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1. One mole of an ideal gas undergoes an isothermal reversible expansion at 300 K.
During this process, the system absorbs 450 J of heat from the surroundings. When
this gas is compressed to the initial state in one step isothermally, twice as much
work is done on the system as was performed on the surroundings during the
expansion. Which of the following statements about these processes'are correct?

I. AS,ys for the one-step isothermal compression is 1.5 J/K.

II. ASgur for the one-step isothermal compression is 3.0 J/K.

II. ASyniv for the reversible isothermal expansion is zero.

IV. ASuniv for the overall process (expansion and compresgion) is zero.

V. ASqur for the overall process (expansion dnd.compression)is —1.5 J/K.
A LD @I OILULIV  DO)ICHLV  (BE)LTV,V

2. Which of the following statements aboutiligands, d-block metals, and coordination

complexes is correct?

(A) The cyanate ion (OCN") can have three different Lewis structures, in which all
the N atoms have the'same formal charge.

(B) Zinc is a component of vitamin By,, which is essential for the metabolism of
carbohydrates, fats, and proteins.

(C) [Co(NH3)4Cl,]" hasicis-trans isomers, and the cis isomer is optically active.

(D) [Cr(en)(NHs),1,]" (en=ethylenediamine) has three geometrical isomers.

(E) The octahedial Cu®* complexes are more appropriate than the octahedral Cr**
complexeésito béiused to determine the field strength of a ligand.

3. Consider1:0 mole of an ideal gas contained in a 2.0 L bulb at 27 °C. This bulb is
connected to'a 10.0 L sealed, initially evacuated bulb via a valve. When the valve
is opened, the temperature is assumed to remain constant. Which of the following
statements is incorrect? (gas constant R = 0.082 atm-L-K™"-mol™)

(A) The final pressure at equilibrium will be 2.1 atm.

(B) The enthalpy change (AH) for this process is zero.
(C) This is a spontaneous process.

(D) Work does not occur during the expansion of this gas.

(E) The driving force for this process to occur is an increase in the internal energy.
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4. Compound X, like most substances, exhibits only three phases: solid, liquid, and
vapor. The triple point of X is at 90 torr and 115 °C. Which of the following
statements concerning the liquid and gaseous X is correct?
(A) X(1) cannot exist at 1 atmosphere pressure.
(B) X(1) cannot exist above 115 °C.
(C) X(g) cannot exist below 115 °C.
(D) X(1) cannot have a vapor pressure greater than 90 torr.

(E) X(1) cannot exist at a pressure of 15 torr.

5. Given the following half—reabtions and associated standard reduction potentials:
Crt+e — O E°=-0.50 ¥
Cr*+3e — Cr E=-073¥
Calculate the standard reduction potential for the follewing half-reaction:
2C* +4e¢ — 2QF
(A)-023V  (B)-046V (C)-085Viy (D)-1.23V (E)-1.70V

6. How many of the following statem@nts are correct?
I. All the group 13 elements are metals.
I1. Alkaline earth metals react lesshigoroushy with water than do alkali metals.
III. Salts can consist of hydrogent
[V. Because Li hasta morémnegative standard reduction potential than Na and K, it
reacts most quickly with water among these three alkali metals.
V. BeO is amphoteric. '
(A) 1 (B)2 (©3 (D)4 (E)5

7. Given the folléwing eleven gaseous molecules:
H3@=¢-CH, H,C=CH, H,CO CO, BeCl; H;O, TeF,4
NF; NO, KrFs SIy
Which efithe following statements about these molecules is correct?
(A) There are six molecules with all their atoms lying in the same plane.
(B) Same hybridized orbitals are used by the N atoms in NF3 and NO,.
(C) Both TeF4 and KrF, are nonpolar molecules.
(D) All the C-atoms in the four carbon-containing molecules use sp” hybridized
orbital.

