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1 3*3*’3’] xro>0aE: HOXKHEZHIT S,
@
+ 51 (force)
YVHREERSELY, PEOEHRBEZEZ-YTERE

EEHIDEE

EBBHD, s Bhoms
Q@NDELE - hOKES ‘ ’
hiFRESLEMEELD( vector )

- AOKREE QUM : Newton ) (BEN)
IN=#100g DBEEETEASLEDADKE & bl
ADIEX: - o o
magni ction point of action
@K% | #LE BT | &5
B EDITRTOPERICZIE, HERHNASEICHETH -
1@ gravity )A%E=5 <, BE ‘ P
w=( )
EH (N) =HE (ke) xC ) (m/s2) ”
gravitational acceleration = myg 51 my Ehmy
B,

HELBEBE— ML EHE HOR7 by (RH) OEEH
e ﬁ )
2.

B & 50kg DIIEICIET B < EAHDKE ST N A, @

®@
@EMISRITENH
- E@HS (normal reaction)
EMT sEmsoPEic, me ¢ : @

perpendicular ) BAMICIEFz5<H
- BE8 A (frictional force)
gaTcmEE ( - parallel ) ZEAmEICIXT=
LE, DEOEMEHTES5ET DN
¥5.EBER B (static frictional force)
¢ ) LTWLWAPEICIZ =5 < BEBH
ENBER ) (kinetic frictional force)
@ ) LTWAIkICIZ -5 < BEEA

12 B ORR

WOBIDEREN [K<HEMTEX/Z] X [FVAZVEETEXZ] LBEXTHY, EEIZLSHHA
RO AN EIZE > T, MBENEROEBNEITONTWS LIERZIT ooz, ElE B
BRAFAESDEAI ST, WHEREICHEELZIRND AND Z ik, EFEOEKEOEZ{ET—BIZE R
bLEZO6NDS,
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b. HEEAEY)

T —=NIEAED . READPBERTARTH Y. BHIHECBADERE L RIRT 5 2DITi
FREEFRARTHDLVIERNE S HD, EFERDERIE. HEDZENIFRL TEVDIIT
320, UL, BETEREXRTOIERNH->TEH., RIFENREMHEORBELZNS RN LT
BREEBEAONBRVEEZ -, TDRD, B 1 ZEOEMERS L OF 2ZEDEBEN DERED
TV VM, B2¥FEDOREMRRR ETEBADRY e ROBICDEREYFEDOEFIHEDREE 2R
Ulzo &7z, B2ZEEOHBEYOREDOHFEL LT, EMEDEFOXELFUHKE2/Fo 2,

TEEEDRILH)
LI cell respiration  Y&& X photosynthesis  fX3# metabolism [F]{k anabolism, assimilation
24t catabolism, dissimilation ATP(7 7/ ¥ ¥ =1 »#)adenosine triphosphate
BV —1) VEEKES high-energy phosphate bond
ADP(7 7/ ¥ V=Y VE#)adenosine diphosphate
AMP(7 5 ) ¥ > —1) V&) adenosine monophosphate
JRBE combustion  F&{L oxidation JEJT reduction
NAD™ nicotinamide adenine dinucleotide FAD flavin adenine dinucleotide
NADP* nicotinamide adenine dinucleotide phosphate Bi7KZEEEZR (T & N1 — 1) dehydrogenase

BET, FTEYMZOEERELEOEEEME UTEHA L, ERIIIINV—-THTXEDORH
BeHBFIE, FHLRIIDOWTIEIZIV—THTHKL., ABEHERTLI LR, BREABL
DO EMEEERIT2 2L T, EROFEMEEILA LU ZRFVEEI N,

