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Appendix 
Table 1 Property prediction models used in case study 

Property Property Model SD AAE 

Normal Melting 
Point (𝑻𝑻𝒎𝒎) [1] 

exp �
𝑇𝑇𝑚𝑚
𝑇𝑇𝑚𝑚0

� = �𝑁𝑁𝑖𝑖𝑇𝑇𝑚𝑚𝑚𝑚 +
𝑖𝑖

� 𝑀𝑀𝑗𝑗𝑇𝑇𝑚𝑚𝑚𝑚 +
𝑖𝑖

� 𝑂𝑂𝑘𝑘𝑇𝑇𝑚𝑚𝑚𝑚
𝑖𝑖

 

𝑇𝑇𝑚𝑚0 = 147.450𝐾𝐾 
25.34 18.76 

Normal Boiling 
Point (𝑻𝑻𝒃𝒃) [1] 

exp �
𝑇𝑇𝑏𝑏
𝑇𝑇𝑏𝑏0

� = �𝑁𝑁𝑖𝑖𝑇𝑇𝑏𝑏𝑏𝑏 +
𝑖𝑖

� 𝑀𝑀𝑗𝑗𝑇𝑇𝑏𝑏𝑏𝑏 +
𝑖𝑖

� 𝑂𝑂𝑘𝑘𝑇𝑇𝑏𝑏𝑏𝑏
𝑖𝑖

 

𝑇𝑇𝑏𝑏0 = 222.543𝐾𝐾 

8.01 5.89 

Flash Point (𝑭𝑭𝒑𝒑) 
[2] 

𝐹𝐹𝑝𝑝 − 𝐹𝐹𝑝𝑝0 = � 𝑁𝑁𝑖𝑖𝑇𝑇𝑝𝑝𝑝𝑝 +
𝑖𝑖

� 𝑀𝑀𝑗𝑗𝑇𝑇𝑝𝑝𝑝𝑝 +
𝑖𝑖

� 𝐸𝐸𝑘𝑘𝑇𝑇𝑝𝑝𝑝𝑝
𝑖𝑖

 

𝐹𝐹𝑝𝑝0 = 150.0218𝐾𝐾 
12.10 8.97 

Molar Volume 
(𝑽𝑽𝒎𝒎) [3] 

𝑉𝑉𝑚𝑚(25𝑜𝑜𝐶𝐶) − 𝑑𝑑 = �𝑁𝑁𝑖𝑖𝑣𝑣𝑚𝑚1𝑖𝑖
𝑖𝑖

+�𝑀𝑀𝑗𝑗𝑣𝑣𝑚𝑚2𝑗𝑗
𝑗𝑗

 

𝑑𝑑 = 0.01211 
0.002 0.001 

Vapour Pressure 
(𝑷𝑷𝒗𝒗𝒗𝒗) [4] 

𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠 = 5.58− 2.7 �
𝑇𝑇𝑏𝑏

298.15
�
1.7

 

𝑇𝑇𝑏𝑏 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 
N/A N/A 

Higher Heating 
Value  (𝑯𝑯𝑯𝑯𝑯𝑯) [5] 

𝐻𝐻𝐻𝐻𝐻𝐻 =
∑ 𝑁𝑁𝑖𝑖𝐻𝐻𝑖𝑖𝑖𝑖
∑ 𝑁𝑁𝑖𝑖𝑀𝑀𝑖𝑖𝑖𝑖

�𝑘𝑘𝑘𝑘 𝑔𝑔� � 

𝑀𝑀 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 (𝑔𝑔/𝑚𝑚𝑚𝑚𝑚𝑚) 

