e [Ty

€ C @ bimesme o 165w

3apanme 1

Mayunre asyx

p 3 WoHaM 060X
COBAMHEHHit H COOTBETCTEYIOLLME OCKONOHHbIM HOHaM.
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oB58388

|

1l
10 20 30 40 50 60 70 €0 90 100
mz

OTHOCHTENH2A MONEKYAPHE MACC3 3NKaHa C MeHsLIER MOTKYON
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Monexynapias Gopmyna ankata 1.
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OnpenenTe sHaveHHs m/z, MPH KOTOPbIX UMEETCA HaHGonee
MHTEHCHBHSI THK, NONYHeHHI B Pe3ynbTaTe GparMeHTaLIMK
MOTEKYAAPHbIX HOHOB B CoBRMHeHMSX. ECnH o6pasyerca asa H Gonee

5 MWH OCKOMOUHbIX HOHa C COMOCTABHMOT! YCTOAHEOCTBN0, MEPEUHCIHTE HX B,

Lo Lo elnlo o]

15 MUH. ik

H,C—CH—CH,~CH,

2verwtyran

H,C=CH~—CH,~CH,~CH,
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. CH,=CH—~CH,
N

15 MUH.

Ypok 2.
PusmuHymka.

3. IlpuMeHeHHe HOBBIX 3HAHMII M YMEHHMII HA MIPAKTHKE.

Akmueumu: KapTo4ku (MpunoxeHune 2)
®dopMbI U MeMOObI: COPEBHOBAHWS
®dopma dessmenbHOCMU: TPyNnoBas
OueHusaHue: B3anmooLeHMBaHVe
HAupepeHyuayus: B3anmoobyyeHue.

Akmueumu: kapToyku (NnpunoxeHue 3)
®dopmbI U MemodbI: TECTUPOBAHME
®dopma desmenibHOCMU: NHONBMAYaNbHas
OuyeHuesaHue: camooLeHBaHWe
HAugpeperHyuayus: B3anmoobyyeHne

PaspaTtoyH
bIV
mMarepwuan

KoHeu ypoka | NoaBeaeHne MTOroB ypoka, BbiCTaBfEHNE OLIEHOK.

5 MUH.
VI.Pecnekcus.

6bIno TpyaHoO...
1 MOHAS, YTO...
1 HAYy4uncs...
S1 CMOT ...

MeHA yamBuno...

O 0O 0O O O O O O

CEroaHsi A ysHar...

MHE 3axoTes10Chb...

6bIno MHTEPEeCHO y3HaTb, 4TO...

VIl. JomalwiHee 3agaHue: KapTOYKN.

AnddepeHumauma — kakum obpasom
Bbl nnaHmpyeTte okasaTb 6onbLue
nogaepxkn? Kakne sagayn Bl
nnaHupyeTe NocTaBuTb nepeq bonee
CNOCOBHbLIMY yYaLMMnca?

OueHuBaHue — kak Bebl
nnaHvpyeTe NpoBepuTb
YPOBEHb YCBOEHUSA
MaTepuana yyawmmmcs?

300poBbE U
cobnoaeHue

TEXHUKA

©e3onacHoCcTU




PaboTta B rpynnax: 6onee cnocobHble Kputepun ycnexa, Kabunet

YYEHUKN OKa3blBalOT NOAAEPXKKY MeHee | HabnoaeHue, obopyaoBaH B

CcnocobHbIM, paboTa B Napax: oka3aHue | KOMMEHTapWM yYalluMxcsa | COOTBETCTBUM C

nogaepxku cnaboycnesaroLmm HopMamu

yyalmnmcs yumTenem. 6esonacHocTw,
cneauTb 3a
OCaHKaMu y4alumxcs

Pedonekcus no ypoky

Bbinn nn uenu ypoka/uenu obyyeHus
peanucTuyHbiMn? Bce nu yvawmecs
pocturnn LUO? Ecnn HeT, TO novemy?
[MpaBunbHO Nu NnpoBeaeHa
andpdepeHumaumna Ha ypoke?
BblaepxaHbl nn 6binm BpeMeHHbIe
aTanbl ypoka? Kakme otctynneHus 6oinm
OT NJiaHa ypoka 1 noyemy?

Obwas oueHka

Kakvne aBa acnekTa ypoka npoLunm XopoLo (nogymanTe, Kak o0 npenogasaHun, Tak n oo
obyyeHumn)?

1:

2:

YTto morno 6bl cnocobcTBOBaTHL YNy4LLEHUIO ypoka (nogymanTe, Kak 0 npenogaBaHum, Tak un
06 06yyeHun)?

1:

2:

UTo g BbIsiBUII(A) 3a BpEMS YpOKa O Krnacce Ui A0CTMXKEHUAX/TPYOHOCTAX OTAENbHbIX
YYEHUKOB, Ha YTO HeobxoaMMo 06paTUTb BHUMAHWE Ha NOCNEeayLWmMX ypokax?