ZOERITIE, EENEEDREIZENT, 5 4 X8 (SVO0) F 5 XE (SVOC) D &5 8k
KEXEEUDEXDMREZBFIZEBLU TV L WVWIEENH S, BEXOEMBAENERTIE R, &
R R EEXEICANAEENESNT WD, EREMEFIUREZ R U T ATREENE 2 515,
HEFEDHEEBERIINT 2B LB T 520, F22EOHBEYZHEE 181 L5 NRIT, ZEFRERT
D7 Vr— b AEEEMU-, TOBE, BET) YV MNOEELRITEVERVETN? | L0
BRI U, BXIEEH 181 e, NI EEIZUAZEEX 169/ ES72, —AT, Tz &E
BU-ERET NG HUZSZDEHEAEZY ZLRVET] LEBLUAEEZ 1 ZTHo 2, ZOKE
BnG, REBOEFEMRZEIZS T2 EEBM OERICERNTH D Z LW RBIND,

49 BIE MARBONE



S 6 EE  SSHMAEMFE EMHREE

The main energy-yielding foods—carbohydrates and fats—
are reservoirs of electrons associated with hydrogen, often in
the form of C—H bonds. Only the barrier of activation energy
holds back the flood of electrons to a lower energy state
(see Figure 8.13). Without this barrier, a food substance like
glucose would combine almost instantaneously with O,. If
we supply the activation energy by igniting glucose, it burns
in air, releasing 686 kcal (2,870 kJ) of heat per mole of glucose
(about 180 g). Body temperature is not high enough to initi-
ate burning, of course. Instead, if you swallow some glucose,
enzymes in your cells will lower the barrier of activation
energy, allowing the sugar to be oxidized in a series of steps.

Stepwise Energy Harvest via NAD*
and the Electron Transport Chain

If energy is released from a fuel all at once, it cannot be har-
nessed efficiently for constructive work. For example, if a
gasoline tank explodes, it cannot drive a car very far. Cellular
respiration does not oxidize glucose (or any other organic
fuel) in a single explosive step either. Rather, glucose is broken
down in a series of steps, each one catalyzed by an enzyme.
At key steps, electrons are stripped from the glucose. As is
often the case in oxidation reactions, each electron travels
with a proton—thus, as a hydrogen atom. The hydrogen
atoms are not transferred directly to oxygen, but instead are
usually passed first to an electron carrier, a coenzyme called
nicotinamide adenine dinucleotide, a derivative of the vita-
min niacin. This coenzyme is well suited as an electron carrier
because it can cycle easily between its oxidized form, NAD",
and its reduced form, NADH. As an electron acceptor, NAD"
functions as an oxidizing agent during respiration.

How does NAD™ trap electrons from glucose and the other
organic molecules in food? Enzymes called dehydrogenases
remove a pair of hydrogen atoms (2 electrons and 2 protons)

(oxidized form)

from the substrate (glucose, in the preceding example),
thereby oxidizing it. The enzyme delivers the 2 electrons
along with 1 proton to its coenzyme, NAD", forming NADH
(Figure 9.4). The other proton is released as a hydrogen ion
(I") into the surrounding solution:

' Dehydr
H-C—OH + NAD* ehydrogenase
|

(:2:0 + NADH + H*
By receiving 2 negatively charged electrons but only 1
positively charged proton, the nicotinamide portion of NAD"
has its charge neutralized when NAD™ is reduced to NADH.
The name NADH shows the hydrogen that has been received
in the reaction. NAD" is the most versatile electron acceptor
in cellular respiration and functions in several of the redox
steps during the breakdown of glucose.

Electrons lose very little of their potential energy when
they are transferred from glucose to NAD™. Each NADH
molecule formed during respiration represents stored energy.
This energy can be tapped to make ATP when the electrons
complete their “fall” in a series of steps down an energy
gradient from NADH to oxygen.

How do electrons that are extracted from glucose and
stored as potential energy in NADH finally reach oxygen?

