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Practicalities of Transuranic Research and Safety Considerations. Work with plutonium of weapons-
grade isotopic composition (primarily 239Pu) was conducted in a radiological facility approved to contain 

high specific activity α-emitting radionuclides, with appropriate controls for the safe handling and 
manipulation of radioactive materials. The hazards posed by the radionuclide 239Pu imposes a number of 
controls and work restrictions necessary to gain safety approvals at Los Alamos National Laboratory. As 
a consequence, we are unable to acquire elemental analyses on transuranic solids (no in-house capability 
exists; no user facility can readily or safely accept dispersible transuranic solids). Similarly, the balance of 
contamination control techniques with the sample configurations designed to protect air-sensitive samples 
(often samples must be exposed to air to allow swipe tests to detect loose contamination before 
transportation to spectrometer to comply with local safety rules) currently prevent us from acquiring IR 
data on air-sensitive transuranic compounds. 

Experimental Details: 

Synthesis of 1: To a suspension of UCl4 (131.8 mg, 0.347 mmol) in Et2O (3 cm3) was added two equiv of 
HAracnac (285.7 mg, 0.694 mmol) and Na[N(SiMe3)2] (127.6 mg, 0.696 mmol) resulting in a deep red 
solution. After stirring for 25 h, the volatiles were removed in vacuo and the resulting solid was washed 
with hexanes (2 × 5 cm3) before dissolution in dichloromethane (8 cm3), to give a deep red cloudy 
solution, which was filtered though Celite and concentrated in vacuo (3 cm3). Storage at -25 °C for 48 h 
resulted in the deposition of a dark red block crystals. (77.9 mg, 20% yield). Subsequent concentration of 
the mother liquor, layering with hexanes, and storage at -25 °C produced additional crystals increasing the 
total yield (189.6 mg, 48% yield).  

Anal. Calcd for UCl2O2N2C58H64: C, 61.64; H, 5.71; N, 2.48. Found: C, 61.34; H 5.35; N, 2.79 1H NMR 

(C6D6, 25 °C, 500MHz): δ 51.13 (br s, 2H, N-aryl para CH), 34.64 (br s, 4H, ortho CH), 16.01 (s, 2H, 
para CH), 14.94  (br s, 4H, meta CH), 10.54 (br s, 4H, ortho CH), 7.09 (br s, 2H, para CH), 5.72 (br s, 
4H, meta CH), -1.22 (br s, 2H, γ-CH), -6.18 (br s, 36H, CMe3), -50.58 (s, 4H, N-aryl ortho CH). 1H NMR 

(C6D6 + 1 equiv THF, 25 °C, 500MHz): δ 35.75 (br s, 4H, ortho CH), 16.12 (s, 2H, para CH), 15.15  (s, 
4H, meta CH), 8.62 (br s, 4H, ortho CH), 6.76 (br s, 2H, para CH), 5.20 (br s, 4H, meta CH), -0.50 (br s, 
2H, γ-CH), -5.55 (br s, 36H, CMe3), -49.38 (s, 4H, N-aryl ortho CH). IR (KBr pellet, cm-1): 3233(br w), 
3084(w), 3056(w), 3032(w), 3027(w), 2958(s), 2950(sh s), 2924(sh w), 2908(sh w), 2901(w), 2876(sh w), 
2866(w), 2360(w), 2338(w), 1593(sh s), 1586(s), 1564(vs), 1542(sh s), 1533(sh s), 1519(m), 1515(m), 
1495(sh vs), 1486(sh vs), 1477(vs), 1467(vs), 1460(sh vs), 1450(s), 1439(vs), 1420(sh s), 1392(m), 
1362(vs), 1354(sh s), 1333(sh m), 1318(sh m), 1292(vs), 1282(sh s), 1272(sh m), 1258(sh s), 1247(s), 
1203(m), 1182(m), 1157(w), 1141(sh w), 1132(m), 1120(m), 1101(m), 1092(m), 1072(s), 1065(s), 
1037(w), 1024(s), 1007(w), 999(m), 985(m), 968(w), 931(w), 923(m), 900(m), 888(m), 870(m), 849(w), 
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841(w), 831(sh w), 819(w), 810(w), 778(sh m), 771(s), 763(s), 746(sh w), 732(w), 710(s), 695(s), 677(m), 
667(m), 661(m), 655(sh w), 644(w), 637(w), 630(w), 616(w), 603(w), 599(w), 597(sh w), 580(m), 565(m), 
556(w), 546(w), 5333(w), 524(w), 519(w), 502(m), 493(m), 485(w), 481(w), 472(w), 469(sh w), 459(w), 
450(w), 448(sh w), 438(w), 428(w), 418(w), 401(w). UV/vis/nIR: (in CH2Cl2, 0.00432 M) (nm (ε)); 
718(30), 814(898), 950(23), 1034(20), 1066(27), 1140(12), 1180(14).  

Synthesis of 2: Method A: To a cherry red Et2O solution (5 cm3) of UI4(OEt2)2 (312.2 mg, 0.349 mmol) 
was added an orange Et2O solution (3 cm3) containing two equiv NaAracnac, produced in situ using an 
equimolar ratio of HAracnac (287.9 mg, 0.699 mmol) and Na[N(SiMe3)2] (129.2 mg, 0.704 mmol).  This 
resulted in the immediate formation of a green precipitate.  The solution was stirred for 20 h producing a 
pale orange solution containing a green precipitate and a white solid (presumably NaI).  The supernatant 
was decanted off and the solid was washed with Et2O (2 × 4 cm3) before dissolution of the green solid in 
CH2Cl2 (~40 cm3) to produce a deeply coloured dichroic green/red solution.  The solution was filtered 
though a Celite to remove the white solid, then concentrated in vacuo (10 cm3) and layered with Et2O.  
Storage at -25 °C for 72 hours resulted in the deposition of a dark forest green crystalline material (309.5 
mg, 67% yield). 