N/A N/A 

Density (𝝆𝝆) 𝜌𝜌 =
𝑀𝑀𝑖𝑖

𝑉𝑉𝑚𝑚
 N/A N/A 
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Dynamic Viscosity 
(𝜼𝜼𝑳𝑳) [6] 

ln 𝜂𝜂𝐿𝐿 = �𝑁𝑁𝑖𝑖𝐶𝐶𝑖𝑖 + �𝑀𝑀𝑗𝑗𝐷𝐷𝑗𝑗
𝑗𝑗

+ �𝑂𝑂𝑘𝑘𝐸𝐸𝑘𝑘
𝑘𝑘𝑖𝑖

 0.89 0.37 

Octanol/water 
partition 

coefficient (𝑲𝑲𝒐𝒐𝒐𝒐) 
[7] 

log𝐾𝐾𝑜𝑜𝑜𝑜 = 1.267 (𝑣𝑣𝜒𝜒1) + 0.612(𝑣𝑣𝜒𝜒3)− 0.976(𝑣𝑣𝜒𝜒3)
− 2.130 N/A N/A 

Acute Toxicity 
(Aquatic, 𝑳𝑳𝑪𝑪𝟓𝟓𝟓𝟓) 

[8] 
log𝐿𝐿𝐶𝐶50−1 = 0.81 log𝐾𝐾𝑜𝑜𝑜𝑜 + 1.744 N/A N/A 

Acute Toxicity 
(Aquatic, 𝑬𝑬𝑪𝑪𝟓𝟓𝟓𝟓) 

[9] 
log𝐸𝐸𝐶𝐶50 = −0.95 log𝐾𝐾𝑜𝑜𝑜𝑜 − 1.32 N/A N/A 

Acute Toxicity 
(Oral, 𝑳𝑳𝑫𝑫𝟓𝟓𝟓𝟓) [10] 

log𝐿𝐿𝐷𝐷50−1 = 0.805 log𝐾𝐾𝑜𝑜𝑜𝑜
− 0.971 log(0.0807𝐾𝐾𝑜𝑜𝑜𝑜 + 1) + 0.984 N/A N/A 

Relative Toxicity 
(𝑰𝑰𝑰𝑰𝑰𝑰𝟓𝟓𝟓𝟓) [11] log 𝐼𝐼𝐼𝐼𝐼𝐼50−1 = 0.723(0.14) log𝐾𝐾𝑜𝑜𝑜𝑜 − 1.79(0.031) N/A N/A 

Bioconcentration 
Factor [12] log𝐵𝐵𝐵𝐵𝐵𝐵 = 0.032 + 0.636 log𝐾𝐾𝑜𝑜𝑜𝑜 N/A N/A 

Soil-water 
partition 

coefficient (𝑲𝑲𝒐𝒐𝒐𝒐) 
[13] 

log𝐾𝐾𝑜𝑜𝑜𝑜 = 0.59 (𝑣𝑣𝜒𝜒1)− 0.97 N/A N/A 

Global Warming 
Potential [14] 

log𝐺𝐺𝐺𝐺𝐺𝐺 = �𝑎𝑎𝑖𝑖𝐴𝐴𝑖𝑖 + 𝑏𝑏(𝑣𝑣𝜒𝜒0) + 2𝑐𝑐(𝑣𝑣𝜒𝜒1) + 𝑑𝑑
𝑖𝑖

 

𝑏𝑏 = −0.01877; 𝑐𝑐 = −1.52848;𝑑𝑑 = −0.52073 

0.48 0.36 

Photochemical 
Oxidation 

Potential [14] 

− log𝑃𝑃𝑃𝑃𝑃𝑃 = �𝑎𝑎𝑖𝑖𝐴𝐴𝑖𝑖 + 𝑏𝑏(𝑣𝑣𝜒𝜒0) + 2𝑐𝑐(𝑣𝑣𝜒𝜒1) + 𝑑𝑑
𝑖𝑖

 

𝑏𝑏 = −0.10486; 𝑐𝑐 = 0.005087;𝑑𝑑 = −0.25708 

0.33 0.27 

 

 

Group Contribution Functional Groups 
First-order GC groups considered: 
1. CH3 
2. CH2 
3. CH 
4. C 
5. CH2=CH 
6. CH=CH 
7. CH2=C 
8. CH=C 
9. C=C 
10. OH 