[t will help to compare the redox chemistry of cellular
respiration to a much simpler reaction: the reaction between
hydrogen and oxygen to form water (Figure 9.5a). Mix H,
and O,, provide a spark for activation energy, and the gases
combine explosively. In fact, combustion of liquid H, and
0, is harnessed to help power the rocket engines that boost
satellites into orbit and launch spacecratt. The explosion
represents a release of energy as the electrons of hydrogen
“fall” closer to the electronegative oxygen atoms. Cellular
respiration also brings hydrogen and oxygen together to
form water, but there are two important differences. First, in
cellular respiration, the hydrogen that reacts with oxygen

2e +2H"
2e +H*
NAD* NADH H*
Dehydrogenase

Hooo : . H. . © l VISUAL SKILLS >
4 | Reduction of NAD I 5 Describe the structural

| C—NH, +  2[H]  — ‘ ! C—NH, + H differences between
o (from food) Oxidation of NADH T N

" Nicotinamide e " Nicotinamide the reduced form of

\ (reduced form) nicotinamide.
|
!

NH,
Sy . i
A Figure 9.4 NAD" as an electron shuttle. The full name for NAD",
)\H nicotinamide adenine dinucleotide, describes its structure—the molecule consists

of two nucleotides joined together at their phosphate groups (shown in yellow)
(Nicotinamide is a nitrogenous base, although not one that is present in DNA or
RNA; see Figure 5.23.) The enzymatic transfer of 2 electrons and 1 proton (H")
from an organic molecule in food to NAD" reduces the NAD™ to NADH: Most of
the electrons removed from food are transferred initially to NAD™, forming NADH.

13 £ 2FFD sS EHEY TRV ZREDRED—ER R

IO, EEOFEE2 N —TTHEE. EROFERNETEET 72012, 96 LENHZL LT
YIr—bRABEEERL -, AL ZOBRER27ITRT,
[HEEONEEFHATAT, SEDOEREOABRCIBRENEEDOXEL DNV ELAENT? | L
WHERIIH U, ZDEENEEMICEIEL 2, Z< DERNRENS & HEHM L ORF#E %3
BT/ ehbnsd,
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®27 FEWRRICETESY 27— MR

BEANBLEEDOIXED DN EEBM EBENBOEEEIZ L 2% | (SRR EERSGREO LT
EEEES

BRI E% | IR E% | ERE B

LTEDRMNo 17 | LTERVEENHD LR | 234 | L TERESLLEUS 3814

DU 554 | AURWHENRH D LED 61 | DUMBEZLEUS 33 {4

DRI 174 | BOEENELHEVED |84 | RELLEUS 15 #4
A

HEYVOEMBSEN /- 6/ | BOEENHELZ L ERBDLE | 1 | HhFVBELLRERLZWV 74
L\

EBRDEMNSRIINo - 14 EHE 5 EHE VRN 3 | RRMBEL LUV 3

RIZ THEEOXEEFHATAT, b UREOARLEEDOHNENDRMN > - 5HFBDEECEES
ICREWEENHD LBEWEITN? | LW ERIIN U TR, KREOEENREANR & EEHM DEHEE
DEFREE X BE F1M LI positive B EZEZ ST LHFLTWE I LAREBIND,

Fz, DRERICBRIZICED MY 2 EETHEODDI IS ICRIBENHDLREUELAZNT? ] L0
BRI U TR, < OERIRMICEE R 2GR T ONEEEZBMU TV I LAHLSNIR
27z,

INSDTVr—MERNSG, FENBRLEEBEMMNEE T LITLY ., EROIFHESEXR
A EIZFEESTLERENREBING, X617, HETOBRAREL2RTI LT, HEHDOALIZE
BB LAY D,

UMNMURRS, IBAREREBEBADERE L DRTRIZEWTIER, VAV TERAETRARTH S,
AEXRNZTITIETARBREFEANLIZEABRVERREZETILENDH D,

REELEOHFEL LT, ARETHEONZMREZENL., ZFEARIIEIDWEZEETORRRER
VA=Y T HEMIZEDND &SRB AR T OLENH D, ZhiTkD . EEOHREHLTEE
DAEEDITIENEETHILEZO5ND,