Method B: To a cherry red toluene solution (2 mL) of UI4(OEt2)2 (303.9 mg, 0.340 mmol) was added 
HAracnac (279.9 mg, 0.680 mmol) and NEt3 (100 μL, 0.717 mmol) resulting in the immediate formation 
of a forest green solution and a green precipitate.  After 30 minutes, the volatiles were removed in vacuo 
and CH2Cl2 (25 mL) was added to the solid forming a deeply coloured dichroic green/red solution.  The 
solution was filtered though a Celite column supported on glass wool (0.5 cm × 2 cm) and concentrated in 
vacuo until crystals began to form.  Storage at -25 °C for 4 days resulted in the deposition of a dark forest 
green crystalline material.  The crystalline material was washed with THF (8 mL) and dried in vacuo 
(286.4 mg, 64% yield). 

Anal. Calcd for UI2O2N2C58H64: C, 53.06; H, 4.91; N, 2.13. Found: C, 53.06; H, 4.78; N, 2.13. 1H NMR 

(CD2Cl2, 25 °C, 500MHz): δ 62.32 (s, 2H, N-aryl para CH), 44.39 (s, 4H, ortho CH), 19.12 (s, 2H, para 
CH), 17.86 (s, 4H, meta CH), 9.82 (s, 4H, ortho CH), 7.42 (s, 2H, para CH), 5.41 (s, 4H, meta CH), -1.10 
(br s, CMe3 of cis isomer), -2.88 (s, 2H, γ-CH), -3.84 (br s, CMe3 of cis isomer), -7.76 (s, 36H, CMe3), -
65.02 (s, 4H, N-aryl ortho CH). IR (KBr pellet, cm-1): 3083(w), 3060(w), 3031(w), 2959(s), 2930(sh w), 
2903(w), 2865(w), 1589(s), 1563(s), 1493(sh s), 1479(sh vs), 1470(vs), 1454(sh vs), 1439(vs), 1394(m), 
1363(s), 1316(sh m), 1293(s), 1247(m), 1240(sh m), 1206(w), 1182(w), 1160(w), 1133(w), 1116(w), 
1106(w), 1077(m), 1063(s), 1025(m), 1000(w), 985(w), 974(sh w), 925(w), 923(sh w), 901(m), 889(m), 
874(w), 843(w), 814(w), 768(m), 731(w), 709(s), 697(s), 688(s), 662(w), 637(sh w), 617(w), 600(w), 
581(m), 567(w), 547(w), 542(sh w), 528(w), 501(w), 494(sh w), 483(sh w), 452(w), 445(w), 437(w), 
417(w). UV/vis/nIR: (in CH2Cl2, 0.00439 M) (nm (ε)); 814(53), 894(41), 948(30), 1024(19), 1068(21), 
1078(20), 1140(20), 1192(29).  

Synthesis of 3: Et2O (3 cm3) was added to Pu0 α-phase metal (0.0091 g, 0.038 mmol) followed by solid 
iodine addition (0.0195 g, 0.077 mmol) and the mixture stirred at ambient temperature for 36 h. The 
solvent was removed in vacuo to afford a red/brown residue. The residue was placed under thf (1.5 cm3) 
and two equiv (based on the assumption that 100% of the Pu0 starting material had reacted) of HAracnac 
(0.0314 g, 0.076 mmol) and Na[N(SiMe3)2] (0.0140 g, 0.076 mmol) dissolved together in thf (1.5 cm3) 
were added. An immediate colour change was noted as a deep red solution formed. After stirring for 30 
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min, the solvent was removed in vacuo and the residue was dissolved in CH2Cl2 (1.5 cm3). The resulting 

intense deep red solution was filtered and stored at -35 °C overnight to yield dark crystals of 
PuI2(

Aracnac)2 which were dried in vacuo (0.0089 g, 17% yield).  

1H NMR (CD2Cl2, 300 MHz): δ 8.45 (s, 4H, Ar CH), 7.63 (s, 4H, Ar CH), 7.48 (s, 4H, Ar CH), 6.95 (s, 
4H, Ar CH), 6.46 (s, 4H, Ar CH), 6.37 (s, 2H, Ar CH), 6.33 (s, 4H, Ar CH), 3.68 (s, 2H, γ-CH), 0.86 (s, 
36H, CMe3). UV/vis/nIR: (in CH2Cl2) (nm); 255, 384. X-ray diffraction quality crystals for structural 

determination were obtained by recrystallisation from Et2O at -35 °C.  

 

Equipment and Instrumentation Details. 

All uranium reactions and subsequent manipulations were performed under anaerobic and anhydrous 
conditions either under high vacuum or an atmosphere of nitrogen or argon.  THF, hexanes, diethyl ether 
and toluene were dried using a Vacuum Atmospheres DRI-SOLV solvent purification system.  C6D6 and 
CD2Cl2 were dried over activated 4Å and 3Å molecular sieves, respectively, for 24 h before use.  UCl4,

a 
UI4(OEt2)2,

b and (Aracnac)H (Ar = 3,5-tBu2C6H3)
c were synthesized according to previously reported 