(E) Both H,0; and NO; exhibit resonance.
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8. Ammonium benzoate is a salt formed from ammonia (NH3) and benzoic acid
(C¢HsCOOH). Calculate the pH of a 0.10 M solution of ammonium benzoate at 25
°C. (Ka= 6.4 x 107° for C¢HsCOOH, K = 1.8 x 10™° for NHs; log2 = 0.301; log3 =
0.477; log7 = 0.845)
(A) 4.74 (B) 5.96 (C)6.73 (D) 7.28 (E) 8.04

9. Yellow phosphorus (P4) undergoes disproportionation in NaOH(aq) to produce
PH; and NaH,PO,. If 16.0 g of P4 was used in the reaction, how many grams of Py
would behave as the oxidizing agent? (atomic weight of P =31 u)

(A)12.0 g (B)10.0 g (C)8.0¢g (D)6.4 g (E)4.0¢g

10. Consider the titration of 50.0 mL of 0.100 M NaH;PO4(aq) with ©.100 M
NaOH(aq). For H3PO4, Ka1 = 7.5 x 107, Ko =6.0 X110, and K5 =48 x 107",
Three pH values during the titration are listed as follows:

(1) Before the addition of NaOH(aq), the pHis x.

(2) After the addition of 25.0 mL. NaOH(aq), the pH is y.

(3) After the addition of 50.0 mL Na©H(aq), the pHis z.

Which of the following statemeénts aboutyx, y, and z 1§ correct?

(log2 = 0.301, log3 = 0.477, log5=:0.699)

(A)x<4,y>17 B)a>4:z> 10 C)y>7,z<10
D)y>8,z>9 @ <5, V@ '

11. Element X las only two isotopesy 1 and 2, and its atomic weight is y.33 u. Of the
following combinations of isotope abundance and corresponding neutron number,

which is the.most reasonable? (note: y, z, p, q and r are integers)

isotope 1 isotope 2
abundance | number of neutron | abundance | number of neutron
(A) 50% p 50% p+0.66
(B) 67% y 33% y+1
(© 75% q 25% q+2
(D) 45% r 55% r—1
(E) 83% zZ 17% 7 +2

12. Which of the following molecular formulae has the most structural isomers, all
containing a hydroxyl group?
(A) C3HgO (B) C3H30 (C) C4H50 (D) C4H;00 (E) CsH20
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13. Which of the following statements about the dominant Lewis structures of C10,"~

is correct?

(A) CIO obeys the octet rule. (B) CIO™ has 1 = bond.

(C) ClOz™ has 8 lone pair electrons. (D) C105™ has 2 & bonds.

(E) ClO4~ has 10 lone pair electrons

14. Which of the following statements about the van der Waals equation is incorrect?
P+ WD) (V- [)=nRT
(A) The van der Waals equation describes the behavior of real gase
(B) M =n”a/V” and is used to compensate for the attraction force betweenigas
molecules.
(C) [] =nb and is used to correct the volume of real gase

(D) M is negative for most gases.

(E) ] is positive for most gases.

(B) Acidity: NaNH; > NHj;
ity: HCO3™ > HSO4~ (D) Acidity: CH30H > NH4C1
¢HsOH > (CH;);COH

©

17. Which of the following compounds (l—S) is optically active?

HO,
O Br OH HO,  CH; OH
& O
OH HO Hy ¢ ©OH )
1 2 4 =]

3

(A)1 (B)2 ©3 (D) 4 (B)S
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18. Which of the foliowing compounds (6-10) is chiral?

SO 97 DL Sod

(A)6 B)7 ©)8 (D)_ 9 (E) 10
19. Which of the following compounds (11-15) is not monosaccharide
HO. OH OH o
0 0 HO
k—? Ho._JL_on \/H)LH AC
OH OH OH
11 12 13
(A)11 (B) 12 (C) 13

20. Each of the longest wavelength of the spe i or two electron
, respectively. What

(A)X:Y = 11:34 (C)X:Y=1:4

(D) X:Y =5:144

21. As shown in Fig.

(B) Number of moles of gas: n(X) <n(H;) <n(Y)
(C) Number of moles of gas: n(X) = n(H) = n(Y)
(D) The molecular mass of X is equal to the molecular mass of Y.

(E) The molecular mass of X is smaller than the molecular mass of Y.
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22. Which of the following groups of species can coexist in significant amounts in a
given solution at room temperature?
(A) A solution that turns methyl orange red contains Mg®", K*, SO4*", and NO5™.
(B) A solution that turns phenolphthalein red contains Na*, Cu**, HCO5™, and
NOs"™.
(C) 0.1 M AgNOj solution contains H', K, SO42“, and I".
(D) 0.1 M Na[Al(OH)4] solution contains H', Na*, CI", and SO,*".
(E) An acidic potassium permanganate solution contains H*, Na*, SO#", and

glucose.