11. COOH 
12. CH3CO 
13. CH2CO 
14. CHCO 
15. CCO 
16. CHO 
17. CH3COO 
18. CH2COO 
19. CHCOO 
20. CCOO 

21. HCOO 
22. CH3O 
23. CH2O 
24. CH-O 
25. C-O 
26. CH2CN 
27. CHCN 
28. CCN 
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Second-order GC groups considered: 
1. (CH3)2CH 
2. (CH3)3C 
3. CH(CH3)CH(CH3) 
4. CH(CH3)C(CH3)2 
5. C(CH3)2C(CH3)2 
6. CHn=CHm-CHp=CHk (k,m,n,p in 0..2) 
7. CH3-CHm=CHn (m,n in 0..2) 
8. CH2-CHm=CHn (m,n in 0..2) 
9. CHp-CHm=CHn (m,n in 0..2; p in 0..1) 
10. CHCHO or CCHO 
11.  CH3COCH2 
12. CH3COCH or CH3COC 
13. CHCOOH or CCOOH 
14. CH3COOCH or CH3COOC 
15. CHOH 
16. COH 
17. CH3COCHnOH (n in 0..2) 
18. NCCHOH or NCCOH 

19. OH-CHn-COO (n in 0.2) 
20. CHm(OH)CHn(OH) (m,n in 0..2) 
21. CHm(OH)CHn(-) (m,n in 0..2) 
22. HOOC-CHn-COOH (n on 1..2) 
23. HOOC-CHn-CHm-COOH (n,m on 1..2) 
24. HO-CHn-COOH (n on 1..2) 
25. CH3-O-CHn-COOH (n in 1..2) 
26. NC-CHn-CHm-CN (n,m in 1..2) 
27. OH-CHn-CHm-CN (n,m in 1..2) 
28. COO-CHn-CHm-OOC (n,m in 1..2) 
29. OOC-CHn-CHm-COO (n,m in 1..2) 
30. NC-CHn-COO (n in 1..2) 
31. COCHnCOO (n in 1..2) 
32. CHm-O-CHn=CHp (m,n,p in 0..3) 
33. CHm=CHn-CN (m,n in 0..2) 
34. CHm=CHn-COO-CHp (m,n,p in 0..3) 
35. CHm=CHn-CHO (m,n in 0..2) 
36. CHm=CHn-COOH (m,n in 0..2) 

 
Third-order GC groups considered: 

1. HOOC-(CHn)m-COOH (m>2, n in 0..2) 
2. OH-(CHn)m-OH (m>2, n in 0..2) 
3. OH-(CHp)k-O-(CHn)m--H (m,k>0; p,n in 0..2) 
4. CHp-O-(CHn)m-OH (m>2; n,p in 0..2) 
5. NC-(CHn)m-CN (m>2; n in 0..2) 
6. COO-(CHn)m-OOC (m>2; n in 0..2) 

 
Table 2 Chemical classes considered and their respective chemical groups 

Chemical Class Chemical Group 

Alkanes CH3, CH2, CH, C 

Alkenes CH2=CH, CH=CH, CH2=C, CH=C, C=C 

Alcohol OH 

Carboxylic Acid COOH 

Ketones CH3CO, CH2CO, CHCO, CCO 

Aldehyde CHO 

Esters CH3COO, CH2COO, CHCOO, CCOO, HCOO 

Ethers CH3O, CH2O, CH-O, C-O 

Nitriles CH2CN, CHCN, CCN 
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Table 3 Height 1 signature and their corresponding GC group 