procedures. All other reagents were purchased from commercial suppliers and used as received. NMR 
spectra were recorded on a Varian UNITY INOVA 400 or Varian UNITY INOVA 500 spectrometer.  1H 
NMR spectra were referenced to external SiMe4 using the residual protio solvent peaks as internal 
standards. IR spectra were recorded on a Mattson Genesis FTIR spectrometer while UV-vis/NIR 
experiments were performed on a UV-3600 Shimadzu spectrophotometer.  Elemental analyses were 
performed by the Microanalytical Laboratory at UC Berkeley. CV experiments were performed with a 
CH Instruments 600c Potentiostat, and the data were processed using CHI software (version 6.29). All 
experiments were performed in a glove box using a 20 mL glass vial as the cell.  The working electrode 
consisted of a platinum disk embedded in glass (2 mm diameter), while platinum wire was used for both 
the counter and reference electrodes.  Solutions employed during CV studies were typically 3 mM in the 
uranium complex and 0.1 M in [Bu4N][PF6].  All potentials are reported versus the [Cp2Fe]0/+ couple. For 
all trials ip,a/ip,c = 1 for the [Cp2Fe]0/+ couple, while ip,c increased linearly with the square root of the scan 
rate (i.e. √v). Redox couples which exhibited behavior similar to the [Cp2Fe]0/+ couple were thus 
considered reversible. The solid-state molecular structure of complex 1 was determined as follows. 
Crystals were mounted on a glass fiber under Paratone-N oil.  Data collection was carried out a Bruker 3-
axis platform diffractometer with SMART-1000 CCD detector.  The instrument was equipped with 

graphite monochromatized MoKα X-ray source (λ= 0.71073 Å).  All data were collected at 150(2) K 

using Oxford nitrogen gas cryostream system.  A hemisphere of data was collected using ω scans and 0.3º 
frame widths.  A frame exposure of 10 seconds was used.  SMART was used to determine the cell 
parameters and data collection. The raw frame data were processed using SAINT.  The empirical 
absorption correction was applied based on Psi-scan.  Subsequent calculations were carried out using 
SHELXTL.  The structure was solved using Direct methods and difference Fourier techniques.  All 
hydrogen atom positions were idealized, and rode on the atom of attachment.  The final refinement 

included anisotropic temperature factors on all non-hydrogen atoms.  Structure solution, refinement, 
graphics, and creation of publication materials for 1 were performed using SHELXTL. A crystal of 2 was 
mounted in a nylon cryoloop from Paratone-N oil under argon gas flow and shipped to Los Alamos 
National Laboratory for single crystal X-ray diffraction analysis. (note that the X-ray diffraction data for 
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the uranium compound 2 was obtained at LANL on the same diffractometer as 3 rather than at UCSB 
in order to allow the most accurate possible comparison of Pu(IV) vs U(IV) metrical parameters) 

The plutonium chemistry was conducted at Los Alamos National Laboratory (LANL) inside a 
radiological facility approved and regulated to for the handling and manipulation of high specific-activity 

α-particle emitting radionuclides. α-phase Pu metal and acidic Pu stock solutions (used as a precursor to 
[PPh4]2[PuCl6]) were obtained internally from LANL. All other chemicals were commercially obtained. 
Reactions with Pu and Aracnac were performed inside a negative pressure helium atmosphere drybox 
(MBraun Labmaster 130). Solvents were purchased in anhydrous grade and stored over a 1:1 mixture of 3 
and 4 Å dried molecular sieves inside the drybox before use. NMR spectra containing Pu were obtained 
on samples in 4 mm PTFE NMR tube liners inserted into 5mm NMR tubes to satisfy multiple 
containment safety requirements.  NMR spectra of 3 were recorded on a Bruker Avance 300 MHz 
spectrometer. Electronic absorption spectra of 3 were recorded on a Varian Cary 6000i and  Cary 500 
UV/vis/nIR spectrophotometers.  

Pu containing crystals of 3 were coated in Paratone-N oil and then mounted inside a 0.5 mm capillary 
tube. The capillaries were sealed with hot wax while inside the glovebox, and the external surface of the 

capillary coated with a thin film of acrylic in ethyl acetate (Hard as Nails® nail polish) outside the 
glovebox in order to provide appropriate containment of the transuranic isotope. The data were collected 
on a Bruker D8 diffractometer, with APEX II charge-coupled-device (CCD) detector, and Bruker 

Kryoflex low temperature device.  The instrument was equipped with graphite monochromatized MoKα 

X-ray source (λ= 0.71073 Å), and a 0.5 mm monocapillary.  A hemisphere of data was collected using ω 
scans, with 10-second frame exposures and 0.5º frame widths.  Data collection and initial indexing and 

cell refinement were handled using APEX IIe software.  Frame integration, including Lorentz-

polarization corrections, and final cell parameter calculations were carried out using SAINT+f software. 

The data were corrected for absorption using redundant reflections and the SADABSg program.  Decay of 
reflection intensity was not observed as monitored via analysis of redundant frames.  The structure was 
solved using Direct methods and difference Fourier techniques.  All hydrogen atom positions were 
idealized, and rode on the atom they were attached to.  The final refinement included anisotropic 
temperature factors on all non-hydrogen atoms.  For 2, a disordered diethyl ether solvent molecule was 
treated using PLATON/SQUEEZE; the void was located at 0 0 0.5 (40 electrons, 193 Å-3).    Structure 

solution, refinement, graphics, and creation of publication materials were performed using SHELXTL.
h
  

 

References from the above text: 

a  J. L. Kiplinger, D. E. Morris, B. L. Scott and C. J. Burns, Organometallics, 2002, 21, 5978. 

b D. D. Schnaars, G. Wu and T. W. Hayton, Dalton Trans., 2008, 6121. 

c T. W. Hayton and G. Wu, Inorg. Chem., 2009, 48, 3065. 

d SMART Software Users Guide, 5.1; Bruker Analytical X-Ray Systems, Inc: Madison, WI, 1999. 
SAINT Software Users Guide, 5.1; Bruker Analytical X-Ray Systems, Inc: Madison, WI, 1999. 
Sheldrick, G. M. SHELXTL, 6.12; Bruker Analytical X-Ray Systems, Inc: Madison, WI, 2001.  
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e  APEX II 1.08; Bruker AXS: Madison, WI, 2004. 
 
f  SAINT+ 7.06; Bruker AXS: Madison, WI, 2003. 
 
g  G. Sheldrick, SADABS 2.03; University of Göttingen, Göttingen, Germany, 2001. 
 
h  SHELXTL 5.10; Bruker AXS: Madison, WI, 1997.  
 