23. Under the same conditions, Na, Mg, and Al of equal molar amounts are
respectively added to three test tubes X, Y, and Z containing the same
concentration and volume of dilute hydrochloric acid te.fully react at toom
temperature. Which of the following three test tubes X, Y and Z must be incorrect
in relation to the volume of gas produced?

(A) X(Na) > Y(Mg) > Z(Al) (BYXNa) > Y(Mg) = Z(Al)
(C) X(Na) < Y(Mg) < Z(Al) (D) X(Na) = Y(Mg) = Z(Al)
(E) X(Na) < Y(Mg) = Z(Al)

24. A certain amount of Cly is intro@uced inte a e—
certain concentration of potassium hydroxide 0.06 Fremmmmmmmmmee : Clo™
solution, whex€ both reagents aré,completely '
consumed and heat'isreleased. Three ionic species 8.1 3
containingchlorine are produced from this reaction,
among which the amount (n/mole) of C10™ and ClO;~

10ns andithe reaction time (t/s) are shown in Fig. 2.

0 t/s

Whigh of the following statements is incorrect? Fig. 2.

(A) Different reactions of Cl, and potassium hydroxide solutions may occur at
different temperatures.

(B) The number of electrons transferred in the reaction is 1.26 x 10%.

(C) The amount of KOH in the original potassium hydroxide solution cannot be
determined.

(D) The amount of CI™ in the product is 0.21 mol.

(E) The amount of K 'in the solution is 0.30 mol.
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25. Based on the following experiments, which substance can prove to be
bleaching?
(A) When chlorine is introduced into a NaOH solution with phenolphthalein, the
solution immediately discolors.
(B) When a small amount of Na;O, powder is added to the water with
phenolphthalein, the solution first turns red and then discolors.
(C) The red color of phenolphthalein solution fades after the addition of SO,.
(D) When SO, is added to an acidic solution of KMnOj, the purple €olor of the
solution fades.
(E) Addition of nitric acidified AgNO; solution to chlorine Water results in'white

precipitate.

26. Two bottles of gas are NOy(g) and Bry(g) with the same appearance. Aschemist
designed a variety of identification methods:
L. wet test paper with starch/KI,  II. additiomof a small amount of NaCl solution,
I1I. addition of a small amount of AgNO; solution,
V. addition of a small amount of water and then an appropriate amount of benzene,
V. change the temperature
Which methods can be used to distinguish NQa(g) from Bra(g)?
(AL LIV - (BIL IRV (O ILHLIV  (DLILIULV (B OL IV, V

27. At 298 K anddl01 kPa, 2 SOag) + 0> (2) = 2 SO; (2) AH=~197 kJ‘mol ™. At
the same tefmperatute and pressure, 2 moles of SO, and 1 mole of O; are introduced
into a cl@sed containet, and when equilibrium is reached, the amount of heat given
off is Q;. If lumole of SO3,0.5 mole of O, and 1 mole of SOs are introduced into a
gontainer of the same volume, and the amount of heat given off at equilibrium 1s
3, which of thefollowing relationships is correct?

(A) (& Q <197k]  (B)Q2>Qi>197kI  (C) Qe=Q=197kJ
D) QI <Q<197kl  (E)Q2=Qi<197kJ

28. After electrolyzing a certain concentration of copper sulfate solution with an inert
electrode at a certain temperature for a certain period of time, 0.1 mole of basic
copper carbonate [Cuy(OH),COs] is added to the resulting solution, and the
concentration and pH are restored to exactly the same level as before electrolysis
(without considering the dissolution of carbon dioxide). What is the total number

of electrons transferred during the electrolysis?
(A)0.4mole (B)0.5mole (C)0.6mole (D)0.7mole (E) 0.8 mole
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29. Acetic acid is an electrolyte. Which of the following facts indicate that acetic acid
is a weak electrolyte?
(DAcetic acid and water are miscible in any ratio.
(DAcetic acid solution conducts electricity.
(®Acetic acid molecules are present in acetic acid solution.
(®The pH of 0.1 M acetic acid solution is greater than that of 0.1 M hydrochloric
acid.
(3 Acetic acid reacts with calcium carbonate to give off CO».
(®The pH of 0.1 M sodium acetate solution = 8.9.
(DWhen zinc grains of the same size react with the same cofieentration of
hydrochloric acid and acetic acid solution, the acetic acid starts to produce H; at

a slower rate.