No Signature Corresponding 
Group No Signature Corresponding 

Group 

S1 C1(C) CH3 S13 C4(=C=O) C = C 

S2 C1(O) CH3O S14 C4(=CCC) C = C 

S3 C2(=C) CH2 = C S15 C4(=CCO) C = C 

S4 C2(CC) CH2 S16 C4(=OCC) CHCO 

S5 C2(CO) CH2 S17 C4(=OCO) CH2COO 

S6 C3(=CC) CH = C S18 C4(≡NC) CCN 

S7 C3(=CO) CH = C S19 C4(CCCC) C 

S8 C3(=OC) CHO S20 C4(CCCO) C 

S9 C3(=OO) HCOO S21 N3(≡C) CCN 

S10 C3(CCC) CH S22 O1(C) OH 

S11 C3(CCO) CH S23 O2(=C) COOH 

S12 C4(=C=C) C = C S24 O2(CC) CH-O 

 
Table 4 Height 2 signature and their corresponding GC group 

No Signature Corresponding Group 

D1 C1(C3(CCO)) CH3 

D2 C1(C2(CC)) CH3 

D3 C1(C2(CO)) CH3 

D4 C2(C1(C)C2(CC)) CH2 

D5 C2(C1(C)C2(CO)) CH2 

D6 C2(C1(C)C3(CCO)) CH2 

D7 C2(C2(CC)C2(CC)) CH2 

D8 C2(C2(CC)C2(CO)) CH2 

D9 C2(C2(CC)C3(CCO)) CH2 

D10 C2(C2(CO)C3(CCO)) CH2 

D11 C2(C1(CO)O1(C)) CH2 

D12 C2(C2(CC)O1(C)) CH2 

D13 C3(C1(C)C1(C)O1(C)) CH 
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D14 C3(C1(C)C2(CC)O1(C)) CH 

D15 C3(C2(CC)C2(CC)O1(C)) CH 

D16 O1(C2(CO)) OH 

D17 O1(C3(CCO)) OH 

 
Table 5 Height 3 signature and their corresponding GC group 

No Signature Corresponding Group 

T1 C1(C3(C1(C)C2(CC)O1(C))) CH3 

T2 C1(C2(C1(C)C2(CC))) CH3 

T3 C2(C1(C2(CC))C2(C1(C)C2(CC))) CH2 

T4 C2(C1(C2(CC))C2(C2(CC)C2(CC))) CH2 

T5 C2(C1(C2(CC))C2(C2(CC)C3(CCO))) CH2 

T6 C2(C2(C1(C)C2(CC))C2(C1(C)C2(CC))) CH2 

T7 C2(C2(C1(C)C2(CC))C2(C2(CC)C2(CC))) CH2 

T8 C2(C2(C1(C)C2(CC))C2(C2(CC)C3(CCO))) CH2 

T9 C2(C2(C2(CC)C2(CC))C2(C2(CC)C2(CC))) CH2 

T10 C2(C2(C2(CC)C2(CC))C2(C2(CC)C3(CCO))) CH2 

T11 C2(C2(C1(C)C2(CC))C3(C1(C)C2(CC)O1(C))) CH2 

T12 C2(C2(C2(CC)C2(CC))C3(C1(C)C2(CC)O1(C))) CH2 

T13 C3(C1(C3(CCO))C2(C2(CC)C3(CCO))O1(C3(CCO))) CH 

T14 O1(C3(C1(C)C2(CC)O1(C))) OH 

 
Table 66 Height 4 signature and their corresponding GC group 

No Signature 
Q1 C1(C3(C1(C3(CCO))C2(C2(CC)C3(CCO))O1(C3(CCO)))) 

Q2 C1(C2(C1(C2(CC))C2(C2(CC)C2(CC)))) 

Q3 C2(C1(C2(C1(C)C2(CC))C2(C2(C1(C)C2(CC))C2(C2(CC)C2(CC)))) 

Q4 C2(C1(C2(C1(C)C2(CC))C2(C2(C2(CC)C2(CC))C2(C2(CC)C2(CC)))) 

Q5 C2(C1(C2(C1(C)C2(CC))C2(C2(C2(CC)C2(CC))C2(C2(CC)C3(CCO)))) 

Q6 C2(C2(C1(C2(CC))C2(C2(CC)C2(CC)))C2(C2(C1(C)C2(CC))C2(C2(CC)C2(CC)))) 

Q7 C2(C2(C1(C2(CC))C2(C2(CC)C2(CC)))C2(C2(C2(CC)C2(CC))C2(C2(CC)C2(CC)))) 

Q8 C2(C2(C1(C2(CC))C2(C2(CC)C2(CC)))C2(C2(C2(CC)C2(CC))C2(C2(CC)C3(CCO)))) 

Q9 C2(C2(C2(C1(C)C2(CC))C2(C2(CC)C2(CC)))C2(C2(C1(C)C2(CC))C2(C2(CC)C2(CC)))) 

Q10 C2(C2(C2(C2(CC)C2(CC))C2(C2(CC)C2(CC)))C2(C2(C2(CC)C2(CC))C2(C2(CC)C2(CC)))) 

Q11 C2(C2(C2(C1(C)C2(CC))C2(C2(CC)C2(CC)))C2(C2(C2(CC)C2(CC))C2(C2(CC)C2(CC)))) 
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Q12 C2(C2(C2(C1(C)C2(CC))C2(C2(CC)C2(CC)))C2(C2(C2(CC)C2(CC))C2(C2(CC)C3(CCO)))) 