 
Crystallographic Data for 1-3:  
 
UCl2(

Aracnac)2 (1): C58H64N2O2Cl2U, M = 1130.04, triclinic, a = 10.2220(16), b = 11.5941(18), c = 
12.512(2) Å, α = 76.814(2), β = 80.226(2), γ = 65.223(2)°, V = 1306.3(4) Å3, T = 150(2) K, space group 

P–1, Z = 1, μ = 3.251 mm–1, reflections collected/independent = 10501/5108 [R(int) = 0.0464], R1(I > 
2σ(I)) = 0.0458, and wR2(I > 2σ(I)) = 0.0496.  
 
UI2(

Aracnac)2·2CH2Cl2 (2): C60H68Cl4I2N2O2U, M = 1482.79, monoclinic, a = 11.5036(13), b = 
20.834(2), c = 12.6003(14) Å, α = 90, β = 95.737(1), γ = 90°, V = 3004.7(6) Å3, T = 140(1) K, space 
group P21/c, Z = 2, μ = 3.948 mm–1, reflections collected/independent = 28627/5531 [R(int) = 0.0623], 
R1(I > 2σ(I)) = 0.0380, and wR2(I > 2σ(I)) = 0.0863.  
 
PuI2(

Aracnac)2·Et2O (3): C62H74N2O3I2Pu, M = 1388.09, triclinic, a = 10.1318(10), b = 11.8288(11), c = 
13.1117(13) Å, α = 105.2990(10), β = 103.8160(10), γ = 93.7570(10)°, V = 1457.9(2) Å3, T = 140(1) K, 

space group P–1, Z = 1, μ = 2.233 mm–1, reflections collected/independent = 16551/6681 [R(int) = 0.0236], 
R1(I > 2σ(I)) = 0.0238, and wR2(I > 2σ(I)) = 0.0560.   
 
 
Photographs of Experimental Set-Up: 

 

 

Figure S1. Photograph of single crystals of PuI2(
Aracnac)2 (compound 3) taken from a monitor image of 

the crystals under a microscope fitted to a closed circuit camera device inside a negative pressure helium 
atmosphere drybox. 
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Figure S2. Photograph showing the set-up used to mount the crystals of 3 into a capillary tube. A 
microscope is needed inside the dry-box as part of the contamination control and safety procedures 
required when handling the 239Pu radioisotope. 

Solid State Molecular Structures  

 

Figure S3.  Solid-state structure of UCl2(
Aracnac)2 (1) with 50% probability ellipsoids. 
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Figure S4.  Solid-state structure of UI2(
Aracnac)2 (2·2CH2Cl2) with 50% probability ellipsoids. 

 

 

Figure S5.  Solid-state structure of PuI2(
Aracnac)2 (3·Et2O) with 50% probability ellipsoids. 
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NMR Data 

CH2Cl2

Hexanes

*

 

 

Figure S6A.  1H NMR spectrum of 1 in C6D6.  * denotes a minor impurity. 
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Figure S6B.  1H NMR spectrum of 1 in C6D6 (the above sample from Fig 6A) with 1 equiv THF added.  
The ortho CH resonance previously found at 10.54 ppm and the N-aryl ortho CH resonance previously 
found at -50.58 ppm have broadened and are now located at 8.62 ppm and -49.38 ppm respectively.  The 
N-aryl para CH resonance previously found at 51.13 ppm has also broadened and is no longer observed.  
* denotes a minor impurity. 
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Figure S7.  1H NMR spectrum of 2 in CD2Cl2.  * indicates the resonances assigned to the minor cis 
isomer 

 

Figure S8.  1H NMR spectrum of 3 in CD2Cl2.
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UV/vis/nIR data 

Electronic absorption spectra of 1 and 2 in CH2Cl2 solution contain observable f-f/f-d transitions along 
with strong charge transfer bands dominating out to beyond 700 nm. Although U(IV)-halide charge 
transfer bands have been known for a long time and are well documented in complexes such as [UCl6]

2-, 
they do not account for the intensity of those observed in 1 and 2, which we believe arise from the Aracnac 
ligand. For the Pu(IV) complex 3 the solution UV/vis/nIR spectrum in CH2Cl2 is dominated by intense 
charge transfer transitions, with no observable f-f/f-d transitions (masked by the strong intensity of charge 
transfer bands involving the Aracnac and iodide ligands).i 

i J. L. Ryan and C. K. Jørgensen, Mol. Phys., 1964, 7, 17. 
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Figure S9.  UV-Vis/NIR spectrum of 1 (CH2Cl2, 4.32 × 10-3 M).  Solvent absorption has been removed 
for clarity. 
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Figure S10.  UV-Vis/NIR spectrum of 2 (CH2Cl2, 4.39 × 10-3 M).  Solvent absorption has been removed 
for clarity. 

 

Figure S11: UV/vis/nIR spectra of PuI2(
Aracnac)2 (3). The red line shows 3 dissolved in CH2Cl2 and the 

green line shows 3 dissolved in CH2Cl2 at a more dilute concentration to allow resolution of the charge 
transfer maxima.   
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IR data 
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Figure S12.  IR spectrum of complex 1 (as KBr mull). 
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Figure S13.  Expanded IR spectrum of complex 1 (as KBr mull). 
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Figure S14.  IR spectrum of complex 2 (as KBr mull).   
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Figure S15.  Expanded IR spectrum of complex 2 (as KBr mull). 
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Electrochemistry 
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Figure S16. Room temperature cyclic voltammogram for 1 in CH2Cl2 (0.1 M [NBu4][PF6] as supporting 
electrolyte). The U(IV)/U(V) redox couple is at E1/2 = 0.601 V with a scan rate of 100 mV/s. 