BWOOD BOOO® OO0 OPBE® EJE

30. Five different types of chemical bonds in the molecular ., B3|
@ryre o

, . 4 , H+ -0+

following statements about reactionsimwhich ethanel T et

H On

Fig. 3.

structure of ethanol are shown in Fig. 3. Which of the
breaks bonds is incorrect?

(A) Bond (1) breaks uponyreaction with sedium metal.

(B) Bond (2) and bond (5) béak, when heating with concentrated sulfuric acid to
L70 =C.

(C) Only bond (2) bréaks, when heating with concentrated sulfuric acid to
140°C,

(D) Bond (1) and bond (3) break upon reaction with Oy catalyzed by copper.

(E) Only bond @ breaks, when reacting with carboxylic acids in the presence of

concentrated sulfuric acid.

31. Which of the following values is closest to the average translational kinetic energy
of one mole of N; gas at a temperature of 27 °C? The Boltzmann constant is
138 x 102 m* kg-s 2K\,
(A) 50017 (B) 100017J (C)20001J (D) 40007

(E) information is not sufficient to answer
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32. A 50-kg boy runs up the stairs to the top of the 200-m tall 18 Peaks Mountain in 8
minutes and 20 seconds. Which of the following values is closest to his average

power output in horse power? (g =10 m/s>, 1 hp =750 W)
(A)0.4 (B)0.3 a0 (D) 10.0 (E) 50.0

33. A magnetron in a microwave oven emits electromagnetic waves with frequency f
= 2450 MHz. Which of the following values in Gauss is closest to the magnetic
field strength required for electrons to move in circular paths with this frequency?
(A)S (B) 50 (C) 200 (D) 600 (E) 900

Vacuum

34. Suppose two parallel plates in Fig. 4, each has an area
of 100 cm? and are 0.1 cm apart. The capacitor is connected
to a power supply and charged to a potential difference
Vo= 3000 V. It is then disconnected from the powet supply.
Which of the following values is closest to thetotal energy
(U) stored in the capacitor in J?
(A) 8.0x107 (B) 3.0x107 (C) 6.0x107
(D) 1.0x10™ (E) 4.0x10% Fig. 4.

35. A heat pump does wark W to brifig heat Q. from the cold outside (at constant
temperature Tp) andidelivenhéat Qg to warm the interior at constant temperature

Ty. Which of the following 18 wrong?

(A) The coefficient @fperformance COP = 2 (B) W= Qy—Q,
(C) COP <10 (D) Ideally COP = TTH (E) Qu > Q,
H-Ty,

36. Which.of the following values is closest to the minimum power in hp required for
a 1000-kghear that is climbing a 5.7° hill at a steady 72 km/h? Assume that the
average drag force on the car at that speed is 500 N throughout.

(g=10m/s*, 1 hp =750 W)
(A)S (B)20 (C)40 (D) 100 (E) 300
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37. Which of the following values is closest to the total electric potential energy of 1

mole of H,O? For simplicity in calculation, here we assume a pure ionic bonding

(H carries a charge +e; O, —2¢), the O—H bond length = 100 picometers, and the

H-O—H bond angle is 180°.

(A) 4.8 kJ/mol (B) 24 kJ/mol (C) 48 kJ/mol

(D) 240 kJ/mol (E) 480 kJ/mol

38. Suppose an electron is trapped in a one-dimensional infinite well of width L =2
nm: U =0 from 0 to L, U = co everywhere else. Obviously the partiele cannever
climb out of well. Which of the following values is closest foythe energy of'the
photon (in eV) that emits when the electron make the transition from level n =4 to
n=3. (h=6.6x10"* m’kg/s; m, = 9.1x107! kg)

(A) 0.02 (B) 0.06 (C)0.2 (D) 0.6 (E) 2.0

39. A simple DC motor run by a 9.0 V battery
has a 20 turn square coil with sides of length
5.0 cm and total resistance of 24 Q'(Fig. 5).
When the motor spins, the magnetic ficld felt

tommutatyy ), ~
by the wire in the coil is 2.0x10~> ToWhich of <¥T
A
the following values iS.€losest 10 the the S

maximum torque@n the motor in m-N? — Fig. 5.
(A) 4x107* AB)Ix10™ @ 7x107  (D)2x107 () 1x107

40. A heliéopter rotor blade,can be considered as a long thin
rod, as shownyin Fig. 6. I[f'each of the three-rotor

helicopter bladesiis 3.75 m long and has a mass of m = Rt
: Rotor

1.600 10” kg, which of the following value is closest to y" "“\
the moment of inertia of the three rotor blades about the ~

axis of rotation in kg'm’ ? Fig. 6.