1

c. FEEYLE

Tk, BRARZICEZET D LEEOMXIMNIEEN L <RI, BXXEEF > TWS T
FEOMX 2HmO ZEI3EE LW, ik, ZOERNIBIT2EMABOEREEEZ > TORIT IR
S5RVN6THD, F7/2, MFIIBVTL, TREOFOANEICE>TERZREHD7ZAS, S
FEITINTOVLBILZDHEREZENEIF, EEEHDOTFICHEEENTHINTVLIEDONE L, LML
NS, EFEELOEIFEEENOAEEZLEITITHY . BEEFTEHNAOTVS LITVE
BODIINERRTHD, TIT, BETV Y MIEHKTIZTTIE. BREBLFARKIC, HEZ2EHRIY
BIUNHLNVEEZ, ERTV VMO [HFiEE] ® B TBVWTEEEFATS I LICLk,
IR, B4 ICEFEBICBWTEBEMALLZERTY ¥ Fofl, K I15ITERIZEWTHEEEFAL
FEEBRTY v bl ERT,

INSDERT) Y NERHWTEZIELL IS, EfHEL2FANTHAEZEREES LV 2 EHE
HDITENE BZIFoh, ZOEFEDEXTHIUE, ARERISHERSGLILNTES
X CTH BN, BEFHELZH> TORITNIEEEDIDON SR B> TUEIREIZRE I L 2REL
TWHEFEADESD,

—7. HEATIENaDZ &% [Natrium| WA, FEFETIE [sodium] EFERIZ 220 L Tl HEEE
DEREIZL>THNTWAEZZEHY ., HFEVIEIIER SN 7, 15 DERIZBWTHEERF]
FAUZERTY Y NClk, ERTCEEINAZHELHAECII RS EECHPIE 2, £RELBIE
T2 RZIRENEX B NTE 220, AREEREEICADUERL TES 2L 25, HEDRET
FEUZARERELRNSEBNTVWIEREE RZIT SN,
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The purpose of this experiment is to verify the establishment of Hess’s law. Therefore, the following three
enthalpies of reaction are going to calculate.

enthalpy of dissolution of sodium hydroxide (solid) AH; [K]/mol]
enthalpy of neutralization of sodium hydroxide (aq) and Hydrochloric acid (aq) AH: [kK]J/mol]
enthalpy of reaction sodium hydroxide (solid) and Hydrochloric acid (aq) AHs [k]/mol]

(1) According to Hess’ law, what is the relationship between AH:, AHzand AH3?
Explain in Japanese, using reaction equations with enthalpy changes or energy diagrams.

(2) The following a diagram (experimental result) was obtained with the start of the reaction as 0 seconds.
How should we determine the value of temperature change?
Explain in Japanese why we do so using the diagram.

RISE8BHO
EEORE

[
>

*ox

X
x
X x

A 4

G H]
14 BRIFBICHVWTREZFBULEERT) 2 OB

(D™  List two properties of colloidal solutions not ebserved in this experiment.

(4)®  Explain the results obseved in test tube D in experiment 3. However, use the terms “hydrophilic
colloid,” “hydrophobic colloid,” and “coagulation.

B15 ZRICHEWTEREFZFRAULEERRT) 2 SO

BN T7 Vv r— a5 tiitf*fb&b# HEHORLEIZDLENSTHEELTWVWS
DTN EZ 6NS, REELREIL, EMHE TEEITHLEARICEEBLUAEEL2HY
TX b(»ﬁfi&iﬂ%ﬁﬂﬁi"@é\_c‘i%*ﬁﬁﬂ‘bfﬁ%f:b‘o

d o
BREEDRETCREDIFOEMPLAE L AV EM CERBRZICEDLLIEM 2KH> Z LIz
WT, HEOHEIR L TEEIMEZ RV WD, /2, BREBTE EMIIKRELL. BRARZE
LS EMANLAESZIMERIEOSN TS 2D, TNS6D LS ICHEBOFR TEMHEEL2IEEL
V., HERHEEICEDZEENSVELUIZOWTHNAY T8 2RE - BB TXDIIREE
LTEZD,
SHBOFELUT, IHL] 18T OA2MIXTEMARN RO oNEH, BROFEDHFT H
<) TEET) DIFE2TH Z LIIHEDHENLE CAREHLL, £/, ZTOI5RP) 52K
LIAT, BEDRNEETIHEIZUNTELRVFRETIIMBRADE RIZH LW, HhEWw-T, &
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ERDA) FaFLeHRL., REABREERMZIROET T, MABEZES ZLENT Y ADERN
FEEREBRADEREVIBERTY AV 2SI LEZ2 S, BSOEBESR® ALIZLSEFOEHR
B EOBHREBROTER LIRD BN OEM DK EED TN IR E, RADE R ARRZ [H
<1 [EET] DERFENRDLND,