Table S1. Electrochemical parameters for complex 1 in CH2Cl2 (vs. Fc/Fc+, [NBu4][PF6] as supporting 
electrolyte). 

Oxidation Feature Scan rate, V/s Ep,c, V Ep,a, V ΔEp
a ip,c/ip,a 

 0.01 0.558 0.675 0.117 0.86 
 0.02 0.544 0.675 0.131 0.90 
 0.03 0.536 0.679 0.143 0.92 
 0.05 0.524 0.683 0.159 0.91 
 0.075 0.514 0.688 0.174 0.91 
 0.10 0.507 0.695 0.188 0.91 
 0.20 0.489 0.717 0.228 0.88 
 0.30 0.476 0.729 0.253 0.85 
 0.50 0.459 0.751 0.292 0.80 
 0.75 0.446 0.771 0.325 0.74 
 

a ΔEp is defined as the potential difference between the cathodic wave and the anodic wave generate after the 
change in sweep direction. 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



Computational Methodology and Results in More Detail 

All the theoretical calculations were performed using hybrid density functional theory with the B3LYP 
functionalj as implemented in Gaussian 09 rev. B.01.k  For hydrogen and carbon we used the 6-31g* basis 
set while for the oxygen and nitrogen atoms, that are directly coordinated to the An the larger basis set 6-
311++g(3df) was used. The iodine atoms were described with the lanl2 relativistic effective core 
potentiall (RECP) and its associated basis set, and for the U and Pu we used the small core SDD RECPm 
that puts 60 electrons in the core (shells 1 through 4).  The geometry optimizations were carried out with 
no constraints and for the natural bond orbital analysis we used NBO 5.0 as implemented in link 607 for 
Gaussian 09. 

Computational References from the above text: 

[j] C. Lee, W. Yang, and R. G. Parr, Phys. Rev. B, 1988, 37, 785; A. D. Becke, J. Chem. Phys., 1993, 98, 
5648. 

[k] Gaussian 09, Revision B.01, M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria,  M. A. Robb, 
J. R. Cheeseman, G. Scalmani, V. Barone, B. Mennucci,  G. A. Petersson, H. Nakatsuji, M. Caricato, X. 
Li, H. P. Hratchian,  A. F. Izmaylov, J. Bloino, G. Zheng, J. L. Sonnenberg, M. Hada,  M. Ehara, K. 
Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima,  Y. Honda, O. Kitao, H. Nakai, T. Vreven, J. A. 
Montgomery, Jr.,  J. E. Peralta, F. Ogliaro, M. Bearpark, J. J. Heyd, E. Brothers,  K. N. Kudin, V. N. 
Staroverov, T. Keith, R. Kobayashi, J. Normand,  K. Raghavachari, A. Rendell, J. C. Burant, S. S. 
Iyengar, J. Tomasi,  M. Cossi, N. Rega, J. M. Millam, M. Klene, J. E. Knox, J. B. Cross,  V. Bakken, C. 
Adamo, J. Jaramillo, R. Gomperts, R. E. Stratmann,  O. Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. 
W. Ochterski,  R. L. Martin, K. Morokuma, V. G. Zakrzewski, G. A. Voth,  P. Salvador, J. J. 
Dannenberg, S. Dapprich, A. D. Daniels,  O. Farkas, J. B. Foresman, J. V. Ortiz, J. Cioslowski,  and D. J. 
Fox, Gaussian, Inc., Wallingford CT, 2010. 

[l] P.J. Hay and W.R. Wadt, J. Chem. Phys., 1985, 82, 299 

[m] X. Cao, M. Dolg, and H. Stoll, J. Chem. Phys., 2003, 118, 487; W. Küchle, M. Dolg, H. Stoll, and H. 
Preuss, J. Chem. Phys., 1994, 100, 7535 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



  

Figure S17. Unpaired spin density in UI2(
Aracnac)2 (2). 

Figure S18. Unpaired spin density in PuI2(
Aracnac)2 (3). 
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Selected Natural Atomic Orbitals with strongest interaction in 2nd order perturbation theory treatment: 

UI2(
Aracnac)2 (2): 

O:LP1 40% s + 60% p 

 

O:LP2 16% s + 84% p 

 

O:LP3 100% p 

 

Figure S19. Oxygen lone pairs. 

 

N:LP1 25% s + 75% p 

 

Figure S20. Nitrogen lone pair. 
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U:LP*4 100% f 

 

U:LP*5 100% f 

 

U:LP*6 100% d 

 

U:LP*8 34% s + 66% d 

 

U:LP*10 30% s + 70% d 
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U:LP*12 100% f 

 

Figure S21. Uranium virtual lone pairs. 

 

 

Interaction energies:  ΔE (2) =
ϕd F ϕa

2

εa − εd

 

 ΔE (2)  

U-N N:LP1 → U:LP*4 8 kcal/mol

N:LP1 → U:LP*8 25 kcal/mol

U-O O:LP1 → U:LP*10 23 kcal/mol

O:LP2 → U:LP*4 13 kcal/mol

O:LP2 → U:LP*10 15 kcal/mol

O:LP3 → U:LP*6 5.5 kcal/mol

 O:LP3 → U:LP*5 4.7 kcal/mol

 O:LP1 → U:LP*12 4.3 kcal/mol

 

Table S2. Metal-ligand interaction energies in UI2(
Aracnac)2 (2) 
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PuI2(
Aracnac)2 (3): 

 

O:LP1 46% s + 54% p 

 

O:LP2 12% s + 88% p 

 

O:LP3 100% p 

 

Figure S22. Oxygen lone pairs. 