(A) 5000 (B) 2000 (C) 1000 (D) 100 (E) 20

41. Car A leaves point O at = 0 and travels counterclockwisely along a quarter circle
of radius 100 m at constant speed 30.0 m/s to reach point P. Car B is supposed to
leave point O and travels to point P at the same speed but along a straight line. At
what time should car B leave point O in order to arrive at point P at the same time

as car A?
(A)t=—47ls @®B)t=-053s (O)r=0 ([D)t=0353s (E)t=471s
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42.In a one dimensional problem, an object of mass m = 2.0 kg is under effect of a
resultant force Fy as shown in Fig. 7. If the object

passes through the origin (x = 0.0 m) with initial
velocity vo = —2.0 m/s at £ = 0, what is the velocity
at t=4.0s?

(A) 2.0 m/s

(B) —3.0 m/s

(C)—5.0 m/s

(D) —8.0 m/s

(E) -16.0 m/s

43. A spaceship of mass m circles a planet (mass =

much energy is required to transfer the spaceship t

GmM GmM 2GmM
) = ® =

IV. double the wave velocity
V. quadruple the frequency

VI. quadruple the amplitude
(A1, V (B)IL, I, V (O 1, VI (D) L, 111 (B I, 1L, I11
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46. An empty can and a full can of the same shape are rolled side-by-side down an

incline without slipping. If they start together at the same height, which of the

following statements is correct?

(A) The empty can arrives at the bottom first.

(B) The full can arrives at the bottom first.

(C) They both will arrive at the bottom together because the gravity acceleration is

the same.
(D) It depends on the materials of the cans.

(E) It depends on the incline angle.

47. An ideal gas is allowed to undergo a free expansion from velume ¥ to volume'7,

what is the change in entropy?

(A)O  (B)nRW/7,  (C) nR(V, —V,) (D) nRzn§ (E) nRT1n§
1 1

48. There is a parallel-plate capacitor of capacitance Cy. A slab of dielectric material
with x = 2 is placed into the gap bétween the plates, filling the bottom half of the
gap. What is the resulting capagitance ?

Wi ®G Q5 D20 (B)3C

49. Electromagneti€ wave is travelling in the free space with the amplitudes of the
electric anddmagnetic fields as Emay and Bpay, respectively. What is the average
energy density in the'space?

B%ax Br%}ax 2 EOE'%mx B'rznax ErJErznax B%mx
(A) o @ B () gyBR,, (D) Bfmexy Fher (g fofmery Phe

50. Whieh,of the following observations in the photoelectric effect experiment can be

explained by the wave behavior of light?

(A) There is a cutoff frequency below which no photoelectric current can be
observed.

(B) Photoelectric current increases with increasing the intensity of the light.

(C) There is a stopping potential for photoelectric current regardless the intensity
of the light.

(D) Dependence of ejection of electrons on light frequency.

(E) Dependence of photoelectron kinetic energy on light frequency.
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51. Two blocks of equal mass m placed on a frictionless flat surface are connected by

a massless spring of a spring constant , see Fig. 9. In the beginning, the spring is

at its natural length, while the mass on the left is at rest and the mass on the right

is moving towards right with a speed of v. The two-mass system would go on

moving and oscillating relatively. During the oscillation, the maximum extension

of the spring is L. What is the minimum value of the kinetic energy of the

two-mass system during the oscillation?

U NAVAVAVAVE

Fig. 9.

W g A (o -k

52. The simple harmonic motion is a general p
a system at stable equilibrium slightly away f
the period of the simple harmonic

potential energy of the form U(x) =

(D) 2n

(C) 2m % (E) 2m

2ab3

(B) As the wave travels to the lighter end, its speed decreases.
(C) As the wave hits x = 0, the reflected wave travels faster in the heavier string.
(D) The speed of the traveling wave remains the same regardless of which ends.