4. 1-3: 2—IN—HBA4ITIRXEZF— (SSS)
SEELRRTERE WMHHZ BERIL3TYA VEBICETIV—rYay Y (£6H) %
EHEL 7z, SMEIL36ZTHo72, EENIERL T 7 — MERELITIZRT,

28 RA—N—BAIIVREIFT—DO7 05— MER

A2y AR3aY

R06 RO5
5(B %) 3 1EE) N=36 N=11

SEOTOaY 7 MNIBIMUTRERM- -k 22 11 0 0 3 43 4.7
B FE9h, (61.1%)  (30.6%) (0%) (0%) (83%) :
A —HF—DFES - BEEEFDFE-F
BEREDEDODT AT 7 EHK—>TT &A1 18 16 0 0 2 433 4.45
Er 7S TS VEEDFEPEEM (50%)  (44.4%) (0%) (0%) (5.6%) '
IFHEBETXE LN,
BRI RKE S TREL TAHLZWVEEW 7 17 5 5 2 361 373
F5h, (19.4%)  (47.2%) (13.9%)  (13.9%) (5.6%) :

SEELTYA VEEBIIODVWTOBRIIIEEZ > LI ThHho7-, £/, BHIZERTIE. SIEZTH
ZNo EUX | R (2] LWV hRI T4 TREBRNZEEFNTEY, BIZELY - RYF«
THREREZ - FFEBEBNBVEIE R ED T\, /2, F—LT7—7 -G hHXER - I32 =7 —
Vayv, 7o AEBRY, EBOEDISIVRT A ARy Y a v EBULEBNLBRELES
Nriz, |2t DDIEBHLRKFLNS, RBIIIBENICRVEE LS IR~ DL (HE
B - 2fb) X, FEEE T2 2R TORER (P - R 2EKUZBREH -/,

2k UT, SEOFAY 7 MIBIMBIZL > THERIZEEEN ORI LRERE LY, 5580
HORRFEMREITIEN L TOX 2N WS BRI SNBERE L5,

5. 1-4:ERNHEE

(1) I -41 ERFHMERRTT

@ BEHE

BEEYCERR, BEOSKREL2ZV, BIE - BE - AESOEMNEE2ED5 Z L2 BT,
SH6HFE12H26H - 27 HOHE CREARFHEFEEERAICSWTHEWEEZERL 7z, &1
FEEDRZL2FE 10ZDEFF 2% ThH o 7=,

a EEANB
HERE 2 RR—IUFK 29 IZRT,

b R
WHERIZA Y 54 v THEET V7 — b (44FE+8Bid) 217- 7%,
4 RO DEIZFIZRR—IFK 30 IZRU 7z, 2EITIHMENSINE DFEBNS L CHEEERIC
U CTHEBNREEL 52 /-2 L 2RUTWS, RHZ TFIEIXELZS /2] LU ZEIEM 84.6%IZ E
D, REDHELERE, ROERICEBTIESEEELLEIOND, £/-. BHOEATHLVA
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*29 BEME HERE
12/26(K) 12/27(%)