 

N:LP1 25% s + 75% p 

 

Figure S23. Nitrogen lone pair. 
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Pu:LP*6 100% f 

 

Pu:LP*8 100% f 

 

Pu:LP*10 100% d 

 

Pu:LP*11 48% s + 52% d 

 

Pu:LP*12 100% d 

 

Figure S24. Plutonium virtual lone pairs. 
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Interaction energies:  ΔE (2) =
ϕd F ϕa

2

εa − εd

 

 ΔE(2)  

Pu-N N:LP1 → Pu:LP*6 7 kcal/mol

N:LP1 → Pu:LP*11 21 kcal/mol

Pu-O O:LP1 → Pu:LP*12 16.5 kcal/mol

O:LP2 → Pu:LP*12 8.9 kcal/mol

O:LP2 → Pu:LP*6 6.5 kcal/mol

O:LP2 → Pu:LP*11 5.7 kcal/mol

O:LP2 → Pu:LP*8 5.4 kcal/mol

O:LP3 → Pu:LP*10 6.1 kcal/mol

Table S3. Metal-ligand interaction energies in PuI2(
Aracnac)2 (3) 

 

Coordinates used for optimized geometries: 

 

Cartesian coordinates of the DFT-optimized UI2(
Aracnac)2 (2) 

U                  0.00029100    0.00259000   -0.00021100 

 I                  0.32033700    0.52566400   -3.01105100 

 O                  0.89344200   -1.97830300   -0.23264400 

 C                 -3.46265600   -0.03366100   -1.38252600 

 H                 -2.84903000   -0.01187500   -2.27736800 

 N                 -1.83458500   -1.58540300   -0.41901700 

 C                 -1.84781000   -2.90299900   -0.49963200 

 C                 -4.65131400    0.71445100   -1.29960300 

 C                 -5.00630500   -0.17737000    0.97224800 

 C                 -5.39784400    0.62134300   -0.12044600 
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 H                 -6.32178100    1.18143700   -0.04054900 

 C                 -4.03102900   -3.48256500   -1.65320000 

 H                 -3.81450700   -2.74098000   -2.41480300 

 C                 -3.13114400   -3.67706100   -0.59523900 

 C                 -5.09962300    1.56321000   -2.50561300 

 C                 -5.28042200   -1.14284300    3.32670900 

 H                 -5.16808900   -2.18019200    2.99138400 

 H                 -5.93834200   -1.15041300    4.20322000 

 H                 -4.29854400   -0.77964100    3.64971500 

 C                 -3.82072000   -0.90309100    0.85863200 

 H                 -3.46586900   -1.52835000    1.66715200 

 C                 -3.06266300   -0.84801200   -0.32206800 

 C                  1.70027500   -5.52938700   -0.27109200 

 H                  0.76309900   -5.95042400    0.07839800 

 C                 -5.89386200   -0.25077700    2.22984100 

 C                  3.03948200   -3.62483200   -0.93250000 

 H                  3.12625100   -2.56173400   -1.12549700 

 C                  1.79936500   -4.15133000   -0.53352700 

 C                 -0.66691500   -3.70426700   -0.52507300 

 H                 -0.81827300   -4.75737200   -0.71629400 

 C                  0.63104800   -3.24346300   -0.41635200 

 C                  4.14307000   -4.46154000   -1.09210700 

 H                  5.09023500   -4.04171300   -1.41848200 

 C                 -6.40520900    2.33262800   -2.22784900 

 H                 -6.29828900    3.02186300   -1.38227700 

 H                 -7.24411000    1.65825900   -2.01951100 
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 H                 -6.67329800    2.92862500   -3.10732100 

 C                 -5.19571600   -4.24563300   -1.73379100 

 H                 -5.88077400   -4.09251500   -2.56309100 

 C                 -3.41333500   -4.65429700    0.37120600 

 H                 -2.71527100   -4.81399800    1.18851500 

 C                 -5.48171900   -5.20112300   -0.75592400 

 H                 -6.39362200   -5.78870900   -0.81817100 

 C                 -6.08969600    1.16635100    2.81890900 

 H                 -5.12980300    1.60506800    3.11491300 

 H                 -6.72942500    1.12274100    3.70876400 

 H                 -6.56697800    1.84372000    2.10229200 

 C                 -4.58859600   -5.40262500    0.29814300 

 H                 -4.80287800   -6.14507400    1.06208400 

 C                 -7.27169300   -0.83919700    1.84192300 

 H                 -7.78535600   -0.22069600    1.09794100 

 H                 -7.91929900   -0.90679800    2.72491200 

 H                 -7.16194000   -1.84576000    1.42228000 

 C                  2.80805000   -6.35982300   -0.41993700 

 H                  2.71764200   -7.42076300   -0.20394800 

 C                 -4.00092200    2.59319200   -2.86115300 

 H                 -3.81608100    3.27309400   -2.02264500 

 H                 -4.31374600    3.19380900   -3.72443400 

 H                 -3.05190000    2.11275400   -3.11828200 

 C                 -5.33864800    0.63206600   -3.71853100 

 H                 -5.66072200    1.21662300   -4.58898800 

 H                 -6.11790600   -0.10765400   -3.49950000 
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 H                 -4.42888600    0.09204600   -4.00103200 