(E) As the wave hits x = 0, there is no reflected wave.



B EAL 11 SEES LR85 BHE LR
FHR# B A EEYyE
£ 16 A F_ 14 R BEIZEFIHE
54. Two different gases of similar mass density at room temperature react differently
as the pressure is varied. Specifically, as the external pressure is raised from 1 atm
to 1.01 atm, the volume of gas 4 is reduced by 0.1% while the volume of gas B is
reduced by 0.2%. Which of the following statements is true?
(A) The sound speed of gas 4 is faster.
(B) Low frequency sound waves travel faster than the high frequency ones in
gas 4.
(C) Low frequency sound waves travel slower than the high frequeney ones in
gas A.
(D) For the same sound source of frequency f, the frequency ehanges more asiit
enters gas B.
(E) As we reduce the pressure, the volume of the gas does not always increase.

55. Two ambulances have identical sirens that would make sound waves of frequency
700 Hz. A stationary observer is in the straightline and in between these two
ambulances, while one ambulance is parked and the other is moving away the
observer. The observer notices that the.,combined sound wave exhibits a beat
frequency of 20 Hz. What is the speed of the ambulance moving away from the
observer? Take the speed of sound torbe 340'm/s; and there is no wind blowing
during the observation:

(A) 5 m/s (B)10 m/s (C) 12 m/s (D) 17 m/s (E) 18 m/s

56. Given a nén-uniform charge distribution o Thin metal shell

(marked in black)

p(r) =fayr (C/m?) between two

concentric spheres of radius R and 2R, Charge distribution
(grey area)

p(r) = afr

The metal shell
Is grounded

andiitis.enclosediby a thin metal
spherical shell of radius 2R (negligible
thickness) as shown in Fig. 10, what is the

surface charge density on the inner surface of the metal shell? Fig. 10.

@W-a ® -2 ©-%a O-5= ®-i%

18 €p
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57. A charging RC circuit consists of a battery with emf &, a resistor R, and two
capacitors C; and C, as shown in Fig. 11. The two capacitors are identical when

there are no dielectrics inserted (thatis C; = C3 = I Co

when placed in vacuum). In order to increase the R \ I I

capacitance, we place a dielectric material of & £y Oy
Ci__  Chfas

the dielectric constant k in Cp. At =0, there

are no charges in capacitors, and we close the \

switch to charge these capacitors. Which of the

following statements is correct? Fig. ¥

(A) The charging percentage (Q/Qumayx) of these two capacitors would be theisame
at all times.

(B) The maximum charges stored in these two capagitors would be the same.

(C) The charging time would reduce if a larger resistor is used.

(D) The charging time would reduce if a battery with a larger emf is used.

(E) As more and more charges are stored in the.capacitors, we expect the current

flowing through the resistor is getting larger and larger.

58. A metal rod is pulled to the rightiin a uniform magnetic field ByZ so that it
accelerates at a constant accelerationhaf onrails and forms a closed circuit with a
resistor R as shown in‘Eig, 12. For simplicity, let us say at ¢ = 0, the metal rod
coincides with thé resistoratx = 0 and is at rest. The distance between rails is L.
Assume that there.is no friction between the rod and rails. Which of the following
statements 1S correet?

(A) The'emf induced by pulling the

metal rodhis proportional to #*, @ @ @ @ @ @

(B) Theforee required to pull the metal @ @T @ @ @ 7
! = ~
tod is proportional to 7. @ @'LLQ —>© 7 @v:c | A
T

(C) The power dissipation in resistor is v

proportional to ol @ @ @ Q @ @
Rod

(D) The work done by the pulling force is

Uniform magnetic field Bg2

proportional to 7. Fig. 12.
(E) None of the above is correct.
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59. Which of the following statements about electromagnetic (EM) waves radiated
from a point source with a fixed power is correct?
(A) The amplitude of the electric field strength of the EM wave decays with
distance squared.
(B) The power received by a detector placed along the radial direction decays with
distance.
(C) The energy flux density decays with distance squared.

(D) The larger the power radiated by the source is, the shorter the w
the EM wave is.
(E) The amplitude of the magnetic field strength of the EM

on distance.

60. The PV curve for the van der Waals equation at a
Fig. 13. In this case, the liquid phase can cogxist
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