Q13 C2(C2(C2(C2(CC)C2(CC))C2(C2(CC)C2(CC)))C2(C2(C2(CC)C2(CC))C2(C2(CC)C3(CCO)))) 

Q14 C2(C2(C2(C1(C)C2(CC))C2(C2(CC)C2(CC)))C2(C2(C2(CC)C2(CC))C3(C1(C)C2(CC)O1(C)))) 

Q15 C2(C2(C2(C2(CC)C2(CC))C2(C2(CC)C2(CC)))C2(C2(C2(CC)C2(CC))C3(C1(C)C2(CC)O1(C)))) 

Q16 C2(C2(C2(C2(CC)C2(CC))C2(C2(CC)C3(CCO)))C2(C2(C2(CC)C2(CC))C3(C1(C)C2(CC)O1(C)))) 

Q17 C2(C2(C2(C1(C)C2(CC))C2(C2(CC)C2(CC)))C3(C1(C3(CCO))C2(C2(CC)C3(CCO))O1(C3(CCO)))) 

Q18 C2(C2(C2(C2(CC)C2(CC))C2(C2(CC)C3(CCO)))C3(C1(C3(CCO))C2(C2(CC)C3(CCO))O1(C3(CCO)))) 

Q19 C2(C2(C2(C2(CC)C2(CC))C3(C1(C)C2(CC)O1(C)))C3(C1(C3(CCO))C2(C2(CC)C3(CCO))O1(C3(CCO)))) 

Q20 C3(C1(C3(C1(C)C2(CC)O1(C)))C2(C2(C2(CC)C2(CC))C3(C1(C)C2(CC)O1(C)))O1(C3(C1(C)C2(CC)O1(C)))) 

Q21 O1(C3(C1(C3(CCO))C2(C2(CC)C3(CCO))O1(C3(CCO)))) 

 

Phase analysis 
To estimate the activity coefficients in non-ideal liquid mixture, group contribution 
estimation approach developed by Fredenslund et al. (1975)12 was applied. In this work, the 
GC prediction model combines the solution-of-functional-groups concept with a model for 
activity coefficient based on UNIQUAC. In a multi-component mixture, the UNIQUAC 
equation for the activity coefficient of component 𝑖𝑖 is given by: 

 ln 𝛾𝛾𝑖𝑖 = ln 𝛾𝛾𝑖𝑖𝐶𝐶 + ln 𝛾𝛾𝑖𝑖𝑅𝑅 (1) 

In Equation 1, 𝐶𝐶 represent the combinatorial part while the residual part is denoted as 𝑅𝑅. Here, 
Equation 2 and Equation 3 calculates the value ln 𝛾𝛾𝑖𝑖𝐶𝐶 and ln 𝛾𝛾𝑖𝑖𝑅𝑅:   

 
ln 𝛾𝛾𝑖𝑖𝐶𝐶 = ln

𝜙𝜙𝑖𝑖
𝑥𝑥𝑖𝑖

+ 5𝑞𝑞𝑖𝑖 ln
𝜃𝜃𝑖𝑖
𝜙𝜙𝑖𝑖

+ 𝑙𝑙𝑖𝑖 −
𝜙𝜙𝑖𝑖
𝑥𝑥𝑖𝑖
�𝑥𝑥𝑗𝑗𝑙𝑙𝑗𝑗
𝑗𝑗

 
(2) 

 ln 𝛾𝛾𝑖𝑖𝑅𝑅 = �𝑣𝑣𝑘𝑘
(𝑖𝑖)(ln Γ𝑘𝑘 −

𝑘𝑘

ln Γk
(𝑖𝑖)) (3) 

Equation 4 to Equation 11 represents the calculation for terms in Equation 2 and Equation 3:  

 𝑙𝑙𝑗𝑗 = 5(𝑟𝑟𝑖𝑖 − 𝑞𝑞𝑖𝑖) − (𝑟𝑟𝑖𝑖 − 1) (4) 