 C                  4.03180000   -5.83030600   -0.83835100 

 H                  4.89396100   -6.48051400   -0.95960800 

 I                 -0.31973100   -0.52001800    3.01088700 

 O                 -0.89121400    1.98443700    0.23165300 

 C                  3.46010600    0.03377900    1.38466100 

 H                  2.84621700    0.01515600    2.27940700 

 N                  1.83657200    1.58820800    0.41878700 

 C                  1.85152200    2.90585300    0.49863100 

 C                  4.64545300   -0.71958300    1.30247200 

 C                  5.00278300    0.16640400   -0.97124200 

 C                  5.39136700   -0.63233700    0.12250200 

 H                  6.31232300   -1.19731800    0.04264200 

 C                  4.03384100    3.48389300    1.65464200 

 H                  3.81552600    2.74301400    2.41639900 

 C                  3.13562200    3.67855500    0.59526600 

 C                  5.08949900   -1.56961500    2.50915200 

 C                  5.27849900    1.12424900   -3.32860200 

 H                  5.17255700    2.16308800   -2.99582300 

 H                  5.93501000    1.12578600   -4.20620000 

 H                  4.29406400    0.76573000   -3.64906700 

 C                  3.82080900    0.89807000   -0.85802600 

 H                  3.46779600    1.52275500   -1.66780800 

 C                  3.06311200    0.84819300    0.32314100 

 C                 -1.69193100    5.53707800    0.26671900 

 H                 -0.75402500    5.95579700   -0.08358300 
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 C                  5.88869100    0.23159500   -2.23040300 

 C                 -3.03479600    3.63601400    0.93069600 

 H                 -3.12369300    2.57332700    1.12495900 

 C                 -1.79374600    4.15948200    0.53068100 

 C                  0.67157800    3.70853300    0.52279700 

 H                  0.82423000    4.76155900    0.71338100 

 C                 -0.62704900    3.24940000    0.41449400 

 C                 -4.13652900    4.47526600    1.08989200 

 H                 -5.08439600    4.05784700    1.41724500 

 C                  6.38264300   -2.35813300    2.22673900 

 H                  6.25988200   -3.05239900    1.38746600 

 H                  7.22846500   -1.69633300    2.00635400 

 H                  6.65014600   -2.95092100    3.10855400 

 C                  5.19907600    4.24598500    1.73647800 

 H                  5.88277800    4.09277700    2.56687800 

 C                  3.42002900    4.65509500   -0.37124600 

 H                  2.72324900    4.81499700   -1.18960900 

 C                  5.48733000    5.20065800    0.75847600 

 H                  6.39965300    5.78748700    0.82169500 

 C                  6.07522200   -1.18826900   -2.81595300 

 H                  5.11234400   -1.62174800   -3.10999900 

 H                  6.71445000   -1.15099400   -3.70645500 

 H                  6.54882000   -1.86676600   -2.09793100 

 C                  4.59587500    5.40238300   -0.29695400 

 H                  4.81189500    6.14423600   -1.06098600 

 C                  7.27055800    0.81307100   -1.84637200 
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 H                  7.78191200    0.19364000   -1.10157900 

 H                  7.91704600    0.87452300   -2.73062700 

 H                  7.16733100    1.82138700   -1.42929700 

 C                 -2.79788400    6.37000500    0.41506500 

 H                 -2.70533400    7.43051700    0.19788300 

 C                  3.97865300   -2.58271500    2.87521200 

 H                  3.78003400   -3.26384700    2.04086600 

 H                  4.28761300   -3.18358100    3.73971700 

 H                  3.03774800   -2.08782400    3.13488600 

 C                  5.34859900   -0.63725500    3.71701200 

 H                  5.66894500   -1.22281500    4.58742600 

 H                  6.13588300    0.09150400    3.49007900 

 H                  4.44785400   -0.08452100    4.00370300 

 C                 -4.02254100    5.84350700    0.83458900 

 H                 -4.88326800    6.49565200    0.95561200 

 

 

Cartesian coordinates of the DFT-optimized PuI2(
Aracnac)2 (3) 

 

Pu                 0.00019100    0.00039500   -0.00343900 

 I                  0.30110800    0.53998800   -2.98513800 

 O                 -1.00863300    1.93890100    0.23608600 

 N                  1.79860000    1.56876900    0.41215900 

 C                  3.04897600    0.86908400    0.32402200 

 C                  3.46534100    0.07337500    1.39196000 

 H                  2.84635800    0.03868500    2.28270000 
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 C                  4.67022700   -0.64835300    1.31947200 

 C                  5.41848900   -0.54820700    0.14199900 

 H                  6.35351700   -1.09076400    0.06787500 

 C                  5.01280900    0.23370100   -0.95718400 

 C                  3.81133100    0.93480700   -0.85285400 

 H                  3.44339500    1.54200500   -1.66937400 

 C                  5.12929800   -1.48206500    2.53149100 

 C                  5.35121600   -0.54086400    3.73993000 

 H                  6.11966300    0.20951300    3.51877700 

 H                  5.67972900   -1.11601500    4.61416300 

 H                  4.43277100   -0.01285100    4.01709600 

 C                  4.04508700   -2.52652600    2.89066800 

 H                  3.08936700   -2.05820100    3.14582800 

 H                  4.36644900   -3.11999200    3.75574800 

 H                  3.86943800   -3.21082000    2.05379900 

 C                  6.44709600   -2.23340600    2.26133000 

 H                  6.35227300   -2.93070200    1.42082900 

 H                  6.72332500   -2.81886800    3.14541900 

 H                  7.27575800   -1.54770400    2.04900800 

 C                  5.89919000    0.30665600   -2.21499100 

 C                  6.08337700   -1.11278200   -2.80334800 

 H                  6.54969900   -1.79454700   -2.08324600 

 H                  6.72751200   -1.07631300   -3.69037200 

 H                  5.12028100   -1.54205600   -3.10293100 

 C                  7.28283300    0.88705600   -1.83008700 

 H                  7.17893100    1.88437700   -1.38735200 
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 H                  7.92045900    0.97540200   -2.71823800 