MpunoxeHune Ne 1

THE STRUCTURE OF ATOMS

ATOMS Atoms consist of a number of fundamental particles, the most important are ...
Mass / kg Charge /C Relative mass Relative Charge
PROTON
NEUTRON
ELECTRON
Q. 1 Protons | Neutrons | Electrons | Charge At;t\)lzic Mass No. | Symbol
A 19 19
B 20 Neutral 40
Cc + 11 23
D 6 Neutral
E 92 Neutral 235
F 6 6 13
G 2- 16
H 27 A|3+

Q.Z Calculate the average relative atomic mass of sulphur from the following

isotopic percentages...

0.3

atomicmass is 79.908, calculate the percentage of each isotope present.

328 95%

3S 1%

34S 4%

Need help:- See example calculation on the next page

Bromine has isotopes with mass numbers 79 and 81. If the average relative

Q. 4 Calculate the average relative atomic mass of an element producing the
following peaks in its mass spectrum...

m/z

Relative intensity

62
20

63
25

64
100

65
5




MpunoxeHue Ne 2
Blue Card Game
Students will play the game in teams of two. Each player receives a card from the instructor.
Your goal is to find out the formula mass of the organic compound shown on the card. Once
your have the formula mass, write it on a piece of paper along with your name, your team
member’s name, and the problem numbers of your cards. Raise your hand as soon as you
have both answers completed. | (the teacher) will quickly grade your answers and if you did
not do something correctly, you can do it over. When you get both answers correct, | will
give you a couple of new cards.

Do not write or mark on the cards. Do not use calculators; you only need to add and
subtract simple numbers!

Each team completes a total of four cards correctly. Students who finish early received
additional cards to work on.

Example Blue Card

BrCH,CH,NH,

Yellow Card Game

Each card has a chemical formula; your task will be to graph the relative abundance of the
isotopes of the molecule found in nature. Step 1: Use your isotope table (see appendix x) to
determine the mass and relative abundance of each isotope depending on whether C, Cl,
and/or Br isotopes are present.

Step 2: Calculate the formula mass for each isotope of the molecule (remember the blue
card game).

Step 3: Draw a graph with mass on the x-axis and relative abundance on the y-axis.
Sample Yellow Card

5. Make a graph of the following molecule that shows the
different molecular masses possible and how much of
each mass is found in nature based on the natural
abundance of all isotopes of C, Cl, and Br.

BI'CH2CH2NH2

Green Card Game

On this set of cards you are given a formula mass and a little bit more information and your
7



job is to come up with a formula that is consistent with known bonding properties of some
important organic atoms. Refer to the column on your isotope sheet that says “number of
bonds”; each of the atoms must form the indicated number of bonds when forming an
organic molecule. The formulas that you come up with must be consistent with the bonding
rules on this sheet.

Sample Purple Cards (Warm-up for Green Card Game — Practice Drawing Structural
Formulas)

9. 12. 16.
CHsN CHN C,H7N30

Sample Green Card

5. Find a formula of a compound that contains C, H, and
may have O and/or N.
It contains one isotope of Br.

Formula mass = 123

Pink Card Game

In this card game you will find the output graph from a mass spectrometer indicating the
molecular mass and the relative abundances of each isotope when present. Your task is to
use what you have learned to propose a possible formula for the graphed molecule. Make
sure the molecule can exist before submitting you final answer/s.

Sample Pink Card

M
2
&
o
=
0]
2
5
Q
&
M +2
66 68



MpunoxeHue Ne 3

MASS SPECTROSCOPY —TASK 1

1)  For each of the following signals:

« identify the species responsible for the signal and

« write an equation to show how that species is formed

a) the peak at m/z 29 in propane

b) the peak at m/z 44 in propane

c) the peak at m/z 122 in 2-bromopropane

d) the peak at m/z 43 in 2-bromopropane

e) the peak at m/z 43 in ethyl ethanoate

f) the peak at m/z 57 in 2-chloro-2-methylpropane
g) the peak at m/z 57 in methyl propanoate

2) Identify the ester with the molecular formula C4HsO; 7

I I 1 [ I
0 2 30 40 50 6 70 8 9% 100 110

3) The mass spectrum of butanone is shown.

« identify the species responsible for all the signals shown
* write an equation for the formation of each species

29

I 1 1 T T T T T T T 1
10 20 30 40 5 6 70 8 90 100 110



4) The mass spectrum of methyl butanoate is shown.
« identify the species responsible for all the signals shown 43
« write an equation for the formation of each species

m

20 87

1
10 20 30 40 50 60 70 80 9 100 110

5) The mass spectrum of chloroethane is shown.

« identify the species responsible for signals m/z 66, 64, 51, 49, 29 64
« write an equation for the formation of each species

49

I | T
10 20 30 40 50 60 70 80 9 100 110

6) The mass spectrum of 1-bromopropane is shown.

« identify the species responsible for signals m/z 124, 122, 81, 79,
43 and 29 a
« write an equation for the formation of each species

79 81 122 124

T T T T
10 20 30 40 50 60 70 80 %0 100 110 120
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