 𝜙𝜙𝑖𝑖 =
𝑟𝑟𝑖𝑖𝑥𝑥𝑖𝑖
∑ 𝑟𝑟𝑗𝑗𝑥𝑥𝑗𝑗𝑗𝑗

 (5) 

 𝜃𝜃𝑖𝑖 =
𝑞𝑞𝑖𝑖𝑥𝑥𝑖𝑖

∑ 𝑞𝑞𝑗𝑗𝑥𝑥𝑗𝑗𝑗𝑗
 (6) 

 𝑟𝑟𝑖𝑖 = �𝑣𝑣𝑘𝑘
(𝑖𝑖)𝑅𝑅𝑘𝑘

𝑘𝑘

 (7) 

 𝑞𝑞𝑖𝑖 = �𝑣𝑣𝑘𝑘
(𝑖𝑖)𝑄𝑄𝑘𝑘

𝑘𝑘

 (8) 

 
ln Γ𝑘𝑘 = 𝑄𝑄𝑘𝑘 �1 − ln�𝜗𝜗𝑚𝑚𝜓𝜓𝑚𝑚,𝑘𝑘

𝑚𝑚

−�
𝜗𝜗𝑚𝑚𝜓𝜓𝑚𝑚,𝑘𝑘

∑ 𝜗𝜗𝑛𝑛𝜓𝜓𝑛𝑛,𝑚𝑚𝑛𝑛𝑚𝑚

� 
(9) 
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𝜗𝜗𝑚𝑚 =

𝑄𝑄𝑚𝑚𝑋𝑋𝑚𝑚
∑ 𝑄𝑄𝑛𝑛𝑋𝑋𝑛𝑛𝑛𝑛

 
(10) 

 𝜓𝜓𝑚𝑚,𝑛𝑛 = − exp(
𝑎𝑎𝑚𝑚𝑚𝑚
𝑇𝑇

) (11) 

Where  𝛾𝛾𝑖𝑖 = activity coefficient of component 𝑖𝑖 
 𝜙𝜙𝑖𝑖 = segment fraction (volume fraction) of component 𝑖𝑖 
 𝜃𝜃𝑖𝑖 = area fraction of component 𝑖𝑖 
 𝑥𝑥𝑖𝑖 = mole fraction of component 𝑖𝑖 
 𝑟𝑟𝑖𝑖 = pure component molecular van der Waals volume parameter 
 𝑞𝑞𝑖𝑖 = pure component molecular surface areas parameter 
 𝑣𝑣𝑘𝑘

(𝑖𝑖)= number of groups of type 𝑘𝑘 in molecule 𝑖𝑖 
 𝑅𝑅𝑘𝑘 = group volume parameters 
 𝑄𝑄𝑘𝑘 = group area parameters 
 Γ𝑘𝑘 = group residual activity coefficient 
  Γ𝑘𝑘

(𝑖𝑖) = residual activity coefficient of group 𝑘𝑘 in pure component 𝑖𝑖 
 𝜗𝜗𝑚𝑚 = area fraction of group 𝑚𝑚 

𝜓𝜓𝑚𝑚,𝑘𝑘  = group interaction parameter 
 𝑋𝑋𝑚𝑚 = mole fraction of group 𝑚𝑚 in the mixture  
 𝑎𝑎𝑚𝑚,𝑛𝑛 = group interaction parameters obtained from experimental phase equilibrium   
             data 
 
 

  
(a)                                                                                                     (b) 

 
(c) 

Figure S-1 Gibbs energy and tangent plot for 2-heptanol and bio-oil at (a) 16% water content (b) 25% water content and (c) 
40% water content 
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(a)                                                                                              (b) 

 

(c) 

Figure S-2 Gibbs energy and tangent plot for 2-hexanol and bio-oil at (a) 16% water content (b) 25% water content and (c) 
40% water content 

  

(a)                                                                                                    (b) 

 
(c) 

Figure S-3 Gibbs energy and tangent plot for 2-pentanol and bio-oil at (a) 16% water content (b) 25% water content and (c) 
40% water content 
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(a)                                                                                                    (b) 

 

 
(c) 

Figure S-4 Gibbs phase ternary graph of bio-oil, water and (a) 2-heptanol, (b) 2-hexanol and  (c) 2-heptanol 
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