 H                  7.80575000    0.25379900   -1.10556900 

 C                  5.28860900    1.20243200   -3.31062000 

 H                  4.30813700    0.84025900   -3.63923800 

 H                  5.94958300    1.21315600   -4.18485700 

 H                  5.17489700    2.23826300   -2.97118200 

 C                  1.76758500    2.88885200    0.48503300 

 C                  3.03056500    3.69748900    0.58154900 

 C                  3.92576400    3.53670300    1.64866700 

 H                  3.72379900    2.79458900    2.41387900 

 C                  5.06753300    4.33323400    1.73311600 

 H                  5.74938200    4.20613700    2.56942500 

 C                  5.33467100    5.28913000    0.75029400 

 H                  6.22891400    5.90294800    0.81560600 

 C                  4.44584100    5.45650100   -0.31328400 

 H                  4.64557100    6.19894500   -1.08117100 

 C                  3.29319400    4.67404300   -0.39071300 

 H                  2.59732600    4.80743400   -1.21457800 

 C                  0.57285400    3.66367900    0.50896000 

 H                  0.71062200    4.71974200    0.69406800 

 C                 -0.72869600    3.19245500    0.41237000 

 C                 -1.89071400    4.11316800    0.53599600 

 C                 -1.79045600    5.48682300    0.25457600 

 H                 -0.85612400    5.90098300   -0.11046100 

 C                 -2.89490200    6.32216900    0.40442300 

 H                 -2.80435200    7.37998300    0.17352300 
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 C                 -4.11520900    5.80133300    0.84276000 

 H                 -4.97440900    6.45543200    0.96446200 

 C                 -4.22760500    4.43607300    1.11535000 

 H                 -5.17287900    4.02293500    1.45593000 

 C                 -3.12770200    3.59509200    0.95474900 

 H                 -3.21299800    2.53401500    1.15893000 

 I                 -0.30049100   -0.53932800    2.97821800 

 O                  1.00903100   -1.93786900   -0.24571300 

 N                 -1.79871100   -1.56768400   -0.41743200 

 C                 -3.04921000   -0.86928900   -0.32081200 

 C                 -3.46903300   -0.06498000   -1.38093500 

 H                 -2.85241200   -0.02212200   -2.27293400 

 C                 -4.67404900    0.65555800   -1.29881300 

 C                 -5.41939800    0.54442800   -0.12050000 

 H                 -6.35449900    1.08585700   -0.03924300 

 C                 -5.01008500   -0.24617300    0.97104300 

 C                 -3.80806300   -0.94492500    0.85774600 

 H                 -3.43736200   -1.55855500    1.66819600 

 C                 -5.13630500    1.50079400   -2.50151600 

 C                 -5.34057200    0.57433700   -3.72436400 

 H                 -6.10172200   -0.18767000   -3.51828300 

 H                 -5.67055000    1.15802900   -4.59236100 

 H                 -4.41459100    0.06066700   -4.00344000 

 C                 -4.06255300    2.56300900   -2.83951400 

 H                 -3.09999100    2.10982900   -3.09623600 

 H                 -4.38631900    3.16532100   -3.69755100 
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 H                 -3.89942200    3.23700000   -1.99175800 

 C                 -6.46428200    2.23272700   -2.22798000 

 H                 -6.38300100    2.91695200   -1.37539300 

 H                 -6.74133200    2.82958700   -3.10415600 

 H                 -7.28646400    1.53428300   -2.03269000 

 C                 -5.89315400   -0.33058200    2.23048000 

 C                 -6.07711900    1.08363700    2.83133400 

 H                 -6.54551200    1.77113700    2.11806600 

 H                 -6.71930000    1.03913200    3.71940800 

 H                 -5.11369700    1.51108200    3.13250200 

 C                 -7.27726900   -0.90893400    1.84419100 

 H                 -7.17362700   -1.90240700    1.39282400 

 H                 -7.91258200   -1.00531900    2.73316600 

 H                 -7.80254300   -0.27006000    1.12634000 

 C                 -5.27905300   -1.23503600    3.31698000 

 H                 -4.29801400   -0.87486300    3.64609100 

 H                 -5.93775600   -1.25358300    4.19279700 

 H                 -5.16544600   -2.26791200    2.96862200 

 C                 -1.76744400   -2.88760300   -0.49316600 

 C                 -3.03043900   -3.69654300   -0.58699600 

 C                 -3.92843100   -3.53543200   -1.65172400 

 H                 -3.72868100   -2.79282700   -2.41702500 

 C                 -5.07011500   -4.33233600   -1.73374800 

 H                 -5.75413100   -4.20499100   -2.56824800 

 C                 -5.33439900   -5.28892900   -0.75083400 

 H                 -6.22858200   -5.90303300   -0.81423900 
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 C                 -4.44278700   -5.45663700    0.31035400 

 H                 -4.64028400   -6.19962500    1.07829200 

 C                 -3.29023000   -4.67380900    0.38531400 

 H                 -2.59220500   -4.80746200    1.20730900 

 C                 -0.57262700   -3.66217000   -0.52049500 

 H                 -0.71053500   -4.71783800   -0.70772300 

 C                  0.72899000   -3.19110000   -0.42414200 

 C                  1.89088200   -4.11125200   -0.55318500 

 C                  1.79221700   -5.48526800   -0.27295100 

 H                  0.85968700   -5.90006900    0.09593200 

 C                  2.89611000   -6.32022000   -0.42895500 

 H                  2.80686600   -7.37830800   -0.19880500 

 C                  4.11415500   -5.79870000   -0.87273300 

 H                  4.97285300   -6.45251400   -0.99939500 

 C                  4.22491800   -4.43315500   -1.14454500 

 H                  5.16838900   -4.01952300   -1.48951900 

 C                  3.12571400   -3.59251400   -0.97746500 

 H                  3.20976900   -2.53125500   -1.18124900 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