U= DREBREY

T F LY DR

AR

U DREBREY BREVMOREES
T | BEKRERE - Ny Y —RR% #=x (H)
e (AR
®’ | Bk AR
&30 BEME ZR7UT7—EERO

. Foxyr s EHomMbER FoXVe
: Z585 SXFZHRS IFESELR F5EhRV
T ORI ADOELE - BELNEE - 7, 8(61.5%) 4(30.8%) 1(7.7%) 0(0%) 3.54
RFEITZLUZ S LU =, 11(84.6%) 2(15.4%) 0(0%) 0(0%) 3.85
BEDERTOEEREENEEL LB/, 10(76.9%) 3(23.1%) 0(0%) 0(0%) 3.77
BABEKELDH DI L 2R U TALVWER S  10(76.9%) 3(23.1%) 0(0%) 0(0%) 3.77
720
DULELWZ L TE, BEVNONIEESHEATE  8(61.5%) 5(38.5%) 0(0%) 0(0%) 3.62
BLUTALI LB,
REDFEMFIIKREZ S 2B o7, 7(53.8%) 2(15.4%) 2(15.4%) 2(15.4%) 3.08
SREDREREITHETE > THALVWE RS 7, 8(61.5%) 3(23.1%) 0(0%) 2(15.4%) 331
RRDEBEDSEITR - Tz, 9(69.2%) 3(23.1%) 0(0%) 1(7.7%) 3.54
SHEWZEFEEZHENIUTAHEZLY, 10(76.9%) 3(23.1%) 0(0%) 0(0%) 3.77

BZERYMOBEENSHRI N, [SHEVWAEFEZHENILTHALEY] ETEIERESEN -2, —A.,
REDFREMEIIH U TIRRELL VI BRE —ERFET S, ekl UTIRBENTEANDHEE
BEOCERELEBE L, BB LRZOANERETDOVTWD LFHETE 5,

F31 BEHHME FRT7 VI -MERQ FUICH o7& (BHEH)

D3E L Ebuyil 5
EEK - KBRIE 74— VR —IPRZE EROE - VIVVREDEMIIOWTHATESH LY, AD 8
L) B - EEBRL Y, EHETORREEL BOBRFPETOIRTFREEERICEIITS

TEHARE L IKBEEEDHE R E e RN TEELE
EYER - BV OREICRAE - IE. MRS - Vo0 ERITV, EYOBEIIOVTELS T
HFEE R FEHOBZELY, EROEY MEILNTIELE

RE 2 ERRERL L CARA)TOFRIZFEHEMNS I ENH D
HEECHERT BEKSCVEIEZELT, Vo0& - VZOARPHRRER. TUTRBNMEICOVWTE S
DHFER & - RREE. BENMEREOE KNI ENTE..

FREIRIR & 1572
BEEYEK VIVYREMOBEEY®, I - MRLOBLEBEOEIYOLERRE N L52EY 3
LEYSHRME LOoE - EXYOREBRRED SHRELZINETFLIILDORYIZENL
NODIEfR 5. EMEREDEEN % 285
REE FREKRTEARIL2HATIEIV, | BEEH 13 A, —AOHZFIZEROERNE ENI56, BHE

Er U7z,

ZFAREILIZNTSEHLAE TR, S TORREZER T MERMNEE TH -k, Eik - (KERTEE)

IZBVTI, 74—V RU =70 RZ, EROMEE - ERREE L CEREYITMNZRRPRL TH
V. SMENBRZ CTHRAZFMBOMEEZBSERL TSI ENEHZ D, MWOT. EVEN - BEHIZFH
BZETIE, VoOFECXEER, FERDOBREL Y, ERNLEMHEKOEZNEIT o, HEHigrs
DTRBOSNLVCERNEBMEE I N, /2, #R - HRTONBESCEFEEY 2R L EMS
BRMEADERIZEVTE, VoDERCREFME HEBRRENERIN. ZUDSAHMNRY
NTWd, 2k LT, EERLEE HEROHEMFNLZUVRFAINGHERE 2o/,
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/2. MAZETOEFERKEEDNY 7V — RV T —LREEBRERTEIRVI L 2RERTHI LT,
FYUTHELWISETHEREIISVHEENRERE TS, EROEEG L. BB 20 HEBRS5NT
WEMNSERE, HIEOERREZEN LU ZARY, MOMELEEHL 2700 J AedlE - AEL. XY
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